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Genetic guidelines: handle with care 


PERFECT democracy or perfect dictatorship? That is a 
question which might well have to be asked now that 
the Report of the Working Party on the Practice of 
Genetic Manipulation has been published (Cmnd 6600. 
HMSO, 50p). Its recommendations embody a principle 
that Britain already knows in respect of its pay policy: 
that, threatened by a legislative hammer, -everyone 
‘voluntarily’ ae in Pee announced guide- 
_ lines. 

The working sandy divides’ experiments into four 
categories (depending on their hazards) and provides a 


code of practice to cover each category (for details, see. 


page 4). Researchers will submit details of their. experi- 
ments to a Genetic Manipulation Advisory Group 
(GMAG), which will vet and categorise the work. They 
can then decide voluntarily whether or not to abide by 
the advice of the GMAG and to follow the code of 
practice. 

But at the same time, details of the experiments will 
have to be submitted to the Health and Safety Commis- 
sion (HSC), which has turned its eye specifically to all 


forms of genetic manipulation of micro-organisms,- 
including those which preceded the advent of the new . 


technology for recombinant DNA. The HSC will, 


through its inspectors, police the work using the exist- ` 
ing (and very wide ranging) Health and Safety at Work . 
Act, which it administers. The great advantage of this. 


Act is that it applies to all employers, in industry, public 
laboratories and universities. This has allowed the 


working party to avoid the problem being faced in the . 


United States, where guidelines control only research 
sponsored by the National Institute of Health (NIH) 
and leave industrial ene defence-related work -largely 
untouched. 

So unspecific is the legislation, in fact, ie it could 
probably cover any laboratory which carried out any 
experiment deemed to ‘be hazardous to those who 
worked there. But. the HSC is now considering what 
special provisions it: might need to give it more specific 
and authoritative control of genetic manipulation ex- 
periments. So the Act will be reinforced by a set of 
regulations, a draft of which has been produced. Their 


final form will depend on suggestions and recommenda-- 


tions received between now and November. One pos- 
stoility is that the HSC will adopt the commendably 
_ detailed Code of Practice proposed by the working 
party, thus giving it a basis in law. 

The GMAG, which will produce an annual report, 


will clearly be a powerful body. To its credit the working 


. party offers the GMAG flexibility by refusing to go into 


the kind of detailed categorisation of experiments pro- 
duced by the NIH in its analogous regulations; the 
preference, plainly, is for learning by experience. In 
addition the working party has considered not just the 
medical ‘hazards of genetic manipulation in isolation, 
but also the potential dangers to plamt and animal 
populations, which are included within the GMAG’s 
scope. 

The members of the GMAG, which will be res- 
ponsible to the Secretary of State for Education and 
Science, will be announced as soon as possible. The 
main problem is likely to be the initial bottleneck in- 


‘dealing with the batch of proposed experiments, some 


of which have lain dormant for two years. The GMAG 
is going to have to work speedily to overcome its own 
inexperience and the growing impatience of those now 
being encouraged by the working party, who have post- 
poned their most exciting experiments. 

Even more; of a problem may face the biological 
safety officer, whom the working party recommends be 
appointed in every laboratory carrying out genetic 
manipulation experiments. His task, particularly in the 
higher-risk laboratories, would. be as onerous as it is 
important. And in the event of any prosecution under 
the Health and Safety at Work Act, he could not neces- 
sarily pass the buck on to the head of department to 
whom he is responsible. Given this, and the disinclina- 
tion of most people to control the work of their 
colleagues, the job of biological safety officer may not 


. prove to be a popular one. Might there not be a case, 


particularly in those laboratories with a major interest 
in ‘genetic manipulation, for the appointment of a 
suitably’ trained person to that specific and sole 
role? 

There is one slightly worrying aspect about the way 
the proposals have emerged. It relates to the British 
distaste for debate in full public view. Thus far, it has 
certainly been possible to state a view and have it con- 
sidered by those deliberating the issues—but there has 
been nothing like the openness afforded in the United 
States. Greater openness would have produced a 
equally satisfactory result, and perhaps as quickly. B 
it would have also have meant greater legitimacy f 
the final course of action. The effectiveness of 
Proposals will be a reflection of how well or b 


British science manages itself. 
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Off the tobacco road 


UK cigarette manufacturers have reached 
a crucial stage in the development of 
substitute tobacco. Allan Piper reports 


CIGARETTES containing what have 
become known as “supplements” could 
be on the UK market within 6 to 9 
months. Rigorous health trials, recom- 


mended by the UK Independent Scien- | 


tific Committee on Smoking and 
Health, should be completed soon, and 
three major tobacco companies with 
British interests—Carreras Rothmans, 
Gallahers and Imperial Tobacco—fre 


then expected to submit their results to 


the committee. ; 

The committee is an advisory body to 
the Department of Health and Social 
Security (DHSS) set up in 1973 under 
the chairmanship of the Vice-Chancellor 
of Birmingham . University, Dr R. B. 
Hunter. If it is satisfied that the find- 
ings meet the guidelines it laid down 
last year, the committee is expected to 
recommend the licensing of supple- 
ments for immediate commercial 
development in Britain. 

One company won’t be on the early 
bandwagon. Courtaulds decided last 
month to hold back on its development 
of a tobacco substitute. The decision, 
however, was merely the commercial 
judgment of a company temporarily 
sidestepping an area of heavy pioneer- 
ing expenditure which is already 
covered by the others in the field. 
Once supplements have been broadly 
sanctioned, of course, Courtaulds can 
jump straight back.into the arena, 
reasonably certain that the £3 million, 
which it needs to carry its own product, 
Tabrelle, through the Hunter tests, is 
unlikely to disappear down the drain 
The company will be up to two years 
behind those already through the trials. 
But it can take this course because 
Tabrelle is essentially similar to the 
other products being tested by the 
tobacco compentes. 


Two types 

There are, in fact, only two basic 
types of supplement. One ds made up of 
largely #norgamic materials called inert 
diluents, the other is based on organic 
cellulose derivatives. Both use an 
organic binder. On current medicad 
reckoning—that the cigarette cancer 
risk stems directly from the tar con- 
tent of smoke—both kinds of supple- 
ment provide a safer alternative to 
ordinary tobacco. Organically based 
varieties, such as Tabrelle and the un- 
imaginatively named NSM (‘New 
Smoking Material’) give less than 


40% of the amount of tar produced by 
ordinary tobacco. With Cytrel, the 
main inorganic variety, even that 
reduction can be improved two-fold. 
This relative advantage is reinforced 
further because the organic NSM pro- 
duces more carbon monoxide, alde- 
hydes and so-called furam derivatives 
than tobacco, perhaps posing an addi- 
tional, though as yet undetermined, 
health threat. 

In the event, none of the major 
tobacco companies in Britain has 
plumped squarely for one type of 
supplement rather than the other. 
Gallahers is maintaining an equal 
interest in both Cytrel and NSM. And 
while Carreras Rothman and Imperial 
Tobacco have moved more positively in 
one particular direction, respectively 
favouring Cytrel and NSM, both com- 
panies have kept their eyes on the 
alternative option. 

These preferences have resulted in 
close research links between the retail- 
ing tobacco companies and the manu- 
facturing chemical corporations. 
Carreras Rothman have an arrange- 
ment with Celanese, the US makers of 
Cytrel, while the tie between Imperial 
Tobacco and ICI has led to the forma- 
tion of the joint consortium NSM Ltd. 
planned as an eventual commercial 
manufacturer and supplier. In Ger- 
many, the chemical giant Bayer has 
just terminated a Hatson with 
Reemstma, following the spectacular 
failure there last year of two brands 
containing supplements. As for co- 
operation betwen the companies and 
the Hunter Committee, this is coordi- 
nated by the Tobacco Advisory Council 
and has apparently been effective, in 
soite of misgivings within the industry 
about the Committee’s strong academic 
make-up. 


Three stages 
The Hunter guidelines separate tests 
into three stages, with an interim 
check at the end of Stage I. This first 
stage. already passed safely. included 
comnrehensive studies of smoke chem- 
istry. together with inhalation tests 
using rats and monkevs over a period 
of at least six weeks. Stage TI involved 
short-term clinical studies of respiratory 
irritation in human volunteers. At this 
«tage the tobacco comnanies were also 
free under the guidelines to conduct 
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controlled consumer trials to assess 
such characteristics as flavour accept- 
ability. 

The third stage, now virtually com- 
pleted, involves the most rigorous tests 
of all. Studies at this level fall into 
three categories: carcinogenicity trials, 
which include the classic mouse skin- 
painting test; reproduction and terato- 
logical studies, designed to assess 
possible side-effects of smoking supple- 
ments; and, finally, life-long inhalation 
studies on rats and other species, which 
in Britain has already led to the con- 
troversy over the use of baboons and 
beagles. 

In a world context the Hunter 
guidelines are unique, and most 
interested corporations outside Britain 
hope that once their UK competitors 
have borne the expense of breaking 
new ground, Hunter. Committee ap 
proval can be used to ward off future 
criticism of supplements on respective 
domestic fronts. The £3 million cost 
for the tests carry total development 
costs for the tobacco companies in 
Britain to around £10 million each over 
tire past five or six years. 

When the committee licences the 
supplements, marketing will begin. For 
historical tax reasons they are still 
grouped with additives in the Finance 
Act, but new legislation to bring them 
under the Medicine Act is expected to 
be through parliament within the first 
couple of months of next year. Without 
hitches, cigarettes containing up to 25% 
supplement could thus be on the British 
market by March 1977. 

NSM Ltd already has a large pro- 
duction plant ready at Ardeer in Scot- 
land, a £14 millon investment by 
Imperial Tobacco. Reports indicate 
that Courtaulds could have Tabrelle in 


” commercial production within a year of 
` the Hunter green light for an additional 


investment of £10-20 million. And 
from across the Atlantic, Celanese can 
be expected to provide all the Cytrel 
needed in the early stages of UK 
marketing. Similar products such as the 
Anglo-American Batflake and Bayer’s 
still mysterious blend can also, be ex- 
pected to emerge rapidly once they 
have passed through the Hunter tests. 

Failure to win Hcences at the first 
attempt would mean a major setback, 
but the search for a safer cigarette will 
certainly not be abandoned, even 
though supplements are by no means 
universally accepted as the most effec- . 
tive way to reduce the smoking risk. 
Improvements to existing filters, parti- 
cularly through ventilation, offer 
another possibility, as does an increased 
porosity of cigarette papers. The search 
meanwhile continues for that elusive 
premium blend of tobacco which gives 
maximum possible taste with minimum 
possible tar. a 
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The OTA on the EPA. 


Wil Lepkowski looks at the US Environmental 
Protection Agency, the subject of a recent report. 


WHEN the Environmental Protection 
Agency was formed in late 1970, one 
of the justéfications for its creation was 
that a single agency could take better 
responsibilty for restoring environ- 
mental quality than a: group of 
separate fiefdoms. EPA, the argument 
went, would view the environment as 
a single, interrelated whole through an 
administrative structure that was itself 
correspondingly integrated. Environ- 
mentally conscious America heaved a 
sigh of assurance that at last the quality 
of life and the preservation of Space- 
ship Earth were given the policy 
“enthronement they merited: 

While the human cell may be the 
perfect blending of structure and func- 
tion, EPA decidedly 4s not. It has faced 
many ‘reorganisations of its ‘research 
and development branches, ‘internal 
controversies, budgetary ` disappoint- 
ments and manpower freezes; it has 
suffered from conflicting Congressional 
mandates, court setbacks to its enforce- 
ment decisions, political shoving mat- 
ches, and has had its programmes 
skewered by new energy policies. Little 
wonder, then, that‘EPA continues to 
find the exercise of leadership elusive. 
- In the past, EPA- was buffeted by 

policy fashion as well as by legitimate 

currents of change. Until the late 
1960s, for example, environmental 
control was seen as a problem of 
public health protection, and was thus 
_ housed in the Department ‘of Health, 

ucation, and Welfare (HEW). 

radually ` however, the’ emphasis 
began to shift from defining. health 
: problems as guidelines for : environ- 
, mental control to achieving techno- 
logical solutions. The health problem 
obviously remained, but Congress 
decided that HEW was no place for 
the development of technology or the 
understanding of complex ecological 
systems, and EPA was created. 

It can be fairly stated that EPA 
never could boast of a consistent 
research policy.’Hopes ran high during 
its first two years when systems 
analysts descended upon headquarters. 
But systems mythology could only but 
clash with traditions rising out of wet 
chemistry and sanitary engineering. 
Goals seldom ' squared with reaHties, 
especially in environmental regulation 
where research strategies were usually 
dictated by crises emerging each week. 
To be an EPA researcher was to be 
, unhappy. Besides being bureaucraticaHy 
overarching but arthritic, the agency 


‘ coordinator 


was acutely politicised by the Nixon 
Administration. 


Five year plan 

Out of the wreckage—but in ‘many 
cases reflective of it—wises a five-year 
research and developmem: (R&D) plan 
that Congress’s Office of Technology 
Assessment (OTA) has just finished 
analysing for the committee on science 
and technology. OTA‘has little good:to 
say of it; indeed, during the assessment 
process, EPA scrapped the word “‘plan’”’ 
and substituted “outlook”. It says in 


essence that EPA’s plan is not a plan ~ 


and as such is no guideline for helping 


-direct -long term policies for the 


country. 
“Foremost among. the shortconings 
in the R&D plan,” OTA’s report says, 


“is EPA’s failure to indicate a.com- ` 


mitment to long range research and, 
as a corollary, an excessive focus on 
short term R&D issues: related directly 


to the enforcement and/or achievement _ 
‘of EPA’s 


current regulations. Accord- 
ingly,” it goes on, - : 


. . the Plan emphasises the deve ent 
and demonstration of EETA technologies. 
In many cases, however, the larger prob- 
lems involve social, economic and institu- 
tional patterns which not only impede 
technical solutions but which 
nontechnical. approaches. To develop 
effective overall environmental manage- 
ment strategies will require more system- 
atic and sustainéd socioeconomic research 
efforts than those specified in the Plan. 


‘An added R&D emphasis on long range 


environmental concerns and a more res- 
ponstve role to its Hne of responsibility as 
of. Federal environmental 
R&D would do much to. enhance pees 
effectiveness and credibility. 


The US is obviously already envi- 


_ronmentally conscious. Whether it is 


‘environmentally cleaner is another 
question. The recent outbreak of the 
so-called “‘legionaires disease”. in Phila- 
delphia appears to be caused by a toxic 
metal whose origins and precise iden- 
tity. are still under investigation. 


-Evidence points to nickel carbonyl 


from microcapsuHsed paper that re- 
quires no carbon paper for the .typing 
of copies. Whatever., the cause,, the 
point is that toxic chemicads are every- 
where in the environment, and EPA 
must always play a “catch-up” role. 
But anticipation is the name of the 
envirommental game in its ideal, . and 


‘ EPA’s record as an anticipatory re- 


search agency is a sorry one. Yet, antil- 
cipatory research is a sorry subject 


- given the complexities of  industrialisa- 
- tion and.ecosystems. 


The obvious alter- 


3 


native is to reguire industry to stop 
producing anything toxic to begin 


_with. EPA woild administer the pend- 


ing toxic substances control Act which 
would do just that, but Congress seems 


`hesitant to pass a law so distasteful to 


industry. It has been “pending” for 
almost a decade. If passed, however, 
EPA would become in theory much 
like the Food and Drug Administra- 
tion with its main regulatory goal being 
prevention rather than reaction. Won- 
dering what to react to has always 
produced bureaucratic psychosis. 
EPA’s problems over the last few 
years have been money, manpower and 
morale. The EPA report doesn’t 


, appraise the morale problem because 


the charge was only to assess the Plan 
itself. But the panels which gathered 
to make ‘the critique were composed 
of individuals familiar with the agency’s 
internal problems and the moribund 
psychology ‘of the agency. That dssue 
wasn’t discussed, despite its centrality. 
The research ‘arm of the agency is 
plainly dejected. Individual scientists 
know ‘what needs to be done to begin 
anticipating the environmental future, 
but they know too that doing it would 
require ten times the presemt research 
budget of $250 million. 


Questionable hep 

Thinking about environmental futures 
is often a pathway to dejection, especi- 
ally considering the fact that indus- 
trialisation of .the less developed 
nations entails no pollution control to 
speak of. And oceanographers have 


‘long since despaired to any effective 


pollution control policy for the oceans. 

How much of a help OTA’s critique 
of the plan will be is questionable. It 
says it isn’t a plan. It says the main 
issues are socioeconomic and EPA 
hardly knows flow to ask the right 
questions in such a fuzzy area of para- 


~ science. It says EPA knows next to 


nothing about the long term effects of 
pollution. It says EPA has a weak 
health research capability. It is a 
litany of deficiencies. The sorry fact ts 
that the same criticisms were made of 
environmental research 15 years ago. 

The findings have long since been 
seen and muHed over by the House 
science and technology committee. But 
the practical and philosophical defi- 
ciencies pointed out in the OTA report 
transcend solution without profound 
changes in consclousness among those 


‘ who make budgets and plan strategies. 


And, of course, the entire milieu 


‘ within EPA would change once Con- 


gress passes the toxic substances bill. 
But that would mean further growth 
in the regulatory bureaucracy and, o 
course, larger costs of doing busin 
The present Administration o 
both. 


“ea, 


4 
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BRITAIN 


Genetic manipulation: guidelines out 





Eleanor Lawrence studies the report 
on genetic manipulation experiments 
and the consultative document on 
regulations to control them. 





GENETIC manipulation experiments in- 


volving artificially prepared recom- 
binant DNA elements are to go ahead 
in the United Kingdom under certain 
specified conditions. Those intending 
to do such experiments must notify 
the Health and Safety Commission 
(HSC), an arm of the Department of 
Employment, and will also notify an 
independent Genetic Manipulation 
Advisory Group (GMAG) which will 
advise them of the conditions of con- 
tainment required. The HSC is seek- 
ing powers to enforce the conditions 
recommended by the GMAG, and has 
put forward a set of draft regulations. 

The voluntary code of practice and 
the proposed establishment of a 
national Genetic Manipulation , Advi- 
sory Group are the main recommenda- 
tions of the long-awaited report of the 
Williams Working Party on the Prac- 
tice of Genetic Manipulation, published 
last week with government approval*. 
The aim of the technical guidelines 
and the machinery to put them into 
practice is to protect workers and the 
general public from the: possible 
hazards presented by bacteria énto 
which foreign genes have been trans- 
planted by novel ¢echniques developed 
several years ago in the United States. 

These techniques enable DNA from 
another source (be it human, animal, 
plant, virus or an unrelated bacterium) 
to be spliced on to DNA from a phage 
or plasmid vector and introduced into 
a bacterium. The fear is that bacteria 
modified in this way (especially the 
common gut bacterium E. coll, a 
favourite of the genetic engineers) 
might present unpredictable dangers 
because of the new genes they possess, 
especially if the inserted DNA is not 
properly characterised or is known to 
contain potentially dangerous genes. 
The dangers could apply not only to 
the human and amma! popuiations: 
harmless sotl or plant bacteria into 
which genes from plant disease agents 
have been introduced could possibly 
pose a threat to crops. 

But the advantages, both scientific 
and practical, which may eventually 
accrue from these new techniques are 
go great that there has been enormous 
pressure for the work to go on. Not 
E 
* Report of the Working Party on the 
Practice of Genetic Manipulation 
(Cmnd. 6600, HMSO, 50p). 


only does it make it possible to clone 
particular genes and thus get to grips 
with many tricky problems in genetics, 
but specially engineered bacteria might 
eventually be induced to express the 
inserted genes and act as custom- 
built mini-factories making a valuable 
product quickly and cheaply. 


Code of practice 
The Williams working party was set 
up in response to recommendations 
comained in the Ashby Report which, 
in 1975, first considered the implica- 
tions of the new genetic engineering 
techniques. Its brief was to establish a 
code of practice for conducting these 
experiments as safely as possible, and 
to define the role of the central advi- 
sory group which Ashby proposed. 
This, it was envisaged, would be res- 
ponsible for ensuring that workers 
intending to perform genetic manipula- 
tion experiments were fully conversant 
with the safe microbiological tech- 
miques required. 

Addressing the issue of matching 
particular experiments to the appro- 
priate containment level, the working 
party has distinguished some 20 
separate types of genetic manipulation 
experiment (see table) which they have 
then assigned to one of four levels of 
physical containment. 


© Category I: Experiments must 

carried out in conditions suitable for 
containing common human pathogens. 
(Because the introduction of alien 
DNA into a bacterium might have un- 
foreseen consequences, the working 


‘party recommends that these : precau- 


tions must be taken even when the 
source DNA, the vector and the host 
bacterium are all perfectly harmless in 
themselves). 


® Category II: As I, but in addition 
the laboratory must be sited away 
from areas used by the general public 
and must have controlled air flow and 
an  exhaust-protective cabinet for 
aeroso-producing operations. 


© Category MI : As TI, but in addition 
access to the laboratory must be 
through an airlock only (which should 
contain washing facilities), all effluent 
from the laboratory must be decon- 
taminated, and ¢here should be ‘an 
autoclave inside the laboratory. 


® Category IV: Conditions should be 
equivalent to those already recom- 
mended in the Report of the Working 
Party on the Laboratory Use of Dan- 
gerous Pathogens for the most dan- 
gerous human and animal pathogens. 


(There are only a few such laboratories 


in existence at present, for example 
those at the Center for Disease Control 
at Atlanta, Georgia, and at the Micro- 
biological Research Establishment at 
Porton Down in the UK). 

Genetic manipulation experiments 
can also be made safer using hos 
bacteria and vectors which have been 
disabled so that they cannot grow out- 
side a particular laboratory environ- 
ment. Hosts can be crippled by 
introducing a requirement for some 
particular growth factor not found in 
the human or animal body, and dis- 
abled vectors which can only infect a 
special laboratory strain of host can be 
made. 

The working party acknowledges the 
value of disabled organisms by assign- 
ing a {tower containment level to 
experiments in which they are used, 
and recommends that research to deve- 
lop new and better disabled strains be 
encouraged and the strains be made 
freely available. 


Recommendations for implementation 
The working party’s recommendations 
are also concerned with the machinery 
needed to ensure that the code of prac- 
tice ig in fact followed. It recommends 
supervision at two levels, nationally 


What is suggested ? 


The Williams report recommends that: 
1. experiments in genetic manipula- 
tion, conducted- in appropriate 
conditions of physical and biological 
containment, should be encouraged. 
2. further work should be done on 
the development and characterisation 
of disabled organisms and that any 
which are developed should be made 
freely available to all workers in the 
field. i 

3. no genetic manipulation experi- 
ment should be undertaken in com- 
tainment conditions less stringent than 
those used for work with common 
pathogens. 

4. the code of practice Gn Appendix 
I1) should be adopted as a basis for the 
conduct of these experiments. 

5. every laboratory conducting these 
experiments should have a safety com- 
mittee and a Biological Safety Officer 
6. appropriate training should be 
made available and be required for 
all research workers, technicians and 
biological safety officers in genetic 
manipulation laboratories. 

7. a Genetic Manipulation Advisory 
Group (GMAG) should be established 
to advise on appropriate precautions 
for the conduct of these experiments. 
8. the GMAG should be separate from 
the Dangerous Pathogens Advisory 
Group (DPAG) although there should 
be liaison between the two groups. 
9, a system of voluntary control 
should be established as quickly as 
possible. 

10. regulations should be made under 
the Health and Safety at Work Act 
to require laboratories to submit ex- 
perimental protocols to the GMAG. 
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through the GMAG and, on the labo- 
ratory floor, in the person of a 
Biological Safety Officer, to be 
appointed in every laboratory in which 
genetic manipulation experiments are 
being carried out. 
The Williams working party sees the 
central advisory group as crucial to the 
success. of any control measures. One 
s main functions will be to advise 
ategory into which a particular 
periment should fall and on whether 
- laboratory is competent to carry 
vit out. To do this the GMAG will need 
“to maintain records of the facilities 
“available in different laboratories; it 
should in time establish a register of 
approved laboratories. It should also 
+ review experimental protocols regularly 
and modify the code of practice in the 
light of new developments in biological 
and physical containment, and advise 
on training. The GMAG will be set up 
in the near future with a secretariat 
within the MRC, who will be respon- 









sible to the Secretary of State for 
Education and Science. 

The biological safety officer will be 
the key person in the enforcement of 
correct procedures at the individual 
laboratory level. It will be his job to 
familiarise himself with the required 
techniques, and check that experiments 
are being carried out correctly; he will 
be responsible for training staff, inves- 
tigating accidents and maintaining the 
security of the laboratory. 

Recognising the ‘restraint already 
shown by the scientific community” 
since the voluntary moratorium on 
this work called for by American scien- 
tists two years ago, the working party 
now recommends that certain experi- 
ments which they consider do not 
present a serious hazard (Categories | 
and II, see table) should go ahead 
immediately, subject to notification to 
the GMAG. Experiments which fall 
into categories II] and IV should not 
proceed until proposals have been 





Suggested categorisations for some typical experiments 





Source of nucleic acid Specification Vector/Host System Category 
of nucleic 
acid sequence 
Mammals Random Phage or plasmid/bacteria, IV 
not disabled 
Random Phage or plasmid/bacteria, HI 
disabled 
Purified* Phage or plasmid/bacteria, Hil 
not disabled 
Purified* Phage or plasmid/bacteria, il 
disabled 
Amphibians and reptiles Random Phage or plasmid/bacteria, HI 
not disabled 
Random Phage or plasmid/bacteria, H 
disabled 
Purified* Phage or plasmid/bacteria, H 
not disabled 
Purified* Phage or plasmid/bacteria, I 
disabled 
Plants and invertebrates Random Phage or plasmid/bacteria, H 
and lower eukaryotes not disabled 
Random Phage or plasmid/bacteria, I 
l disabled 
Purified* Phage or plasmid/bacteria, 1 
| not disabled 
Mammals Random Virus capable of infecting TV 
-Amphibians and reptiles man or growing in tissue 
Birds culture cells 
l Purified* Virus capable of infecting HI 
man or growing in tissue 
- culture cells 
Viruses pathogenic to Random Phage or plasmid/bacteria, IV 
vertebrates disabled 
Purified* Phage or plasmid/bacteria, IH 
l l disabled 
Animal viruses, non- Random Phage or plasmid/bacteria, H 
pathogenic to man disabled 
Bacteria specifying Random Phage or plasmid/bacteria IV 
toxins virulent to man disabled 
Plant pathogenic Random Phage or plasmid/bacteria I 
bacteria not disabled 
Plant viruses Random Phage or plasmid/bacteria, II 
po F not disabled 
acteria or fungi Random Ph id/ ri 
non-pathogenic fo man, a ee i 
2 animals or plants 


PEN a s rn ; F ; 
-The term “purified” means fractions with little chance of including any unrecognised 


"extraneous. sequences. It is of course possible to have | i 
Jus. I > i sequences selected because of t 

poog icity and these would raise the level of containment aired ii 

ource: Report of the Working Party on the Practice of Genetic Manipulation (Cmnd. 6600, 


HMSO). 


approved by the GMAG. 

In effect, the working party's tech- 
nical guidelines are very similar to 
those published in July by the US 
National Institutes of Health, though 
there are important differences between 
the American and British approach. 
The US code of practice applies only 
to work carried out with NIH grants; 
the UK recommendations will apply to | 
university government and industria! 
laboratories. The working party has 
also deliberately avoided the precise 
assignment of experiments with named 
organisms to particular categories. 


Statutory control 

The Working Party recommends that 
in the first instance the controls should 
be voluntarily imposed. But the draft 
regulations proposed last week by the 
Health and Safety Commission would 
provide some measure of statutory 
control without special legislation 
having to be passed. 

The Health and Safety Commission 
is a government agency under the aegis 
of the Department of Employment set 
up to administer the Health and Safety 
at Work Act. This Act provides very 
wide powers to bring in regulations 
covering any work which might pose a 
hazard to the health and safety of 
work people and/or the general public. 

The draft regulations, which are 
now being circulated as a consultative 
document to interested parties for 
comment, provide for compulsory 
notification to the Health and Safety 
Executive of all experiments which are 
“intended to alter, or likely to alter, 
the genetic constitution of any micro- 
organism .” As it stands this 
blanket definition would. cover prac- 
tically all bacterial genetics experi- 
ments, and the Executive is asking the 
scientific community to recommend 
which conventional types of experiment 
should be exempted. 

In addition the Executive wants to 
be able to enforce the precautions 
recommended by the GMAG through 
the Executive’s Inspectors. They can 
already enforce general measures taken 
to avoid danger to health, but the Corm- 
mission is inviting comments from any 
interested party on the need to include 
more specific provision for ensuring 
that the GMAG’s advice is taken. 

The ultimate sanction for researchers 
remains the witholding of a grant, 
however, and the working party recom- 


=- mends that, legal enforcement or no, 


government departments, research 
councils and other grant-giving bodies 
make grants conditional upon investi- 
gators following the advice of the — 
GMAG. The working party also hopes 
that scientific papers will include a 
statement of both the physical and 
biological containment procedures. 
used. p 
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FRANCE____ eee 


Musical chairs in science policy 





As talk of changes at the highest levels 
of French government grew last month, 
the country's directors of research were 
already a few steps ahead. A Corres- 
pondent reports 





Tue directors of French scientific and 
technical research have recently been 
involuntary participants in a game of 
musical chairs organised by the govern- 
ment. First, the president of the Centre 
National d'Etudes Spatiales (CNES), 
Professor Maurice Lévy, was dismissed 
by the Minister of Industry and Re- 
search, M Michel d'Ornano, for mak- 
ing concessions to striking staff that 
his assistant had refused to grant in 
his absence. He has yet to find another 
post. On the same day, Professor 
Curien, head of the Department of 
Scientific and Technical Research 
(DGRST), replaced Professor Lévy. 
The move, from a department which 
coordinates and implements all re- 
search policies (except military pro- 
jects) to a directly operational post, 
has drawn much comment. 

A few days later, Professor Curien, 
who was director of the Centre 
National de la Recherche Scientifique 
(CNRS) until 1973, was replaced at the 
head of the DGRST by Professor 
Grégory, who had previously taken hms 
place at the CNRS. Then, to complete 
these acrobatics, which incidentally 
only involved physicists, the director of 
physics at the CNRS, Professor 
Chabbal, became director-general of 
the CNRS at the beginning of August. 

The government—and in particular 
M d’Ornano—has shown in this series 
of decisions an unexpected authority 
and haste at a time when the credibility 
of those in power is constantly weaken- 
ing. The circumstances of the CNES 
affair are fairly clear. The shrewd and 
effective Professor Lévy was forced to 
leave because of the Minister's change 
of mood—a change which neither his 
colleagues nor his advisers, who saw 
the opportunity to bring about other 
changes, sought to influence. A review 
of the allocation of the space budget 
between the programmes of the Euro- 
pean Space Agency and the French pro- 
gramme had been due since European 
agreement on the level of the Agency’s 
activities. The new allocation brought 
about some changes in the CNES bud- 
get which were to make some of its 
staff redundant, particularly at Tou- 
louse. 

With France wanting to guarantee 
Europe’s autonomy regarding applica- 
tions satellites, especially telecommuni- 


cations (the last breath of the great 
Gaullist doctrine of independence), the 
CNES gave priority to completing the 
launcher Ariane. (The Ariane project’s 
director, Yves Sillard, became director 
of the CNES and assistant to the Presi- 
dent a few weeks ago.) Under the 
threat of redundancies, CNES workers 
went on strike. The CNES directors 
were unwilling to give in to the strikers’ 
demands, and maintained their position 
for several days, only to be overruled 
in the end by their president, who took 
the side of the employees, The govern- 
ment, however, intervened. 

The causes of the stir this provoked 
in the research policy establishment are 
more complex. Two main character- 
istics differentiate research in France 
from research in other countries. The 
arrangement in the universities, where 
there is an even split between research 
and teaching, is unsatisfactory; inform- 
ation about what is going on does not 
permit either good financial manage- 
ment or national coordination. In ac- 
cordance with the recommendations of 
the Vilth Plan, the Secretary of State 
for the Universities, who is responsible 
for university research and the CNRS, 
has created a “Research Mission” 
directed by Professor Denisse, who was 
Professor Lévy’s predecessor as presi- 
dent of the CNES. The purpose of this 
mission is to re-organise university 
research. 

The other characteristic of French 
research is the endemic weakness of 
industrial and technical research. 
French industry does not spend enough 
money on research, as M d'Ornano 
recently pointed out in parliament. 
Moreover, public funds normally allo- 
cated to industrial research are often 
put to other uses financing industry. 
The DGRST. which is for the most 
part made up of specialists in basic re- 
search and is directed by a laboratory 
physicist, often has great difficulty 
understanding industrial problems. This 
results in disagreements with other 
administrative departments concerned 
with industry, technology and financial 
management. 

Thus the DGRST often ends up giv- 
ing its funds (FF640 million in 1976) 
to the same laboratories. In an attempt 
to resolve this problem M d'Ornano 
asked the fiery director of the Centre 
National d’Etudes des Telecommunica- 
tions (CNET) for a report on industrial 
research last April. One of the con- 
clusions of the report was that a sub- 
department of industrial research and 
technology should be set up, linked to 
the Department of Research. 
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This proposal was strongly attacked 
by the DGRST: by its staff on the one 
hand who, like any other body, do not 
like the idea of being restructured by 
a logic they do not understand; and on 
the other hand by the director, Pro- 
fessor Curien, who distrusts dyarchies. 
The director was therefore moved to 
the CNRS. He was replaced by Bernard 
Grégory, who is also a former director 
of CERN. The Minister meanwhile 
stated that a technological representa- 
tive will be nominated. 

The proposal was also strongly 
attacked initially by another depart- 
ment, the Department of Mines. 
Although not implied by its title, this 
department is concerned with industrial 
research, It is the fiefdom of “‘mining 
engineers”, a technocratic elite formed 
by the greatest of the “Grandes 
Ecoles”, the Ecole Polytechnique. The 
mining engineers have an undying sense 
of unity: some hold high positions in 
the Administration, others are respon- 
sible for a large number of French 
industrial enterprises. 

With these connections and the 
technical control of enterprises and 
industrial products that have by law 
fallen to it, the Department of Mines 
has developed a very different concept 
of industrial research and development 
from classical French practice since 
1958. It is interested in the traditional 
industries: it tries to encourage collec- 
tive research, common to all firms in 
the same sector; it checks that each 
project follows the objectives of the 
government (in conservation of energy, 
improvement and quality of products, 
working conditions and so on) through 
a complex series of committees. In 
short. it can take action effectively on 
scientific and technical information, 
industrial ownership, standardisation— 
and on funds. 

If the future technological repre- 
sentative does not share its philosophy, 
there will be serious conflicts. And the 
stakes are high, especially for those 
enterprises which draw extensively on 
the research budget. L] 
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EEC uranium scheme 


Last week’s announcement by the EEC 
Energy Directorate of a £400,000 
scheme to support uranium prospecting 
within the EEC member countries 
came just two months after the report 
from Euratom forecasting a shortfall 
in uranium supplies for Europe from 
the end of the decade. Euratom 
expressed concern that there was no 
coverage either by long term contracts 
or from known reserves of Community 
producers, and urged an acceleration 
in exploration and development. The 


Energy Directorate says it hopes the 
new project will discover new uranium 
sources to secure the EEC’s long term 
supply. 


No postgraduate change 


The UK Department of Education and 
Science has declared in a White Paper 
(Cmnd 6611, HMSO, 28p) that it does 
not intend to restructure the arrange- 
ments for supporting postgraduate 
education in Britain. It was respond- 
ing, after a delay of 24 years, to 
Strident criticisms of the system 





voiced by the House of Commons 
Expenditure Committee. The com- 
mittee’s main contention was that post- 
graduate education should be shaped 
chiefly by the needs of the country 
rather than by the demands of poten- 
tial students. The DES, while agreeing 
in broad principle, says that bodies 
like the research councils are already 
sufficiently responsive to these needs. 
The DES also rejects the idea that post- 
graduate grants should be replaced by 
any kind of loan, because the short 
term savings in government expendi- 
ture would not be sufficient, 





In theory, the more data a scientist 
is able to collect, the more accurate 
his work should become. On the other 
hand, a great deal of information is 
expensively collected and then never 
properly used. Sometimes this is a 
symptom of oversupported research: 
a scientist who has to do his own 
field or laboratory work is generally 


careful how he uses his time, but if 
he can deploy a squad of assistants 


he may ask them to make many more 
observations just in case these may, 


eventually, prove valuable. And very 
occasionally they do. But most of the 
results of even the best planned re- 
search remain untouched in dusty 


archives or even end up in the waste 


paper basket, although some work is 
written up and submitted for publica- 
tion before sufficient information has 
been collected. It is not easy to 


decide when is the right time to stop. 


An even more difficult task for the 
research worker is to decide just what 
data should be collected. If, to obtain 
a grant or a fellowship, he has to draw 


up a detailed programme in advance, 


he is unlikely to make the same 
decisions as he would have made 
after he had become immersed in his 
problem, particularly if he were per- 
sonally involved in the details of the 
work and did not delegate to assist- 
ants. It is therefore essential that all 
research projects should have some 
provision for review and redeploy- 


ment at frequent intervals. 


But where a team of investigators 


is involved, such changes of direction 


may be difficult, as all members may 


not agree on just what changes are 


desirable. Even the lone worker may 


be inhibited from modifying his pro- 
‘gramme when he realises that this is 
į] mecessary, in case he upsets the mem- 
| bers of some committee to which he 
į reports. Committee members react in 
this way, and castigate those who 
suggest that their original submission 
was faulty, perhaps because they 
themselves feel guilty for not spotting 


the faults earlier, 

We may collect too many or too 
few data, and we may also amass 
figures which do not provide the in- 
formation that was intended. This is 
unfortunately too common an oc- 
currence, and one which may long 


Testing rainwater 
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go unrecognised, as has recently been 
demonstrated in work on air pollu- 
tion. Many people are studying prob- 
lems which involve the contributions 
to plants and the soil made by the 
various chemicals contained in rain. 
Perhaps the best known is that of 
“acid rain” in Scandinavia, allegedly 
caused by pollutants, particularly 
SO,, released into the air by British 
and European industry and carried 
north by the prevailing winds. Other 
work concerns the growth of crops 
and trees in polluted and clean locali- 
ties. Unfortunately few of those in- 
volved are making systematic analyses 
showing exactly what substances are 
being brought down in the rain. 

To many, including some of the 
investigators, this will appear to be 
a surprising statement, for numerous 





people in many countries are analys- 
ing rainwater samples by the thousand, 
with increasingly accurate methods 
and more and more sophisticated 
equipment. There is little reason to 
doubt the accuracy of their measure- 
ments. Unfortunately they are not, 
for the most part, studying rain, but 
the liquid which they collect in their 
rain-gauges. This is something quite 
different, for it contains not only the 
chemicals which took part in the 
formation of raindrops, and those 
which were collected by the drops as 
they fell through the air, but also 
those which had been deposited, since 
the last shower, on the collecting 
funnel of the rain-gauge. The dry 
deposition on the gauge is generally 
greater, sometimes many times 
greater, than the quantity of the same 
chemical in the rain. If this is not 
realised, and measured, errors of a 


magnitude seldom experienced in 
research may arise. 
Yet there is no excuse for this 


possible error. There is a little pub- 
lished information, available for some 
years, showing how much rainwater 
may differ from rain-gauge water. We 
cannot yet say exactly what the dry 
deposition of materials on any field, 
crop or forest will be, but there is 
much elegant work attempting these 
evaluations, and it is already clear 
that it greatly exceeds that in the rain, 
or even that im the already-enriched 
rain-gauge water. 

Those who have spent time and 
effort analysing rain-gauge water, 
thinking they were analysing rain, 
need not despair. Their data are far 
from useless-—they only fail to give 
the information expected, But this is a 
common phenomenon in science, and 
is one of the reasons to be suspicious 
of too highly orgaised investigations, 
particularly those commissioned by 
customers who think they can guare 
antee that the new information they 
seek can always be provided if only 
the cash is made available. 
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Stratified waters hold the key to the past 


from M. Whitfield 


THE history of the oceans and the 
atmosphere is, so far as we can tell, a 
story of the progressive oxidation of 
the primordial anoxic environment 
(F. T. Mackenzie, Chemical Oceano- 
graphy, Riley, J. P. and Skirrow, G., 
eds, I, ch. 5; 1975). Reducing con- 
ditions on the primitive Earth were an 
essential prerequisite for the formation 
of organic compounds from inorganic 
ingredients by a biological process. 
Oxygen was initially generated by 
photochemical processes in the atmo- 
sphere but large scale oxidation prob- 
ably did not occur until photosynthetic 
blue-green algae began releasing free 
oxygen into the oceans some 3 
billion years ago. 

Over large areas of the present-day 
ocean, a permanent density discon- 
tinuity (pycnocline) arises as a conse- 
quence of the latitudinal variation in 
the intensity of incident radiation from 
the Sun which warms the tropical and 
subtropical surface waters and drives 
the cold polar waters into the ocean 
depths. This stratification stabilises the 
oceanic water column and restricts 
mixing between water in the sunlit 
euphotic zone and water from the 
abyssal depths. It is likely that the 
pycnocline has been an important 
feature of the structure of the oceans 
throughout most of their history (P. K. 
Weyl, Science, 161, 158: 1968). After 
the development of photosynthetic 
cells the pycnocline would also mark 
the boundary between oxygenated and 
anoxic water and the resulting stratifi- 
cation would accelerate the build-up of 
oxygen in the upper laver and enhance 
the evasion of oxygen into the atmo- 
sphere. According to the Berkner~ 
Marshall hypothesis (L. V. Berkner 
and L. C. Marshall, J. atmos Sci., 22. 
225; 1965) the subsequent build-up of 
atmospheric oxygen played a crucial 
part in the development of higher life 
forms since it promoted the switch- 
over from a fermentative to a respira- 
tory metabolism which was essential 
for the development of the nu- 
cleated eukaryotic cells that are the 
essential building blocks of all multi- 


cellular organisms. The concomitant 
strengthening of the ozone layer pro- 
vided a progressively more effective 
shield against ultraviolet radiation 
which made possible the colonisation 
of the energy-rich surface waters of 
the ocean and eventually the colonisa- 
tion of the land. The interplay between 
processes that generate oxygen and 
processes that consume oxygen in 
Stratified waters is therefore of central 
importance to any attempts to under- 
stand interactions between evolving 
life forms and their environment. 

Pictures of a stratified Precambrian 
ocean previously developed to explain 
evolutionary processes (D. C. Rhoads, 
and J. W. Morse, Lethaia, 4, 413; 1971) 
or geological phenomena (H. D. 
Holland, Econ. Geol., 68, 1169; 1973) 
have postulated a rather stable, layered 
system undergoing gradual oxidation 
over the past 2 or 3 billion years. 
E. T. Degens and P. Stoffers in this 
issue of Nature (page 22) relating the 
evolution of the early oceans to the 
recent history of present-day stratified 
waters suggest a more variable and 
dynamic history. 

In strongly stratified systems the 
upper, oxygenated layer is relatively 
alkaline (pH 8 to 9), the levels of the 


major nutrients (nitrate, phosphate, 
silicate} are kept low by the incessant 
biological activity and carbonate 


minerals can be precipitated by in- 
organic or biological processes. The 
lower layer, by contrast, is more acid 
(pH 6.5 to 7) and contains hydrogen 
sulphide and abundant nutrients 
(ammonia, phosphate, silicate) and 
free carbon dioxide resulting from 
the decay of organic matter drifting 
down from the surface. This layer 
is also enriched in metals such as 
iron, manganese and nickel that 
are soluble in the reduced form. In 
the lower layer the variety of life 
forms is restricted to members of the 
sulphur biome (T. M. Fenchel and 
R. J. Riedi, Mar. Biol, 7, 255; 1970) 
probably the oldest ecosystem on earth. 

The stability of the stratified con- 
dition depends on the dynamic balance 


maintained between the water recircu- 
lation (recharging oxygen) and the 
degradation of organic matter (con- 
suming oxygen). A rapid change in the 
depth of the pycnocline will cause a 
hiatus in the water chemistry which 
will leave its record in the sediments. 
A rapid downward movement will 
cause dramatic precipitations of iron, 
manganese and carbomate minerals and 
the corresponding injection of nutrients 


will stimulate plant growth in the 
oxidised layer. This growth will in 
turn increase the oxygen demand 


below the pycnocline and speed up the 
re-establishment of anoxic conditions. 
IF the pycnocline now moves upwards 
some of the precipitated minerals (par- 
ticularly the carbonates) will be re- 
dissolved and the incursion of hydro- 
gen sulphide will ensure a massive 
extinction of bottom-living (benthic) 
organisms. The banded sediments of 
the Black Sea and the East African 
rift lakes observed by Degens and 
Stoffers, with the precipitates forming 
discrete layers rather than being dis- 
persed amongst the regular detritus, 
suggests that the depth of the oxygen- 
ated layer has oscillated widely in 
response to climatic variations and to 
tectonic and erosional forces through- 
out the Holocene and Pleistocene. The 
pattern of variation is strikingly similar 
in the various locations and, further- 
more bears a much closer resemblance 
to Cambrian and Precambrian sedimen- 
tary deposits than de modern oceanic 
sediments. These similarities suggest 
that the trend towards an oxygenated 
ocean might have suffered many 
reversals and that the details of these 
reversals are held in the sedimentary 
record, awaiting interpretation. 

The oscillating pycnocline would 
certainly provide a particularly elegant 
explanation for the widespread banded- 
iron formations (rythmic sequences of 
iron-rich deposits interleaved with iron- 
poor cherts) that first appear in the 
sedimentary record 3 billion years ago 
and disappear fairly abruptly 1.2 billion 
years later. More dramatic upheavals 
of the system could also be engineered 
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to explain the periodic ecosystem 
collapses that have occurred at 
intervals of roughly 150 million years 
since Cambrian times (H. Tappan, 
Palaeogeor., ` Palaeoclimatol. Palae- 
oecol., 4, 187; 1968). The analysis by 
Degens and Stoffers, particularly of 
deep sediment cores taken from the 
Black Sea by_the Glomar Challenger, 
will enable such hypotheses to be 
tested quantitatively and should allow 
more definite statements to be made 
about the stresses that accompanied 
shifts of emphasis in the evolutionary 
process in the oceans. 

_ These reminders of instability may 
also contain a word of warning. 
Natural’ control mechanisms are fairly 


delicately balanced and they often 
work by a process of overshoot and 


damping rather than by rigorous con-. 
trol within fine limits. As the Baltic ` 


countries are finding to their’ cost, 
increased oxygen demand resulting 
from industrial effluent can quickly 
generate oxygen-deficient bottom water 
in an enclosed sea. Similar problems 
have occurred in the Great Lakes of 
North America and have recently been 
reported in Lake Baikal. Furthermore, 
artificial upwellings proposed -both as 
a source of power and as a means for 
stimulating planktonic growth in the 
surface waters of the oceans may also 
generate oxygen-deficient ` bottom 
water unless they are located with care. 


Maintenance and evolution 
of repeated genes in eukaryotes 


from D. Glover 


THE genes for 58 RNA and ribosomal 
RNA are highly repetitive and occur 
as tandemly ‘repeated clusters within 
eukaryotic genomes. These genes are 
separated by ‘so-called spacer sequences 
which are not transcribed. "Two main 
theories have been proposed to explain 
the mechanism by which tandemly 
arranged sequences are kept relatively 
homogeneous and how the genes and 
‘their spacers'have evolved together. At 
the ome extreme, are the sudden cor- 
rection mechanisms such as Callan’s 
“Master-Have” hypothesis’ in which 
many genes are simultaneously cor- 
rected against a master template. At 
the other extreme, 
mechanisms have been proposed which 
involve unequal crossing-over between 
_ homologous chromatids in’such a way 
that variants could be spread or elimin- 
ated ‘from tandem genes. The spacers 
of the genes for 5S DNA and: rDNA 
in Xenopus laevis have now been sub- 
jected to elegant molecular anatysis and 
fie og seth perme Hane a 
lems. ` 

The 5S DNA of X. laevis has an 
_ AT-rich spacer which consists ‘largely 

of repeated units of simple sequence 
DNA (Brownlee et ál., J. molec. Biol., 
89, 703; 1974). Caroll and Brown (Cell, 
7, 467;'1976) have recently described 
evidence which indicates that there is 
' considerable heterogeneity with respect 
to dength in this spacet sequence. 
Cleavage with the restriction en- 
donuclease HindIT! occurs at one site 
.in each 5S gene and generates a series 
of closely spaced bands each of ap- 
proximately 700 base pairs. These 


bands differ in length by regular incre- ` 


ments of 14 base pairs which is the 
| length of the simple sequence unit des- 
cribed by Brownlee er al. Carroll and 


gradual correction’ 


i] 


Brown went on to Seke partial HindII 
digests of gradient purified 5S'DNA, 


and have cloned these fragments. ‘Each 


cloned DNA contains up to five of the 
5S genes within a DNA plasmid of 
E. coli (Cell, 7, 477;. 1976). Denatura- 
tion mapping of these cloned 5S genes 
indicates that adjacent genes can be 
heterogeneous in length. It is unlikely 
that such arrangements could be found 
if sudden correction mechanisms were 
operating during evolution and Carroll 
and Brown come down -strongly in 
favour of a mechanism of tnegual 
crossing over between the AT-rich 
spacers in which the sub-repeats are 


“essentially homologous. 


Wellauer et al (J. molec. Biol., 105, 
461: 1976) have now made a ‘similar 
analysis of the ribosomal genes from 
Xenopus laevis. There are two classes of 
EcoRI fragments which can be excised 
from the gene ur. One of these is ho- 
mogeneous for length whereas the other 
class of fragment is heterogeneous 
for length and contains non-transcribed 
spacer sequences. Four representatives 
of this latter class have been cloned 
within E. coli and then characterised 


by homaduplex and heteroduplex map- - 
' ping. This has' revealed two regions 


within the -non-transcribed spacer 
which vary in iength and seem also to 


consist of repetitious simple sequences, ` 


the subunit of which is shorter than 50 
base peirs in length. In X. Jaevis the 
ribosomal genes of oocytes: undergo 
substantial ampHfication, a process 
which ts thought to occur by a rolling 
circle mechanism ‘of DNA replication 
(Hourcade et al., Proc. natn. Acad. Sci. 
U.S.A., 70, 2926: 1973: Rochaix et al., 
J. molec Biol., 87, 473: 1976. If this 
is so, then one would predict that 


‘molec: 


9 


- would be more homogeneous for length 


than adjacent rDNA genes from 
somatic tissue. Wellauer ef al. (J. 
Biol., 105, 487; 1976) have 
examined heteroduplex structures 
formed between either long aingle- 
strand chromosomal or amplified 
TDNA and a cloned segment of rDNA 
amd have found that this is indeed the 
case. In a third paper, the same group 
has found that not only is there hetero- 
geneity in spacer dengths, but also that 
the pattern of spacer lengths is signi- 
ficantly different from one animal to 
another so that it can be followed as 
a genetic marker (Reeder et dl, J. 
molec. Biol., 165, 507; 1976). The 
patterns of spacer heterogeneity are 
stably inherited from one generation to 
the next and only two animals out of 
50 showed changes in their spacer 
patterns. The mechanism by which 
these two changes arose remains an 
open question. 

The tandemly repeated gene clusters 
of Drosophila melanogaster are also 
producing their share of surprises. The 
tucleolus organisers of D. melanogaster 
are found on both the X and the Y 
chromosome. In wild-type males there 
is apparently no meiotic recombination 
and so the two nucleolus organisers are 
genetically isolated from one another 
on non-homologous chromosomes. The 
rRNA transcribed from either the X or 
the Y seems to be identical however. 


-A single ribosomal gene unit from this 
' organism has been described which 


from the evidence of DNA reassocia- 
tion kinetics also contains about 3,000 
base pairs of internally repetitious 


“simple sequence. There are two major 


size classes of rDNA, one in which the 
repeating gene unit ds 17 Kbases in 
length and the other in which the re- 
peating gene unit ds 11-12 Kb in length 
(Glover et- al., Cell, 5, 149; 1975). 
Tartof and Dawid (on page 27 of’ this 
issue of Nature) have examined the 
distribution of these two units on the 
X and- Y nucleolus organisers and find 
that whereas the 11-12 Kb unit is pre- 
sent on both the X and Y chromo- 
somes, the 17 Kb unit is found only on 
the X. This suggests that indeed re- 
combination is mot occurring between 
the X and Y rDNAs, unless there is 


_ some specific mechanism for eliminat- 


ing the 17Kb units from the Y 
chromosome. 

` The mechanism whereby the identity 
of the rDNA sequences on the X and 
Y chromosomes is maintained 4s 
obscure, and éndeed it will be interest- 
ing to have a comparison of spacer 


‘sequences on the 12 Kb and 17 Kb umts 


which have been cloned in E. coli. The 


Mechanism of the maintainance and co- 


evolution of these tandomly repeating 
genes may turn out to be even more 


' complicated than the experiments with 
adjacent rDNA genes from oocytes ~ 


Xenopus 5S DNA and rDNA suggest. 


10 


T cell recognition 
at Cold Spring Harbor 


from Martin Raff 


The XLI Cold Spring Harbor Sym- 
posium on Quantitative Biology, 
entitled Origins of Lymphocyte 


Diversity, was held on June 1-8, 
1976. 





SINCE the symposium covered most of 
present-day immunology this is an 
attempt to cover just one area—how T 
cells recognise antigen. In my view, it 
was recent progress in this knotty area 
of immunology that provided much of 
the excitement at the meeting. 

While it is clear that membrane- 
bound immunoglobulin (Ig) molecules 
serve as receptors for antigen on B 
. lymphocytes, the nature of antigen- 
specific receptors on T cells has been 
elusive and, for the most part, un- 
productively controversial. Now,’ at 
last, half of the problem seems to be 
resolved, with the demonstration that 
at least one receptor on T cells is a new 
class of Ig heavy(H) chain, which may 
come to be known as “tau” (T). The 
strongest evidence for this was pro- 
vided by H. Binz and H. Wigzell 
(Uppsala University), who, following the 
lead of Ramseir and Lindenmann’, have 
approached the problem using anti- 
bodies directed against antigenic deter- 
minants associated with the antigen- 
binding sites of Ig molecules—so-called 
idiotypic determinants. 

They had previously shown that anti- 
idiotypic antibodies (raised in (Lewis x 
BN) F; rats against Lewis anti-BN 
alloantibodies, or against Lewis T 
lymphocytes) react with both T and B 
cells of Lewis rats which bear recep- 
tors specific for the major histocom- 
patibility complex (MHC) antigens of 
BN rats’. Thus, T lymphocytes seem 
to express some of the same idiotypes 
as conventional antibodies—a notion 
supported by similar findings obtained 
independently by others, in rats’ and 
mice‘. Binz and Wigzell have now 
shown that whereas the idiotype-bearing 
(and BN-amigen-specific) receptors on 
Lewis B ceHs are 8S IgM molecules, 
those produced by T cells are poly- 
peptide chains of molecular weight ap- 
proximately-75,000 daltoms, which may 
exist as dimers and which do not react 
with conventional anti-Ig antibodies 
or with antibodies directed against 
Lewis MHC antigens (which presum- 
ably include activity against both Ag-B 
and J-region-associated (Ia) antigens). 
Moreover, they reported that these in- 


maximally to conventional 


herited idiotypes are genetically linked 
to a Lewis Ig H chain allotype, indicat- 
ing that the idiotype-bearing receptors 
on T cells are coded for in the H- 
chain variable region (VH) gene pool. 
Since the isolated T cell receptors seem 
not to be tightly associated with other 
polypeptides of different molecular 
weight, the simplest view is that single 
or dimeric Ig H chains, having a pre- 
viously undescribed constant region, 
serve as receptors for antigen on T 
lymphocytes. 

The findings reported by K. Eich- 
mann (German Cancer Research 
Centre, Heidelberg) and K. Rajewsky 
(University of Cologne) and their col- 
leagues were consistent with this view. 
They had previously used anti-idiotype 
antibodies raised in guinea pigs to 
show that both T helper. cells and B 
cells in A strain mice use the same 
inherited VH genes for responding to 
Group A streptococcal carbohydrate’. 
They have now found that only those 
anti-idiotype antisera that recognise 
idiotypes genetically linked to H chain 
allotypes (and which are -therefore 
related to the H chain alone) are able to 


stimulate (prime) both T and B cells 


in vivo, whereas those that react with 
idiotypes that require light (L) chains 
for their expression can only stimulate 
B cells In addition, using hapten- 
coupled nylon mesh to purify rabbit 
lymphocyte receptors, they reported 
the presence of WH allotype deter- 
minants on putative T cell receptors 
which bind antigen but fail to react 
with antibodies against constant region 
antigenic determinants of Ig L or H 
chains 

The other side of the T cell recogni- 
tion puzzle concerns the target antigens 
that T cells see. There is increasing 
evidence that T cells only respond 
antigens 
when they see. them in association with 
MHC antleens. Thus, in order for 
cytotoxic T cells to respond optimally 
to viral’. haptenic’ or minor histocom- 
patibiHtv’* antigens on mouse target 
cell surfaces, they must see them in 
association with H-2D or H-2K gene 
products: T cells that proliferate in 
response to antigen-coated ‘“‘macro- 
phages” in vitro, recognise antigen in 
association with the Ta antigens of the 
“macrophage” (ref. 10 and W. Paul, 


National Institutes of- Health): helper 


T cells seem to see antigen in associa- 
tion with Ia antigens (C. Pierce, Har- 
vard Medical School; M. Feldmann and 


‘and one 
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P. Erb, University College London; 
H. Von Boehmer (Basel Institute for 
Immunology) and J. Sprent (University 
College London), and T cells res- 
ponsible for delayed hypersensitivity 
see some antigens (foreign gamma 
globulin, for example) in association 
wih Ja antigens, end others (such as 
dinitrofluorobenzene) im association 
wkh H-2D or H-2K gene products (J. 
Miller, Walter and Eliza Hall Institute, 
Melboume). 

In most of these situations, the asso- 
ciative recognition of MHC antigens 
can involve syngeneic or allogeneic 
MHC determinants; however, the MHC 
context (syngeneic or allogeneic) m 
which antigen is first seen by T cells 
in a primary response is “remembered” 
by the primed T cells and must be the 
same MHC context # these cells are 
to give a secondary response to the 
antigen. This has been shown for cyto- 
toxic T cells (Zinkernagel and Doherty; 
Von Boehmer and Sprent), helper T 
cells (Von Boehmer and Sprent; Pierce; 
D. Katz, Harvard Medical School) and 
T cells mediating delayed hypersensi- 
tivity Miler), and explains most ex- 
perimental results which bad previously 
been considered examples of “syn- 
geneic preference”, where it was 
thought that T cells and macrophages”, 
or T cells and B cells” had to be syn- 
geneic for I-region determinants in 
order to collaborate. The meshing of 
the findings in all of these T cell sys- 
tems is both comforting and exciting. 
Together, the observations underline 
the central importance of the MHC in 
T cell recognition, which must be one 
of the most important advances in im- 
munology m recent years. 

What does this mean in molecular 
terms? If the same inherited VH genes 
are used by helper T ceHs and B cells 
in A strain mice to recognise Group A 
streptococcal carbohydrate’, and the 
helper T cells (but not B cells) re- 
cognise this antigen in association with 
Ta determinants, then it seems highly 
probable that the T cells use a different 
gene product for recognising the Ia 
antigens Since, so far, allelic exclusion 
has only been shown for B cells-it is 
conceivable that two different VH gene 
products are involved, one maternal 
paternal. It seems more 
likely, however, that T cells make two 
genetically independent receptor mole- 
cules, just as B cells make genetically 
unlinked L and H chains; unlike the 


. B cell receptors, however, the two T 


cell receptors may not be physically 
associated on the cell surface. More 
evidence for two independently coded 
T cell receptors is pravided by Heber- 
Katz and Wilson” who found that T 
cells positively selected for reactivity 
against MHC antigens are as effective 
as unselected T cells in helping B cells 
respond to sheep erythrocytes. The 
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pressing need now is to identify the 
putative “second” T cell receptor; less 
pressing is the need to establish 
whether the “antigenic” and MHC de- 
terminants have to be physically asso- 
clated, either on the target cell or 
“macrophage” surface, or as a shed 
complex”. Ia any event, the notion that 
T cells look primarily at a single com- 
pound determinant, in the form of 
antigen-modified MHC glycoproteins 
(“altered-self")“ seems improbable. 

If there are two classes of antigen- 
specific receptors on T cells, the un- 
defined “second” receptor presumably 
recognises mainly self and foreign 
MHC antigens. Yet, Binz and Wigzell 
report” that 35% of Lewis T cells 
label with thelr anti-idiotype antibodies, 
which are thought to react primarily 
with those WH gene products that 
recognise BN MHC determinants. 
Therefore, it seems that both the VH 
and the putative “second” T cell re- 
ceptor gene pools may be heavily 
committed to recognising MHC antt 
gens and that Jerne may have been 
right—yet again. 

With the demonstration that Ia anti- 
gens are important In associative recog- 
nition by T cells, the list of I-region 
functions continues to grow. Various 
Ta antigens have now been identified 
on the surfaces of B cells and “‘macro- 
phages” (see ref. 17), suppressor (D. 
Murphy and L. Herzenberg, Stanford; 
M. Feldmann, University College Lon- 
‘ don) and hetper (Murphy and Herzen- 
berg) T cells, on enhancing and sup- 
pressing factors probably produced by 
macrophages (Feldmann and Erb) and 
T cells (T. Tada, Chiba Universty, 
Japan; and ref. 18), and on ‘acceptor 
sites for such factors on T (Tada; 
Feldmann and Erb) and probably B 
lymphocytes". The simplest view is that 
most, if not all I-region loci are in- 
' volved with T cell responses or T cell 
regulation of B cell function, and that 
the I-region Immune response (Ir) 
genes, which regulate T-cell dependent 
immune responses to a variety of spe- 
cific antigens, exist at many, if not all, 
of these different loci, and. do not 
primarily code for T cell receptors. 
That immunity to a singl antigen can 
be controlled by more than one Ir 
gene has already been established (B. 
Benacerraf er al., Harvard Medical 
School; and refs 18-21) as has the fact 
that these genes can be expressed in 
macrophages (or in cells that copurify 
with macrophages)”. 

Until now, the biology of T lympho- 
cytes has lagged well behind that of 
B cells—but the pendulum has reversed 
its swing. Unravelling the functions, 
blochemistry and genetics of the pro- 
ducts of the MHC, now recognised to 
be central to T cell function, is pro- 
viding most of the action in immun- 
ology these days and the Cold Spring 


Harbor Symposium was a celebration 
for those involved. . 
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Finding a niche 
from Peter D. Moore 


THERE are few terms in ecological 
jargon which are used more frequently 
than the ‘ecological niche’ and there 
are few which have been used so 
loosely. This is particularly true in plant 
ecology where there have been few 
attempts to construct working defini- 
tions. The use made of the term by 
Elton (Animal Ecology, Sidgwick and 
Jackson, London; 1927) was essentiaily 
applicable to animals and referred to 
the role of a species in a community as 
far as its feeding and competitive inter- 
actions are concerned. In autotrophic 
plants the variety of functional roles 
available is obviously severely limited, 
‘so the Eltonian concept of niche has 
not proved particularly valuable. 
Hutchinson (The Ecological Theater 
and the Evolutionary Play, Yale Uni- 
versity Press, New Haven; 1965) has 
provided a concept of ‘niche’ which is 
of much greater value to plant scien- 
tists. If one considers all the possible 
environmental factors which influence 
a species, and the organism’s response 
to these factors, then these. can be 
regarded as axes in multidimensional 
space. Each species thus occupies a 
definable volume of ‘hyperspace’, which 
represents the set of conditions under 
which the species can survive. This 
potential or ‘fundamental’ niche, may 
not be identical to its ‘realised’ niche, 
for competitive interactions between 
species, whose fundamental niches 
overlap may result in their restriction 
within their potential volume. Wuen- 
scher (in Handbook of Vegetation 
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Science No. 6, edit. by Strain, B. R. and 
Billings, W. D., 39, Springer Verlag, 
Berlin, 1974) has discussed the Hut- 
chinsonian concept of niche as it 
applies ¢o plants and has also stressed 
how the concept goes beyond that of 
simple habitat. Any point within niche 
hyperspace can be described by the co- 
ordinates of all the environmental 
variables (habitat factors) and the 
response of the organism to these fac- 
tors. The response element carries the 
niche concept beyond that of habitat 
alone. 

In a communky it is to be expected 
that the component species will occupy 
adjacent hyperspace volumes, since 
their basic habitat requirements will be 
similar In this case, the introduction 
of a new species can only be successful 
if other species are permanently dis 
placed from at least part of their 
former niches. Total displacement will, 
of course, result in extinctions. An 
example of this situation was described 
in some detail, by Zaret and Paine 
(Science, 182, 449; 1973) following the 
introduction of an exotic cichlid fish, 
Cichla ocellaris, into Gatun Lake in 
the Panama Canal Zone. This pre- 
datory species caused considerable 
simplification in community structure 
by supplanting several native species. 
Examples from the plant kingdom are 
not as well documented, but they cer- 
tainly exist. The abundance of the 
sycamore (Acer pseudoplatanus), in- 
troduced into British woodlands prob- 
ably in the early sixteenth century, has 
almost certainly been achieved only at 
the expense of native species, but it 
would be difficult to prove this. 

There are situations in which an 
introduced species appears to have no 
deleterious influence upon the native 
components of a community. If guch 
a situation does occur, # implies that 
the niche of the invading species has 
no volume of overlap with those of the 
natives. It has recently been claimed by 
Hudson (Brit. Birds, 69, 132; 1976) that 
the North American ruddy duck 
(Oxyura jamaicensis) which has be- 
come feral in Britain over the past 30 
years, has occupied a ‘vacamt niche’ in 
that its ecological requirememts overlap 
little with such native diving ducks as 
the pochard (Aythya ferina) and tufted 
duck (A. fuligula). In Hutchinsonian 
terms, the niche can only be defined in 
terms of environment and species res- 
ponse, so strictly one should not speak 
of ‘vacam niches’, however the idea of 
an untapped environmental resource ig 
often referred to in this way. The for- 
mer vacancy in hyperspace can only be 
recognised in retrospect. 

Danin (Oecologia, 251; 1976) has 
recently conducted a survey of annual 
plant species under desert conditions in 
the Dead Sea Valley of Israel. He 
showed that diversky falls with increas 
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Man’s first picture of the surface of 
Venus caused great interest and some 
surprise as it revealed that Venus, 
like Mercury, Moon and Mars, had a 
cratered surface. The picture was 
obtained using simultaneous Doppler 
and time delay processing of 12.6 cm 
wavelength radar echoes reflected 
from the surface (Rumsey ef al., 
Icarus, 23, 1; 1974), Looking at a 
1,500 km diameter circular area at 
the centre of the planetary disk on 
June 20, 1972, they found it to be 
nearly flat but cratered. The biggest 


crater was 160 km in diameter, the. 


floor appearing to be on the same 
level as the surrounding terrain but 
with the rim 500 m above the floor. 
By contrast a lunar crater of this size 
would be about seven times deeper. 

Venus and Earth have fairly similar 
masses and both seem to have large 

raised regions on their surfaces. The 
“continents” on Venus do not appear 
to be isostatically compensated so 
that active internal convection may 
be taking place coupled with a degree 
of surface volcanism. Craters will be 
formed both by volcanic activity and 
by meteoritic activity; however, the 
information needed to determine 
which phenomenon is more likely is 
still, Jacking. 

Michael Tauber and Donn Kirk 
(NASA-Ames Research | 
have now attempted to determine the 
sizes of the stone and iron meteoroids 
which can penetrate the atmosphere 


of Venus and cause hypervelocity im- 


pact craters on the planet’s surface 
(Icarus, 28, 351; 1976). Obviously the 


surface pressure of 90 atmospheres . 


and: the atmospheric density of 64 kg 
m`’ present a major obstacle to the 
passage of meteoroids Ninety per- 
cent of the meteoroids will have 
atmospheric entry velocities ranging 
from 10 to 40 km s"' and if all of the 
kinetic energy lost by atmospheric 


ing soil salinity until eventually, in 
highly saline conditions, only one 
species, Mesembryanthemum nodiflo- 
rum, survives. Danin describes this 
gradient as one in which a physiological 
stress reduces the number of niches 
until, under extreme stress, a one niche 
habitat results. This situation does not 
preclude competitive interplay, but 
demonstrates the superior growth 
potential of the surviving species under 
the stress conditions In the Hutchin- 
sonian sense it can thus be termed a 
one niche habitat What one must not 
discount, however, is the possibility 
that there could be unrecognised oppor- 
tunkies even here for species which 
haye eHher not yet invaded, or may 
not even yet have evolved in the area. 
Could one term such an availability of 


Center) 


drag was available to heat and. vap- 
ourise the meteoroid no meteoroids 
less than 10" kg in mass would survive 
passage through the atmosphere 
Actually only a small fraction of this 
energy goes to heat the body, the great 
majority’s being lost as it heats the 
atmospheric gases The complex inter- 
actions between the body and the high 
temperature-high pressure shock 
layer surrounding it make the mass 


Venusian craters 


from David W. Hughes 


loss calculations very difficult. Tauber 


and Kirk find that bodies over 10* kg 
only lose a few percent of their mass 
by vapourisation, mainly because 
entry takes place so quickly. The 
velocity of the body can decrease 
drastically though. 

A hypervelocity umpact crater 1s 
produced when the shock pressure at 
the impact point exceeds the com- 
pressive dynamic strength of the tar- 
get material. Venera 8 measurements 
suggest that Venus has a granite-like 
surface material and the authors cal- 
culate that basalt and iron projectiles 
with velocities greater than 1.1 km 
s~ and 0.7 km s~ will produce hyper- 
velocity impacts and craters. For 
basalt and iron particles they find that 
it is only those larger than 100 m and 
40 m that have final velocities above 
these limits. One complication is the 
possible mechanical break-up of the 
body before impact. This is caused 
by a combination of thermal stress 
from frictional heating and also air 
pressure acting on the high speed 
body as it is retarded in the atmos- 
phere. Frictional heating is confined 
to a thin shell and probably does not 
affect large meteoroids. The atmos- 
pheric forces on the other hand 
become very large and may exceed 
the compressive strength. It seems 


opportunity, such untapped resource 
potential — such unoccupied hyper- 


space, a vacant niche? 


Nuclear polysomes 


from J. R. Tata 


CeLL biologists often emphasise the 
intracellular segregation of transcrip- 
tion and ‘translation between the 
nucleus and cytoplasm as a major dis- 
tinguishing feature between eukaryotes 
and prokaryotes Every so often, how- 
ever, fresh controversy is generated by 
reports that challenge the validity of 
this imtracellular compartmentation of 
macromolecular synthesis by demon- 
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that for large bodies this only happens 
for a second or so before impact so 
there is not enough time for the 
cracks to spread throughout the body 
or for fragments to separate signi- 
ficantly So on Venus this effect dots 
not change the size of the crater pro- 
duced. The authors calculate that a 
stone meteoroid | km across, enter- 
ing the Venusian atmosphere at 
40 km s7' will produce a crater 33 km 
in diameter, This diameter ts pro- 
portional to the sixth power of the 
particle’s density and its kinetic 
energy raised to the power 0.28. They 
also find that the smallest hyper- 
velocity impact crater on the surface 
of Vehus is about 150 to 300 m across. 
This contrasts dramatically with the 
Moon which has no atmosphere to 
retard or fragment the meteoroids 
and is pockmarked with craters of all 
sizes greater than a fraction of a 
micrometre 

Venera 8 measurements (Icarus, 
20, 407; 1973) indicate very low sui- 
face winds on Wenus so the crater 
structure may be preserved for long 
periods of time. The radar picture 
taken by Rumsey er a! had a resolu- 
tion of about 12 km, so‘it cannot be 
used to test Tauber and Kirk’s theory. 
Radar mapping fram a planetary 
orbiter, or radar using the Arecibo 
radio telescope could provide the 
resolution In fact photography from 
a probe descending through the 
Venusian atmosphere is possible ‘as 
the daylight illumination level at the 
surface is thought to be about 2% of 
that on Earth. The discovery of 
primary impact craters smaller than 
the 150-300 m -calculated above 
would indicate that the impacts oc- 
curred when the atmosphere of Venus 
was less dense than it is now. So 
crater size distribution thus provides 
a straightforward indication of at- 
mospheric evolution 


strating that nucle: can also synthesise 
proteins (for a review, see Kuehl, in 
The Cell Nucleus, edit by Busch, H., 
3, 345, Academic Press, New York, 
1974), Many such claims have had a 
short life since these are based on in- 
direct evidence, or fail to identify a 
special class of proteins synthesised 
within the nucleus. Perhaps the most 
important reason for the controversy 
over whether or not the nucleus posses 
ses a protein synthetic apparatus may 


- reside in the ease with which isolated 


nuclei are contaminated with cyto- 
plasmic polyribosomes (Penman, J 
molec Biol, 17, 117; 1966), particu- 
larly those associated with the peri- 
nuclear endoplasnmic reticulum (Lewis 
and Tata, J Cell Sci, 13, 447, 1973). 

Jo Alene Goidl and coworkers at the 
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Roche Institute in New Jersey have 
now managed to demonstrate polyribo- 
some-like structures from isolated 
HeLa cell nuclei meticulously freed of 
contaminating cytoplasmic polysomes 
by detergert treatment (Goidl er al., 
J. biol. Chem , 250, 9198; 1975). Expo- 
sure of these nuclei to polyanions 
(heparin, RNA and particularly poly 
(U)), which are known to disrupt nu- 
clear structure (Coffey et al., Adv. En- 
zyme Regnt, 12, 219; 1974), caused the 
release of particles of 200-300 A in 
diameter. These unique particles were 
shown, in a heterologous translation 
system derived from Ehrlich ascites 
cells, to comprise mRNA or pre- 
cursors of mRNA associated with ribo- 
somes and the complex itself was 
shown to be able to carry out trans- 
lation. Goidl and her colleagues also 
found that poly (U) used for the dis- 
ruption of nuclei was not associated 
with these nuclear polysomes; yet they 
were capable of polypeptide chain 
elongation but not initiation, as judged 
by effects of inhibitors of cellfree 
protein synthesis. These findings may 
have some relevance to those of 
Bachellerie et al. (Eur. J Biochem., 
S8, 327; 1975), who characterised trans- 
cription ‘complexes of ribosomes and 
particles containing HnRNA still bound 
to chromatin derived from nuclei of 
ascites hepatoma and Chinese hamster 
ovary cells. The question of whether 
such complexes synthesise proteins 
within the nucleus or whether they 
are ‘packages’ for transport of mRNA 
into the cytoplasm, as Harris (Nucleus 
and Cytoplasm, Clarendon Press, 
Oxford; 1974) suggested, is still open. 
Be that as it may, in view of the past 
controversy about protein synthesis by 
isolated nuclei, Goidl er al., quite pru- 
dently, still do not state categorically 
that their polyribosomal material is 
exclusively nuclear but imply that if 
these complexes are of cytoplasmic 
origin, then their release from the nu- 
cleus somehow requires disruption of 
chromatin. 

In a wider comtext, two questions 
concerning the capability of protein 
synthesis by nuclei have now to be con- 
sidered. First, if they do have this func- 
tion, do they make special classes of 
proteins? There are periodic but often 
unconfirmed reports of such special 
proteins exclusively made in the nu- 
cleus, but it is almost certain that the 
major nuclear proteins (histones, 
acidic chromosomal proteins, DNA and 
RNA polymerases) are synthesised in 
the cytoplasm. Second, what is the 
likely magnitude on a cellular basis, of 
protein synthetic activity in the nu- 


‘cleus? By isolating detergent-washed 


nuclei from sea urchin blastula cells, 
labelled in vivo with *H-leucine, Allen 
and Wilt (Expl Cell Res., 91, 151; 


1975) concluded that no more than 
02% of the total cellular nascent poly- 
peptides could be recovered with the 
nuclei, Perhaps this figure may be 
higher for nuclei or other cells, such 
as thymus or nucleated erythrocytes, 
but it is still likely to be quite low. 
Whatever the extent of protein syn- 
thetic activity of the nucleus. Goid! and 
her colleagues have certainly reopened, 
and with convincing evidence, an old 
controversy. Past critics will certainly 
find new reasons to disbelieve transla- 
tion of any RNA within the nucleus. 
One has only to go back fifteen years 
to recall the controversy raging around 
protein and nucleic acid synthesis in 
mxochondria to draw a useful lesson 
and keep an open mind on this un- 
solved problem. O 


Estimating maximum 
quake magnitudes 
from Peter J. Smith | 


ACCORDING to a well known empirical 
formida, the number (N) of earth- 
quakes per unk time exceeding any 
magnitude (M) is given by log N= 
a+5M. Both a and b are usually des- 
cribed as positive constants, although 
they are not umiversally constant: a 
varies greatly from region to region 
and b, though generally more res- 
tricted, varies with region, focal depth 
range and in some areas even with 
magnitude. Irrespective of these varia- 
tions, however, implicit in the general 
relationship is the existence of an 
upper mit on earthquake magnitude. 
If a and b are taken to be the averages 
for worldwide earthquakes, this limit 
turns out to be about 9.0. 

It would appear from the work of 
Perkins (Earthquake Inf. Bull., 
pp 18-23, July 1972). and others that 
this maximum magnitude may be 
established on the basis of worldwide 
earthquake statistics covering the 
period of only the past 50-70 yr, during 
which time # may safely be presumed 
that at least ome event of - roughly 
maximum magmtude has actually 
occurred (for example, the magnitude 
8.9 earthquakes of Colombia in 1906 
and Japan in 1933). Unfortunately, the 
establishment of a global upper magni- 
tude is largely of academic interest. A 
more common practical problem (for 
example, in the field of earthquake 
engineering) is the assessment of the 
likely maximum magnitude of earth- 
quakes within a restricted local region 
where the seismic statistics are but a 
depleted subset of the global total 

In local areas where earthquakes are 
clearly associated with faults, a very 
rough estimate of likely maximum 
magnitude along a given fault may be 
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made from curves of fault length 
against magnitude based on recent 
seismic experience. Unfortunately, 
however, the correlation between earth- 
quake magnitude and surface rupture 
is poor and varies with fault type. In 
regions where the faults are less clear, 
the prediction of the upper limit is 
even more uncertain; it can only be 
assumed that the earthquake of highest 
magnitude ever recorded in the area 
could be repeated anywhere within it 
The drawback of such a method is 
obvious An earthquake of the highest 
possible magnitude for any given zone 
may not have been recorded in the 
zone in historic time. Moreover, the 
period covered by local seismic sta- 
tistics may be quite insufficient to 
define an expected maximum mag- 
nitude on the basis of the formula 
involving a and b. 

But how long a sampling period 
would be adequate? According to S. 
W Smith (Geophys. Res Lett, 3, 351; 
1976), if the Earth’s major seismic 
zones with a total length of about 
80.000 km produce several maximum 
magnitude earthquakes in S50 yr, then 
20.000 yr of seismic monitoring would 
be needed to give comparable statistics 
on a local scale of, say, 100 km. Need- 
less to say, such long term monitoring 
is out of the question. On the other. 
hand, it is quite feasible in principle 
to obtain fault displacement over a 
comparable period from the geological 
record. What is required. then, is some 
way in which, in the absence of an 
adequate seismic record, the geological 
record may be meade to yield an 
estimate of maximum seismic 
magnitude. 

The essential link between geological 
data and earthquake statistics, Smith 
proposes, is seismic moment. As defined 
in the dislocation theory of faulting, 
the seismic moment of an event is the 
product of rigidity, fault area and the 
average slip over the fault during the 
event. This relationship was exploited 
some years ago by Brune (J geophys. 
Res, 73, 777; 1968) who used it to 
estimate the total slip along major 
fault zones by summing the seismic 
moments of recorded earthquakes. 
Smith now reverses the process by 
using the geological record of total 
fault slip to determine the total historic 
seismic moment on a fault This total 
moment is then fed into an expression 
for maximum magnitude obtained by 
integrating the moments of all earth- 
quakes along the fault up to the 
maximum magnitude. 

Inevitably, such a process imvolves 
assumptions. One {s the taking of an 
empirical relationship of the form 
log Y=c+dM between moment (Y) 
and magnitude (M). Another is the 
validity of the original N-M relation- 
ship. It must also be assumed that the 
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scismicity is a stationary process on a 
time scale of thousands of years and 
that during those years the maximum 
earthquake has occurred at least once. 
Finally, implicit in the method is the 
assumption that the observed geological 
displacement along the fault is due to 
earthquakes rather than creep, for any 
sigmficant component of creep would 
lead to an overestioration of the 
maximum expected magnitude. 

The need for these assumptions and 
natural deftciencies in the basic geo- 
logical data combine to ensure that 
the method is less than perfect. On the 
other hand, as Smith points out, it 
does have the mert over existing tech- 
niques of making greater use of 
geological information. In any event, 
application of the method predicts 
maximum magnitudes of 8.2-8.4 for 
the first order branches (for example, 
the Calaveras fault) of the San Andreas 
fault system, 6.3—6.5 for lesser branches 
(for example, San Simeon) and 6.3 for 
still lesser branches (for example, West 
Huasna), Whatever the validity of these 
figures (compare magnitude 8.3 for 
the 1906 San Francisco shock) they 
are certainty more precisely defined 
than those obtained from fault length- 
magnitude curves. For a 200 km fault, 
for example, the conventional tech- 
nique would omy give an upper limit 
in the looser range 7.3-8.5. O 


Poly(ADP-ribose) 


from Mark Smulson and Sydney Shall 





The fourth International Workshop 
on poly(ADP-ribose) was held in 
Hamburg on August 2-4, 1976, was 


sponsored by the Deutsche For- 
schungsgemeinschaft and organised 
by Professor Helmuth Hitz. 


THE enzyme poly(ADP-ribose) poly- 
merase requires DNA and catalyses 
the successive transfer of ADP-ribose 
units from NAD to histones and other 
proteins associafed with chromatin, the 
net result being negatively charged, 
short polymers covalently attached to 
nuclear proteins. 

The workshop concentrated on three 
main themes; possible biological roles 
for this modification, definition of the 
nature and chemistry of the protein 
acceptors of the polymer, and the puri- 
fication and characterisation of the 
enzyme itself. The most exciting 
advance in.the area was experiments 
suggesting that poly(ADP-ribose) cross- 
links chromosomal proteins. P. R. 
Stone and W. R. Kidwell (Nationa! 
Cancer Institute, Bethesda) reported 
that after incubation of HeLa cell 
nuclei with NAD, a dimer of histone 
H1 can be isolated containing one link- 





ing chain of 15 ADP-ribose residues. 
Further evidence for this structure was 
provided in the previous week in a 
lecture at the International Congress 
of Biochemistry in Hamburg by G. 
Dixon (Calgary Medical School, 
Canada): he suggested either an inter- 
or antramolecular covalent linkage by 
way of poly(ADP-mbose) between glu- 
tamic acid residues near the amino 
terminal and carboxy! terminal] ends of 
trout sperm histone H1. Since the con- 
centration of poly(ADP-ribose) in in- 
tact HeLa cells reaches a maximum af 
the SG2 phase boundary, Kidwell sug- 
gested that the crosslinking property of 
poly(ADP-ribose) for histone HI (and 
perhaps non-tistone protein acceptors 
as well) might function to link widely 
spaced H1 molecules along internucleo- 
some regions and hence condense 
chromatin. This model was supported 
by the finding (M. Smiudson, George- 
town University, Washington) that 
enzyme activity can be detected in 
internucleosome regions of chromatin 
and not on isolated nucleosomes. 

Extensive purification of the enzyme 
thas been accomplished independently 
in at least four laboratories. Okayama, 
Ueda and Hayaishi (Kyoto) have 
found during their 7,000-fold purifica- 
tion that an endogenous acceptor for 
ADP-ribose copurifies with the enzyme; 
and it may not be a skmple protein. 
Histones decrease the Ky for NAD in 
their preparation. Confirmatory results 
were reported by K. Yoshthara (Nara 
Medical School, Japan). Both S. Shall 
(University of Sussex) and P. Mandel 
(Centre de Neurochimie du CNRS, 
Strasbourg) suggest the loss of an in- 
hibitor of the enzyme during their 
purifications. In addition, Shall and 
coworkers have estimated the K, for a 
number of poly(ADP-ribose) poly- 
merase inhibitors which tum out to be 
also cyclic AMP phosphodiestrase in- 
hibitors, with higher affinity for the 
poly(ADP-ribose) polymerase, suggest- 
ing that some biological effects attri- 
buted to cyclic AMP from inhibitor 
studies, might really be due to poly- 
(ADP-ribose). Certain NAD analogues 
were reported to be incorporated into 
poly(ADP-ribose) chaing (R. Suha- 
dolnik, Temple University). 

Various new data on chromosomal 
protein acceptors for poly(ADP-ribose) 
were presented. M. G. Ord and L. A. 
Stocken (University of Oxford) find 
that histone H3 as well as H1 has ADP- 
ribose. Hilz and coworkers (Hamburg, 
Germany) have found heterogeneity 
both in the acceptors among non- 
histone proteins and in the sensitivity 
of the covalent linkage to cleavage. 
The proportion of monomer and poly- 
mer varies with changes in cellular 
proliferation rates. M. Miwa and T. 
Sugimura (Nationa! Cancer Centre, 
Tokyo) have been able to detect poly- 
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mer chains wih equal (ADP-ribose) 
units but with different phosphate 
termini by acrylamide gel electro- 
phoresis. 

One frustration has been the hetero- 
geneity in the “tentatively” reported 
covalent linkage of the first ADP- 
ribose to histones. The proposed Hink- 
ages include attachments from C-l 
ribose to glutamyl carboxyl and 
threonyl hydroxyl by way of glycosidic 
bonds, to seryl phosphate by way of 
an ester bond or N-glycoside to 
arginine, and a possible Schiff base 
linkage. Much work clearly needs to be 
done in this area, but the heterogeneity 
of acceptors between histones and 
non-histone proteins suggests that vari- 
ous covalent attachment sites will ulti- 
mately be established. 

The development of new ultrasensi- 
tive assays, includmg fluorometric 
determination (Mandel and radio- 
immunoassays (Miwa and Sugimura; 
Bredehorst and Hilz; Kidwell) for quan- 
titation of poly(ADP-ribose) in cellular 
extracts, have produced substantial, 
but still far from definitive progress 
towards assigning a biological function 
to this fascinating chromosomal protein 
modification system. Reports at the 
workshop suggest that ADP-ribosyla- 
tion, like other nuclear protein modi- 
fications such as phosphorylation, 
probably has multiple functtons all 
revolving around specific large or small 
structural pertubations of chromatin. 
Increases in enzyme activity are noted 
in SV40 transformation of cells (M. 
Miwa and T. Sugimura) for example; 
in induction of globin mRNA in Friend 
cells (E. Rastl, Exnst-Boehringer- 
Institut, Vienna) and an interesting 
correlation was descobed by A. Caplan 
(Case Western Reserve University, 
Cleveland) between intracellular NAD 
levels, poly(ADP-ribose) polymerase 
activity and the differentiation of 
mesenchymal cells either to muscle or 
cartilage. 

Experimental approaches which 
make use of the effect of cytotoxic 
DNA-alkylating agents on poly(ADP- 
ribose) polymerase activity and vice 
versa also indicate that poly(ADP- 
ribose)-induced changes in chromatin 
structure may be important in repair 
of DNA damage. Fragmented sites 
seem to be a signal for increased in 
vivo activity of poly(ADP-ribose) poly- 
merase (groups at Georgetown and 
Sussex). 

On the basis of data showing accu- 
mulation of poly(ADP-ribose) in mid-S 
phase and again in the G2 phase of the 
cell cycle (Kidwell) there was also 
speculation that chromatin repair and 
housekeeping must occur after the first 
peak of S phase, perhaps by way of 
polyADP-ribosylation relaxation of 
chromatin, and again in early G2 phase 
for cells to complete a norma! cycle. 
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Background of modern comet theory 


Fred L. Whipple* 


The modern understanding of comets dates from the publication in the early 1950s of three crucial 
ideas: that of a comet cloud around the Sun, that of the dirty-ice comet nucleus, and that of the “solar 
wind” to explain the comet tail. Starting from those three ideas, the observations of the past 25 years 
have led to the explanation of all the mysterious and sometimes spectacular phenomena associated 


with comets. 





ANCIENT records indicate that extremely bright comets ter- 
ried almost everybody. Their erratic, unpredictable and 
mysterious activities seem to have touched off a basic 
human fear of the unknown, not just a fear of dangerous 
atmospheric objects which comets were assumed to be. This 
primitive fear, no doubt exploited by man’s spiritual ad- 
visors throughout history, was still being exploited in this 
century. Entrepreneurs, for example, sold “comet pills” as 
preventative medicine against the noxious yapours from 
Halley’s comet during its apparition in 1910. Chinese 
astronomers, incidentally, recorded Halley’s great comet in 
239 Bc and probably as early as 467 Bc’. 

Tycho Brahe of Denmark was the first to undermine the 
basis for this fear. He removed comets from the upper 
atmosphere and placed them in the sphere of modern 
scientific research by proving that the bright comet of 1577 
moved in interplanetary space at a greater distance from 
Earth than the Moon. Sir Isaac Newton then applied gravi- 
tational theory to comets and calculated the first periodic 
orbit for a comet—that of 1680. Applying Newton's 
methods, Edmund Halley first predicted correctly the return 
of a comet, alas posthumously, when he identified the 
bright comet of 1682 as the return of comets seen in 1607 
and 1531. His words: “therefore, if # should return accord- 
ing to our predictions about the year 1758 impartial 
posterity will not refuse to acknowledge that this was dis- 
covered by an Englishman.” Hereby acknowledged! 

Since about 1700, the discovery, the meticulous observing 
and the calculating of orb¥s for comets has been a major 
astronomical enterprise. Marsden’s’ Catalogue of Cometary 
Orbits lists 21 orbits in the seventeenth century; 63 in the 
eighteenth; 308 in the nineteenth; and 513 in the twentieth 
(until 1975). In all, the catalogue includes 964 apparitions 
of 625 individual comets of which 102 have periods less 
than ~150yr. One must admire and be grateful for the 
patience, persistence and careful workmanship of the com- 
etary astronomers who have given us so much invaluable 
basic information. But a knowledge of the precise orbits 
and appearance of many comets was only a necessary pre- 
fude to understanding their true nature. The phenomena of 
comets are produced by physical and chemical processes, 
which ħad to be ferreted out step by step. Some of these 
major steps are described in this paper. 

Kepler, although he did not understand the orbital motion 
of comets, sought to explain earlier observations that comet 
tails point away from the Sun “by the supposition that a 
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tall is formed by rays of the Sun which penetrate the body 
of the comet and carry away with them some portion of its 
substance.. He thereby anticipated the phenomenon of 
solar radiation pressure as a major factor in the formation 
of comet tails, although the phenomenon itself was not 
demonstrated theoretically until much later by Clark 
Maxwell, and in-the laboratory by Lebedev in 1901. Bessel, 
in 1836, initiated the mathematical] analysis of a solar re- 
pulsive force on particles*ejected from comets and forced 
into their tails, although he looked on the force as electrical 
or magnetic. Bredikhin, in 1903, further developed and 
applied the theory to account for the observed highly curved 
dust tails. Theoreticians, however, remained frustrated in 
their attempts to explain motions in the great straight tails 
by means of solar radiation pressure alone. Accelerations 
exceeding a hundred times solar gravity, even on light ion- 
ised atoms or molecules, require a force that is much better 
coupled than solar radiation. 

Schiaparelli, in 1866, made a major step in understanding 
comets when he identified the orbit of the Perseid meteor 
stream of August with that of Tuttle’s comet of 1862, thus 
proving that comets lose solid bodies and therefore must 
contain them intrinsically. Two years earlier Donati made 
the first spectroscopic observations, a start towards the later 
identification of the bands and Jines of radicals, atoms and 
ions and of the continuous spectrum reflected by dust. By 
1911 Schwarzschild and Kron had identified the funda- 
mental fluorescent process by which the band spectra are 
produced. Solar radiation is absorbed in ground energy 
levels of atoms or molecules, producing excitation. Fluo- 
rescence or reradiation then follows by cascading from high 
energy levels through various lower levels. Because of low 
space densities and dilute solar radiation the higher energy 
levels are erratically filled, depending on the intensity of the 
solar radiation at the specific wavelengths of transitions 
from the ground levels. Thus the relative intensities of lines 
in the band spectra are distorted from their laboratory 
counterparts. Swings’ demonstrated in 1941 that the vari- 
able Doppler effect of a comet’s velocity with respect to the 
Sun changes the critical wavelengths absorbed from the 
solar spectrum by cometary particles. Irregularities in the 
spectra then produce variations in the cometary spectra so 
that the distorted bands change their appearance with time. 

Thus in the 1940s it was recognised that bright comets 
such as Halley’s near perihelion (0.59 AU: 1AU=the 
Earth-Sun distance) lose the order of 10,000td™ of G 
alone’. The total loss rate had to be increased by the other 
observed contributing radicals, such as CN, CH, CO, OH 
and NH, amounting altogether to a moderate fraction of a 
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ton per second! Estimates of the meteoroidal losses as evi- 
denced by meteor streams were smailer but of comparable 
magnitude, while the spectra of meteors showed the gen- 
erally abundant heavier elements Fe, Ca, Mg, Mn, Cr, Si, 
Ni, Al and Na. Meteorites, however, did not seem to be of 
cometary origin as no falls had been observed from comet- 
ary meteor streams. 

Erratic variations in cometary brightnesses had always 
been known, and careful observations had shown that the 
relationship between intrinsic brightness and solar distance 
(r) varied greatly from comet to comet, the average rela- 
tionship being ~r™° to ~r™. A few comets had disappeared 
while others had split into two or more distinct components 
accompanied by a “burst”? of luminosity, usually to dis- 
appear later. For the Sun-grazing family, however, a major 
component usually persisted to a considerable distance from 
the Sun. Encke’s comet had made more than fifty revolu- 
tions with a ‘supposedly (but erroneously high) diminution 
of some ten times in brightness. 

Most of these facts and phenomena fit qualitatively with 
Proctor’s late nineteenth century concept of the comet 
nucleus as a sand bank or gravel bank. He pictured the 
fundamental particles as solid meteoroids from which ab- 
sorbed gases ere released by solar heating, the rate of gas 
desorption increasing rapidly with decreasing solar distance. 
The observed phenomena are evanescent, resuking from 
solar radiation acting in various ways on the gas and dust. 

Attempts to define such a gravel bank quantitatively, 
however, led generally to increasing difficulties or contradic- 
tions. The nature of the dilemma can be seen qualitatively. 
One extreme is the nearly transparent gravel bank with 
negligible gravitational cohesion. The particles are all ex- 
posed to sunlight and must lose most of their gases on the 
first heating. Unless metres in dimension, they must be 
vaporised and entirely lost for the several Sun-grazing 
comets. Because each particle moves in its own orbit about 
the Sun, particles of different sizes will be forced into orbits 
of different periods by the Poynting-Robertson effect of 
solar radiation. Tus comets, especially periodic comets, 
should be elongated along their orbits if their nuclei are 
transparent gravel banks. r 

At the other extreme, the gravel-bank model is opaque 
near the centre and massive enough to hold particles 
gravitationally against solar tide-raising disruption. Because 
of orbital motions the particles will collide frequently at 
very low velocities and there is no reason to believe that the 
collisions will all be elastic. Thus a compact core will 
develop and become essentially asteroidal in character. 

Intermediate gravel-bank models have been. designed to 
meet some of the observational requirements only to 
stumble in explaining others. A possible hierarchy of such 
models to account for various types of comets is still no 
solution because even the fit of a special model to a specific 
comet is usually unsatisfactory. 

Furthermore, a sinister persistent threat to the various 
gravelLbank models lay in Encke’s (1823) discovery that 
the comet of shortest period was measurably decreasing in 
period, some 2h in 3.3 yr. During the following century, 
this comet, which had been named after Encke, slowly 
reduced its rate of period decrease, that is, its deviation from 
gravitational motion. The popular postulate of a resisting 
medium between the planets, tempting as it may have been 
in the elghteenth century, became progressively less tenable 
in the nineteenth because no other supporting evidence could 


be found and because improved knowledge of interplanetary 


space impressed progressively lower limits on its possible 
density. The death knell for the idea sounded when two 
other periodic comets showed positive accelerations in their 
non-gravitational mottons. A resisting medium can only 
reduce the dimensions of an orbit and thus the period. 
Increasing periods negate the possibility of a resisting 
medium. Conclusion: some comets must engender intrinsic 
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forces to change their periods, an idea suggested by Bessel’ 
as early as 1836 and by Dubiago’ in 1948, but without real- 
istic physical mechanisms. 

In spite of increasing detailed knowledge about comets 
and the abject failure of the gravel-bank model to fit the 
data quantitatively, the quantum jump in cometary theory 
was delayed until the middle of this century. Three explicit 
new ideas then revolutionised our concepts of comets The 
application and development of these ideas led to remark- 
able advances. These new theories are presented here in the 
order of their publication and are identified in terms of the 
cometary phenomena involved. 


Oort’s great comet cloud 


In 1950 Oort® developed the theory of a great comet re- 
servoir, or cloud about the Sun, providing a source of 
“new” comets to replenish the observable supply. Oort de- 
monstrated that passing stars can perturb comets from huge 
orbits, extending out perhaps to 40—50,000 AU, into orbits 
with perihelion passages among the planets. Perturbations 
by the planets, particularly Jupiter, then eliminate more 
than half of such comets in successive passages, but disturb 
some into the short period orbits associated mostly with 
Jupiter. Oort thus defined specifically “The Home of the 
Comet”—a vague concept predating him by more than half 
a century. Although Opik’ had long since shown that such a 
solar attached cloud és quasi-stable with respect to stellar 
perturbations, he had not specified the retrieval process that 
brings “new’’. comets on nearly parabolic orbits into the 
inner Solar System for the first time. 


The dirty-ice comet nucleus 


Whipple’s'* theory that the nucleus of a comet is a com- 
pact mass of ices with intermingling earthy materials 
formed a basis for understanding many aspects of comets, 
including’ (1) comet activity by way of the sublimation of 
ices by solar radiation, (2) loss of large masses of gas and 
solids from long-lived comets, (3) observed deviations of 
comets from Newtonian motions, (4) the origin of comets by 
the aggregation of cosmically-abundant low temperature 
condensates from typical interstellar or stellar gases. 


The solar wind and ion tails 


.Biermann’s“ concept—that solar corpuscular radiation, 
_now generally known as the solar wind, could produce the 


structural forms and high accelerations observed in the ion 
tails of comets—provided the key that opened the door to 
„understanding the one most conspicuous phenomenon of 
comets. These long, nearly straight tails sometimes extend 
for more than 10'km and show accelerations up to 100 
times or more of solar gravity As we. have noted, the ex- 
planation—solar radiation—that previously had served semi- 
quantitatively to account for dust tails, curving strongly 
backwards in a comet’s orbital plane, proved quite inade- 
quate when applied to ion tails. . 

These three new concepts were accepted relatively soon 
by most of the astronomical community because they pro- 
mised to fill conspicuous lacunae in the theory of comets. 
All the major questions regarding the mature and pheno- 
menology of comets.could at last be approached by obser- 
vers, theoreticians and celestial mechanicians on the basis 
of reasonable working hypotheses, to be subjected to the 
scientific dgour-of checking and improvement. The full blos- 
goming of cometary astronomy then emerged. The subse- 
quent outstanding developments of space science, coupled 
with highly improved optical, infrared and radio sensors, 
added a wealth of new information that could be quantita- 
tively integrated with older data. 

Here I outline the development of my own ideas about 
the nature of comets. I first note my faith in a basic general 
principle to be applied in exploring the frontiers of any field 
in science. One is attempting to find the way ‘through a 
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swampy morass of mutually conflicting observations, inter- 
pretations and theories. The principle: seize on a few ‘‘in- 
disputable facts” that appear most relevant; momentarily 
ignore the remaining data. On these solid “facts” build con- 
ceptual structures or working hypotheses that are self-con- 
sistent, strongly rooted in the best evidence available. Then 
attempt to expand each working hypothesis by fitting in the 
successively weaker material. Rejection of material must be 
rigorously monitored. Is it irrelevant? Is it erroneous? 
Is it misinterpreted because of incomplete theory or because 
of an unnecessary or erroneous assumption, either tacit or 
explicit? If none of these, another working hypothesis 
should be investigated. 

The general knowledge of comets available to me in the 
1940s is summarised above. But I was highly conscious of 
three other “‘solid facts” that had been published but may 
not have been known or considered important by others 
who were thinking about comets. The first fact was the clear 
cut evidence I’? had amassed from photographic meteor 
studies that Encke’s comet had made not just about fifty 
revolutions but actually thousands of revolutions. The 
second fact was the evidence from the polarisation of the 
Zodiacal Light that interplanetary space at the Earth’s 
solar distance contains less than 10° electrons cm™ and, 
therefore, even fewer atomic nuclei. The third fact was 
Opik’s* demonstration that a cometary cloud could be 
quasi-stable about the Sun to a distance of several times 10* 
AU. The third fact left me with little concern about the 
replenishment of the shorter lived comets, because Opik’s 
work, it seemed to me, had implied this likelihood. 

The critical factor to me was the large quantity of matter 
that comets lose to space. If any comet can persist for a 
thousand or more revolutions, coming to 0.3 AU of the 
Sun at perihelion, it must contain or acquire a substantial 
quantity of gas and solids (cubic kilometres?). Conceivably 
a gravel-bank comet might persist if there were a gas source 
in space to refuel the solids by absorption. A back-of-the- 
envelope calculation suffices to show, however, that the 
known gas content of interplanetary space is woefully 
inadequate. Given a few km?’ effective area of the gravel 
bank, based on the brightness of comets at great solar 
distances, and even a 1,000-kms™ radial velocity for the 
solar-emitted gas, the “refuelling” situation is hopeless. 

Other implications of the gravel-bank theory were totally 
unsatisfactory to me. As mentioned above, a heirarchy of 
particle sizes would conspicuously spread the gravel-bank 
along its orbit in a thousand revolutions. Also I could 
never visualise a satisfactory process to split a gravel bank 
in the manner required to account for comet splitting, nor, 
indeed, a mechanism to produce comet bursts. 

A dirty-ice model of the nucleus could, however, carry 
any specified reserve of solids and potential gas. It could 
lie dormant at great solar distances and become increasingly 
active as it approached the Sun. It could withstand the tem- 
porary heating experienced by the Sun-grazing comets and, 
indeed, split tidally to give birth to the family. It could 
account, at least qualitatively, for almost all of the many 
phenomena of comets. Furthermore, is was reasonable in 
terms of cometary origin as a low temperature condensate 
from typical solar or interstellar material. The most abun- 
dant compound-forming elements in a “solar mix”, H, C, 
N and O provide the atoms in the radicals producing 
cometary fluorescence, while the heavier elements would 
certainly freeze out if the more volatile gases could. In 
principle, then, the basic difference between the conditions 
for the origin of the terrestrial planets and the comets 
become one of temperature. 

At this stage of my thinking I felt that the icy conglomer- 
ate model was so obvious that it must already have been 
tacitly accepted by the major students of comets. There 
seemed to be little justification for publishing the idea unless 
some quantitative aspects could be developed. In a remark- 
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able treatise Hirn™ had essentially demolished the idea of a 
resisting medium because of its resultant effect on comets’ 
tails, and concluded that cometary gas would be frozen at 
aphelion to “forme alors un assemblage de corps solides 
désagrégés.”” Pol Swings, indeed, who was impressed by my 
evidence for the great age of Encke’s comet, almost pre- 
sented the icy model in 1948 (ref. 15). He concluded that 
the gas of a comet occurs by evaporation, not by desorption, 
but failed to develop the concept further, being constrained 
by the classical assumption that a comet nucleus consists of 
numerous small bodies and that breakage is important to 
produce activity. In retrospect it seems that this persistent 
assumption of a multibodied comet nucleus was the major 
obstacle to an earlier development of the icy concept. I 
was not so constrained because I realised that solids im- 
bedded in a small icy body of low surface gravity would be 
blown out aerodynamically by sublimating gases. The 
novelty of this idea did not occur to me at the time and 
thus I abandoned the comet problem for a year or two. 

I decided to publish the icy comet model while working 
on a theory (unpublished) of meteor drag in the atmosphere. 
I was attempting to include a term in the classical drag 
theory to allow for the jet action of vaporising meteoroidal 
material. Suddenly I realised that an icy comet nucleus 
should produce just such a jet action. Furthermore, any 
delay in the sublimation process for a rotating nucleus 
would produce a jet force component normal to the solar 
direction and thus accelerate or decelerate the orbital 
motion, depending on the sense of rotation. Here was a 
quantitative mechanism for explaining non-gravitational 
motions in comets with either positive or negative rates of 
period change. Rotation might be expected for any solid 
body in space, but certainly could be produced in an ir- 
regularly shaped icy nucleus. The integrated force vector of 
the jet action need not point precisely at the centre of- 
gravity. Thus the model could explain comet splitting as a 
spinup phenomenon, as well as a tidal disruption. 

A major problem of comets was and, to some extent still 
remains: the identity of stable “parent” molecules to be 
dissociated into the observed radicals. Not being a chemist 
I was content with the previously suggested HO. CHi 
methane- and NH: (ammonia) to account for OH, CH and 
NH, respectively, with CO, (carbon dioxide) or CO for 
CO. The radical CN was more difficult because the obvious 
CN, (cyanogen) is so active. I favoured HON, or 
CH and Ne requiring some chemical action to produce 
CN. The chemists were unhappy with these “non-equili- 
brium’’ chemical companions but I felt (hoped) the com- 
pounds might bed together at very low temperatures. The 
extremely low temperature (<20K), required to freeze out 
CH., CO or N, worried me more. This problem was resolved 
by Delsemme and Swings™ in 1952 who suggested that the 
highly volatile CH, and others might be imbedded in FO 
snow as hydrates or clathrates. Their suggestion fits the 
observations well and has generally been accepted. 

The most likely parent molecule should be PLO because 
of its high heat of vaporisation. It should also be the most 
abundant. The luminosity variation of short period comets 
clearly indicated its presence. At a solar distance of 2.5-3 
AU the vapour pressure of H:O in sunlight becomes negli- 
gible as does the activity of most of these comets. 

Calculations’ based on the assumption of icy conglom- 
erate nuclei with the compositions suggested above led 
immediately to reasonable jet forces and lags in emission for 
Encke’s comet and others, requiring nuclei with radii of 
only a few km. The loss of matter needed to account for 
the non-gravitational forces was only a fraction of one 
per cent per revolution. For longer period comets the jet 
force radial towards the Sun should exceed the transverse 
lag component. This has since been demonstrated” as well 
as non-gravitational motions among most of the periodic 
comets”. 
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Fig. 1 Comet Kohoutek, 1973XII, Dec. 25.9, 1973. a, Photograph, Comet and Asteroid Observatory, South Baldy, New 


Mexico. b, NASA Skylab photograph in far-ultraviolet hydrogen 


La radiation. Both photographs are on the same scale as is the 


Sun's disk (circle) at same projected distance. 


The great loss of H:O from comets to be expected from 
the icy model was explored by Biermann and Trefftz” in 
1960, who predicted a resultant huge hydrogen cloud 
observable by its Lyman a-emission line in the far ultra- 
violet (at A\=1.416 A). The observations from space vehicles 
dramatically verified this prediction for Comet Bennett, 
197011 (refs 19. 20). The hydrogen cloud about Comet Ko- 
houtek. 1973XII, in Fig. 1 dwarfs our old ideas about the 
spatial extent of bright comets. The total loss of H:O 
amounted to a significant fraction of a 1 km’, typical of 
brighter comets. 

Even though Comet Kohoutek may have been a dud in 
the eyes of the public, it was a huge success scientifically 
because it was the best observed comet in all history. Radio 
observations in the millimetre range produced spectacular 
new results: the identification of hydrogen cyanide, HCN 
(ref. 22) and methyl cyanide, CH;CN (ref. 23). Methane and 
ammonia still remained elusive but the H:O positive ion was 
identified in the optical spectrum and atomic O and C in 
the far ultraviolet. The neutral H:O molecule resisted dis- 
covery until Comet Bradfield, 1974111. Comet Kohoutek 
brought the theorists to recognise the complex possibilities 
of gas-phase chemistry in the head of a comet, which 
leaves uncertain the true identity of some parent molecules 
because some of the radicals may be split up or chemically 
changed in the cometary atmosphere. 

The presence of chemically ill-mated carbon molecules 
and the apparent low abundance of CH; in Comet 
Kohoutek show clearly that comets are a mixture of low 
temperature compounds, not formed by slow cooling from 
a hot gas. Such carbon compounds are prevalent in inter- 
stellar gas so that their occurrence in comets suggests a 
similarity between comets and the interstellar medium. Most 
students of the subject believe that comets probably formed 
in the outer parts of the planetary system, but do not ex- 
clude direct contributions from the interstellar cloud that 
collapsed to form the Solar System, or even the bare pos- 
sibility of comet accretion in fragmented interstellar clouds 
connected gravitationally with the Sun. 


The brilliant dusty Comet West, 1975n, split into at least 
four components, giving us an intimate look at a discrete 
comet nucleus. Figure 2 presents five successive large scale 
photographs of the head made at the New Mexico State 
University with their 20-inch reflector. The components 
are behaving as would be expected for multibodied 
nuclei: they are separating! The relative velocities are 
small, however, only a few ms‘. But more interesting are 
the brightness variations shown on these beautiful photo- 
graphs. At times components D, B and C are as bright or 
brighter than componet A. From an analysis of the motions, 
Sekanina™ finds that component A is the main body of the 
comet moving in nearly a gravitational orbit. Component 
D separated first on February 13 starting at zero relative 
velocity with a relative deceleration, d=2.85 +0.03 in units 
of 10° solar acceleration. Component B separated second 
with d~5 and C third with d~40, an order of magnitude 
greater deceleration than D and B. As Sekanina predicted, 
C was short lived, becoming unobservable after three weeks 
from its separation on March 5. 

Note the remarkable paradox. Component C must surely 
have been very much smaller and less massive than com- 
ponent A because it disappeared rapidly and because it 
displayed a huge non-gravitational deceleration, indicating 
a very much larger area—mass ratio for jet action. Never- 
theless, component C outshone component A on at least 
two occasions. An explanation of this phenomenon lies 
inherent in the icy comet model. Let us accept the concept 
that the interior of an active comet contains a significant 
fraction of materials much more volatile than water ice. 
The surface layers, vaporising in sunlight, must become 
stratified with non-volatile dirt on the surface, water ice 
below, and successively more volatile materials underneath. 
The rate of mass loss is tempered by the dirt and hard-to- 
vaporise water ice. An exposed inner surface, however, will 
become far more active because of the materials with low 
heats of vaporisation. 

The key to our explanation now lies in the simplistic 
fact that a solid of any shape whatsoever, when broken in 
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Fig. 2 Nucleus of Comet West, 1975n, on 5 dates. Component A, 
lower left; B, upper right; C, lower right; D, middle left. Scale 
on March 24.5: A to B = 16.3”. Distance from Earth: 0.88 to 
1.09 AU, March 5.5 to 24.5. From A. S. Murrell and C. F. 
Knuckles, New Mexico State University Observatory. 


two pieces, exposes identical interior surface areas for each 
piece. Thus the small piece of a split comet nucleus exposes 
as much new surface containing highly volative materials 
as does the large piece. In certain orientations with respect 
to the Sun it can produce more activity than the large piece 
and hence outshine it. Continued breakage of the smaller 
component undoubtedly adds to its activity, to its rapid 
demise, and to its high decelerating force by jet action. 
Thus Comet West demonstrated before our eyes one of the 
Striking properties of a dirty-ice comet nucleus 

As to the cause of comet splitting, other than tidal dis- 
ruption, we have no definite proof. Rapid rotation pro- 
duced by asymmetric jet action with resultant spinup seems 
to provide a reasonable explanation. It is not yet certain 
whether the equatorial layers need be spun off against 
gravity or whether the weak gravity, perhaps reduced by 
rapid rotation, allows the underlying volatiles or pockets of 
volatiles to eject large volumes of surface. In any case, 
splitting begets more splitting as would be expected if 
rotation has a role. A body in space will eventually rotate 
about the axis with maximum moment of inertia, being in 
unstable rotation about other axes. Loss of materia! usually 
changes the distribution of inertia so that after a split, the 
body will seek a new axis of rotation and alter the internal 
forces. More splitting may be expected and is frequently 
observed. 

Plasma tails present a fascinating complex problem area 
for theoretical study and, indeed, have become a kind of 
space laboratory for magnetohydrodynamics. When instru- 
mented space probes finally reach comets, the cometary) 
space laboratory will become a reality, to answer many of 
these physical problems, as well as those of gas-phase 
chemistry in comets and, most important, to tell us about 
the true composition and physical structure of comet 
nuclei. From space probes we can hope to pin-point the 
circumstances of cometary origin and their relation to 
other bodies in the Solar System, particularly the Earth. 
1 am convinced that comets contributed significantly to 
the life-giving volatiles of the Earth and, indeed, would not 
be surprised to learn that material contributed by comets 
made possible our very existence on this planet. 

I wish to thank my wife, Babette, for assistance in 
making this paper more intelligible to non-astronomers. 
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The transitions of solutions of differential equations from 
one stability regime to another are of great current interest, 
both mathematical and physical, and there are conflicting 
hypotheses as to how such transitions occur. Here we present 
the results of an investigation of double-diffusive convection, 
which is important in oceanography, astrophysics and 
chemical engineering. The calculated transitions are found 
to be very different from those previously suggested. 


Most fluid motion is turbulent. One approach that has been 
used in investigating this form of motion is to examine the 
transitions undergone by an initially laminar flow in its evo- 
lution to a turbulent state. Landau’ hypothesised that as some 
appropriate non-dimensional parameter, R, increases, a critical 
value is reached at which the particular time-independent 
laminar flow under investigation becomes unstable and equilib- 
rates to a new time-dependent flow. At a larger critical value 
this flow itself becomes unstable and this process of transitions 
is envisaged to continue until the flow has become so compli- 
cated that it would be referred to as turbulent. An alternative 
hypothesis has been recently suggested by Ruelle and Takens?, 
whereby after a relatively small number of transitions, a well 
defined value of R is reached at which the flow exhibits an abrupt 
transition to a far more complicated, random, and hence 
turbulent, motion. Since these are both abstract hypotheses, 
only a direct investigation of the governing equations of motion 
can decide if either of these descriptions is correct, or if a 
different set of transitions takes place. In an investigation of 
this sort, but motivated by biological considerations, May? 
recently determined the transitions that occur in a number of 
first-order nonlinear difference equations. He found that as 
the appropriate R increases through a sequence of critical values, 
the solution changes from consisting of one stable equilibrium 
point, through stable cycles of period 2" (1=1,2,...), and then, 
at a finite value of R, there is chaos, with slightly different 
initial conditions leading to solutions which diverge with time. 
We present here the results of explicit calculations of the transi- 
tions that occur in two-dimensional double-diffusive convection. 
The motion is governed by a set of coupled nonlinear partial 
differential equations and the transitions that occur are different 
in form from the three discussed above. 


Double-diffusive convection 

Double-diffusive convection is a generic term for the type of 
convection that occurs in fluids in which there are two com- 
ponents of different molecular diffusivities which contribute 
in an opposing sense to the vertical density gradient. For differ- 
ent sets of components, this form of convection has an important 
role in oceanography, astrophysics and chemical engineering’. 
Here we use the terminology of heat and salt, the components 
appropriate to oceanography. We restrict attention to the 


Rayleigh~Bénard problem*, where the fluid is considered to 
occupy the space between two infinite planes separated by a 
distance D, with the upper plane maintained at temperature 
T, and salinity S, and the lower plane maintained at temperature 
T,+AT and salinity Sy+AS (AT, AS > 0). We assume both 
planes to be stress free and perfect conductors of heat and salt, 
and restrict attention to two-dimensional motion, dependent 
only on one horizontal coordinate and the vertical coordinate. 
Expressing all lengths in units of D, time in units of D?/«r 
(where xr is the thermal diffusivity) and representing the 
temperature T* and salinity S* by 


T* = Toet ATU—z+T); S* = S,+AS(i—z+S8) 


we can write the governing Boussinesq equations of motion 
in terms of a stream function y as 


o~ Vzdy o Hy, Vy) = — ROT + RS + Vey 
BTH 3y JYT) = VT 
3 S- — Ay, S) = TVS 
W = 0, y = T= § = 0 (z = (0,1) 


where 


Ifig) i Sfo.g—,f0,8 


Fig. 1 The results of linear stability analysis for o = 1 and 

t = 1074, Overstability first occurs along R = R, and monotonic 

stability first occurs along R = R, Only the hatched region is 
stable to linear disturbances. 
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The four non-dimensional parameters appearing in these 
equations are: the Prandtl number o = V/Kr, where v is the 
kinematic viscosity; the ratio of the diffusivities t = Ks/«r, 
where Ks, the saline diffusivity, is less than kr; the thermal Ray- 
leigh number R = agATD*/«rv, where is a the coefficient of 
thermal expansion, and g is the gravitational acceleration; and 
the saline Rayleigh number Rs = BgASD*/«x7v where B is the 
saline analogue of a. 
ability 
‘he criteria for the linear instability of these equations are 
“obtained by neglecting the nonlinear Jacobian terms and 
representing the solutions in terms of the lowest normal modes 





: _ with an exponential time dependence of the form exp(o/). 
= The onset of overstability, defined by 4(m) = 0, first occurs 
=o for a value of R which we denote by R, and exchange of 


stabilities, defined by œ = 0, first occurs for a value of R 
which we denote for convenience by R,. In both cases the 
horizontal wavelength of the instability is 2°/*. In the R~Rs 
plane the linear stability boundary is a combination of R = 
R,and R = R,, as depicted in Fig. 1, which presents a summary 
of the linearised results for o = 1 and t = 10-”*. For Rs> 
Ring. Where Ring is the value of Rs at which R, = Ra as R 
exceeds R, the conduction state (y = T = S = 0) becomes 
unstable toan oscillatory mode. For 0 < R < Ring as R 
exceeds R, the conduction state becomes unstable to a monotonic 
mode. 

We present here the form of the solutions of horizontal 
wavelength 2%? which emanate from the above linear transi- 
tions, or bifurcation points, as the degree of nonlinearity 
increases. An appropriate way to describe the resulting solu- 
tions is as a function of their amplitude. This is conveniently 
represented by either the thermal or saline Nusselt numbers 
evaluated by the lower boundary 


Nr = 1 — àT] z=0 and Ns = 1 — 0.8 | 20 

where the overbar denotes a horizontal average, or by their 
respective temporal maxima, Mr and Ms. Since for most 
physical systems Rs> Rin, and this is conceptually the most 
interesting case, we concentrate on the latter regime and, 
principally by numerical integration of equations (1), map out 
the forms of equilibrium solutions in an R—Ms plane in the man- 
ner depicted in Fig. 2. The discussion is in general terms: 
specific details and physical interpretations of the solutions 
will be published elsewhere (H. E. Huppert and D. R. Moore, in 
preparation). 

The bifurcation point at R, can be either supercritical (R 
increases as My or Ms increases) or subcritical (R decreases 
as My or Ms increases). By the straightforward use of modified 
perturbation theory*, a very lengthy relationship can be de- 
termined (H. E. Huppert and D. R. Moore, in preparation) 
which indicates, for fixed o, t and Rs, which of the two possi- 
bilities occurs. It is known from general theory® that solutions 
on branches emanating from subcritical bifurcations are 
unstable until the branch reaches a minimum value of R. 
Thereafter the branch continues with the amplitude of the 
associated time-dependent solutions increasing with increasing 
R. Supercritical branches are known to support stable solutions. 
A typical plot of Ny and Ns against time for a solution on a 
stable portion of the branch sufficiently close to R, is shown 
in Fig. 3a. 


Increasing R 


As increases, this form of motion continues until R reaches a 
specific value, R, say. At R = R, the solution changes in form 
and develops a further structure as is indicated in the form of 
Ny or Ns as a function of time, as plotted in Fig. 36. In both 
Nr and Ns there are four extrema, two maxima and two minima, 
per period, where the period is defined in the usual sense as the 
time between two identical states. In modern mathematical 
Jargon, the solution for R < R, is ona sphere, while the solution 
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Fig. 2 The stable oscillatory branch and the stable monotonie- 
branch for o = 1, t= 107+ and Rs = 104. For Ry < R< Ry 
the branch is drawn soas to show both local maxima. For Ra x 
< R < R, the wavy line indicates that the solution is nope ocos 
periodic and no definite maximum can be assigned. The dots at 
R = R, and R = R; indicate the jumps in Ms which occur as. 
the solution changes from ai serra branch to the monotonic 
ranch. 


for R > R, is on a torus, and the transition at R = R is 


called a bifurcating torus*.. This form of motion continues until 


R = R, say, at which value a transition to a disordered 
solution occurs. A typical plot of Ny and Ns against time for - 


such a disordered solution is shown in Fig. 3e. Long còm _ 


putation runs have not revealed any discernable periodic 
structure in the solution. Such non-periodic solutions continue 
to exist for increasing R until, for R = R, say, the only equo 
librium solutions are time independent. For some values of- 
c, t and Rs the transition at R, occurs before the one at 
either R, or Ro. 

For all R > R, all equilibrium solutions are independent of 
time. Time-independent motions are more efficient at transport- 


ing heat and salt than time-dependent motions and thus the _ 
Nusselt numbers undergo a discontinuous increase as the 


solution changes from being on the oscillatory branch to the _ 
monotonic branch, as indicated in Fig. 2. As R increases- 


Fig. 3 The thermal and saline Nusselt numbers as a function of = 
time for o = i, t= 10°? and Rs = 104. a, Ry < Rox 8,600 
< Ra; b, Ry < R= 9,800 < Ry; and c, Ra < R= 11,000, 
The horizontal line in the bottom right-hand portion of e = 

represents non-dimensional time: eee 
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beyond R, the effects of the salt field decrease, and for R > R, 
the equilibrium solutions approach those for Rs = 0, a situation 
which has been intensively investigated by Moore and Weiss’. 


Decreasing R 


If R is gradually decreased from some value greater than R4, the 
equilibrium monotonic solutions retrace the states that would 
have been obtained on increasing R from R,; for each R > Ry, 
there is a unique stable equilibrium solution. If R is decreased 
below R, an equilibrium time-independent solution continues 
to exist, with decreasing amplitude, until R = R, say. Further 
decrease of R leads to a solution on the oscillatory branch 
already described, or if R; < R, to the null solution. Thus, 
as indicated in Fig. 2 there is hysteresis between the two 
different forms of solution. i 

The time-independent branch of solutions emanates from the 
bifurcation point at R = R,, which modified perturbation 
theory shows to be subcritical if Rs > Ring. AS mentioned 
previously, solutions on such a subcritical branch are unstable 
until the minimum value of R is attained. Thereafter the branch 
continues and solutions on it are stable, with the amplitude of 
the solution increasing with increasing R. 

If Rs < Ring only time-independent equilibrium solutions 
are possible. For sufficiently small Rs the bifurcation at Rg, is 
supercritical, otherwise it is subcritical (H. E. Huppert and D. R. 
Moore, in preparation). 
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Conclusion 


To summarise, in the most general case, as R increases there is 
a transition from the conduction state to an oscillatory motion 
(Fig. 3a), followed by a transition to a more complicated form 
of oscillatory motion (Fig. 34), followed by a transition to a 
non-periodic, random state (Fig. 3c), followed by a transition 
to steady motion. Hence by increasing R it is possible in this 
situation to suppress disordered motions. For some values of o, 
t and Rs a sufficiently large disturbance can cause a transition 
directly from the conduction state to the steady state, while 
for other values of o, t and Rs only some of the intermediate 
transitions are omitted. 

I thank Dr D. R. Moore, who wrote the numerical program 
used here, Dr Joyce Wheeler, who helped with the computa- 
tions and preparation of the graphical output, and Professor 
R. M. May and Dr D. P. McKenzie for critical comments. 
This research was supported by the British Admiralty. 


Received June 3; accepted June 22, 1976. 


l Landau, L. D., and Lifshitz, E, M., Plaid Mechanics (Pergamon, Oxford, 1959), 

2 Ruelle, D., and Takens, F., Copunun, mith, Phys.. 20, 167-192 (1971). 

3 May, R. M., Science, 186, 645--647 {1974); Nature, 261, 459-467 (1976). 

4 Turner, J. S., Buoyancy Effects in Fluids (Cambridge, 1973): A. Rev. Fluid Mecha 
6, 37~56 (1974), 

š Sattinger, D, H., Topics in Stability and Bifurcation Theory, Lecture Notes in 
Mathematics, 309 (Springer, Berlin, 1973). 

6 Hirsch, M. W., and Smale, S. Differential Equations, Dynamical Systems, and 
Linear Algebra (Academic, New York, 1974). 

7 Moore, D. R., and Weiss, N. È, 7. Fluid Mech., 58, 289-312 (1973). 








Stratified waters as a key to the past 


Egon T. Degens 


Geologisch-Palaontologisches Institut der Universitat Hamburg, Bundesstrasse 55, 2000 Hamburg 13, FRG 


Peter Stoffers 


Laboratorium fiir Sedimentforschung, Mineralogisch-Petrographisches, 


Heidelberg, FRG 


Institut der Universitat Heidelberg, Berliner Strasse 19, 6900 





Density stratification in lakes and oceans generate anoxic 
conditions below the pycnocline, and sediment facies mirror 
this development. A comparison of modern sediments 
deposited in stratified and non-stratified waters with 
sediments formed since the Cambrian reveals that the 
ancient sea has been stratified a number of times. 


Tue world ocean is fully oxygenated except for some local areas 
in regions of upwelling or stagnation. Oxygenation is related 
to modern climates, that is thermo- and haloclines, which can 
inhibit the mixing of water masses between stratified layers but 
which are only temporarily stable. Furthermore, cold polar 
surface water sinks and moves towards the equatorial abyssal 
plains. These and other climate-controlled physical factors turn 
over the ocean’s water in a matter of a few hundred to a few 
thousand years. At this rate, molecular oxygen is recharged 
much faster in the deep sea than it is consumed by the oxidation 
of organic matter at greater water depths. 

During prolonged warmer climatic stages or when land- 
locked seas develop, thermo- or haloclines may become so 
stabilised that they only move up and down in response to 


seasonal changes, tectonic activities, or some other major. 


perturbations in the environment; but they rarely break up 
entirely. In such conditions molecular oxygen will remain 
abundant in the euphotic zone but will gradually drop to zero 
below the density boundary. This will cause the development 
of a euxinic environment in which no higher forms of life can 
exist and molecular oxygen is replaced by hydrogen sulphide. 
It is important to know what happens to the strata when this 


situation arises because such information is crucial to the task 
of explaining the origin of euxinic sediments, which are so 
plentiful in the stratigraphic record. Unfortunately, compara- 
tive studies between shallow and deep-water habitats are 
hindered because most of the marine sediments exposed on 
continents are of shallow-water origin and suites of abyssal 
sediments have only recently become available through the 
Deep Sea Drilling Project. 

A significant aspect of this problem which has received little 
attention in the past concerns a possible feedback mechanism 
between oxidising and reducing environments which may 
result in the formation of specific sediment types. 

We will focus attention here on the feedback question by 
examining sediments of the same ages and geological settings 
which differ only in that one group has formed below and the 
other above a well defined thermo-halocline. The sediments 
are from cores from the Black Sea and some deep East African 
rift lakes and they represent continuous sections through parts 
of the Holocene and Pleistocene. A detailed examination of a 
thermo-halocline, oscillating through time, will allow us to 
follow in slow motion the impact of the reducing on the oxidis- 
ing environment and vice versa. 


Phase boundaries 
An heuristic theorem implies that physicochemical phenomena 
established at the boundary between two different states 
characterise these two states. In the present context the theorem 
implies that the physicochemical properties of the reducing and 
oxidising environments are ‘written’ on the boundary layer, 
that is, the thermo-halocline. We will now examine this interface. 
Mechanism and rate of molecular exchange across a well 
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Fig. 1 Scanning electron micrographs of chemically precipitated 
calcites, sedimented above OHS interface (a), and below 
interface (b). Size of individual crystals ~ 5-10 um. 


developed thermo-halocline have been studied thoroughly'-*, 
Vertical advection and diffusion will move deep water through 
the density boundary to the surface layer. For the main pycno- 
cline in the Black Sea this results in a vertical eddy-diffusion 
coefficient of ~ 0.014cm*s~! (refs 2 and 3). From this value 
one can readily calculate the net upward flux of dissolved species 
such as iron, manganese, or hydrogen sulphide. Against the 
upward advective gradient there is a downward diffusion 
gradient of oxygen. These two opposing fluxes will generate a 
wide range in redox potentials within a narrow segment of the 
water column. Some elements and minerals will respond to 
this Eh gradient by becoming reduced or oxidised. and pre- 
cipitated or dissolved, respectively. In turn, minerals can form 
at one point, but by sinking through an Eh gradient they may 
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redissolve. Depending on the speed of this reaction and the 
general hydrographic setting, the process of precipitation and 
dissolution can continue again and again and lead to substantial 
concentrations of certain elements and minerals close to the 
pycnocline. 

Models using a constant eddy-diffusion coefficient for the 
vertical transfer of passive properties in a continuously layered 
medium*’® are only applicable for periods of hours and days 
because density boundaries tend to rise and fall and many other 
physical perturbations do exist®”’. If the interface is lowered 
rapidly, an almost spasmodic mineralisation of the upper layer 
will take place resulting in massive precipitation of a series of 
minerals. In contrast, a rise of the interface will dissolve the 
same minerals. Figure 1 shows calcite which has precipitated in 
the upper layer. In Fig. la the calcite remained in the surface 
layer, whereas in Fig. 1b it sank into the anoxic water. It is of 
note that all carbonates including dolomite and siderite will 
eventually dissolve if exposed to highly reducing environments. 


East African rift lakes 

The deep rift lakes of East Africa—Tanganyika, Malawi and 
Kivu—are thermally stratified. The perennial thermocline in 
Lake Tanganyika lies at ~ 100 m but is somewhat deeper and 
much more variable in Lake Malawi. Lake Kivu has a stable 
thermo-haline density structure with an interface at ~ 70 m (ref. 
10). The position and nature of the density boundary influence 
the occurrence of distinct mineral and chemical facies observed in 
sediment cores of the three lakes'®-"*. Most notably affected by 
the position of the interface is the distribution of Fe-oxides, 
Fe-silicates, Fe-phosphates, Fe-sulphides, Mn-siderites and a 
series of Ca- and Ca—Mg-carbonates. In the following, we will 
examine sediments from deep (~ 500 m) and shallow (~ 50 m) 
parts of Lake Kivu that were deposited during the past 10,000 

14,000 yr. 

The impact of an oscillating stratification is illustrated by the 
distribution of manganese and related facies in a core from the 
central basin (see Fig. 2). The observed Mn?+* oscillations are 
interpreted as resulting from the following processes'*. Therma! 
Stratification allows Mn**+ and Fe?+ to accumulate in the 
water of relatively low pH below the thermocline. Vertical 
advection and diffusion transfer both ions through the interface 
where they instantaneously precipitate as manganosiderite. The 
newly formed mineral phase sinks back into deep water. 
dissolves, and the cycle starts over again. Its incorporation into 
the sediments will only be possible near the thermocline. The 
manganosiderite in Lake Kivu occurs, however, as discrete 
layers rather than as a mixture with the regular detritus. This 
Suggests a more powerful transfer mechanism than advective 
eddy-diffusion: the rapid lowering of the thermocline and a 
resultant massive precipitation of the manganosiderite, Fluctua- 
tions in Mn** content shown in Fig. 2 reflect oscillations of the 
thermocline which shifted the area of manganosiderite depo- 
sition away from or back towards the location of the core site. 
High water stands are indicated by the emergence of sulphides 
and specific diatom assemblages in an organic-rich facies free 
of carbonates", 

The profile continues in Fig. 3. This time, however, carbonate 
and organic carbon serve as indicators for the oscillating 
O,-H.S boundary’. Carbonate precipitation starts with high 
Mg-calcites and the percentage of MgCO, in solid solution is 
indicated numerically. At CaCO. concentrations > 10° 
aragonite occurs. A change in mineralogy from Meg-calcite to 
aragonite reflects an increase in the Mg-Ca ratio in the lake 
water'*® which can best be explained by progressive evaporation 
which rapidly will lower both the interface and the water level 
and enforce lime extraction. The emergence of carbonate-free 
sapropels signals meromixis. Surface waters have pH values 
between 8 and 10 but as the pH drops below the waters 
become anoxic. Carbonate particles falling into the deep 
water redissolve, whereas those that settle in shallow areas 
above the pycnocline remain intact and form thick sediment 
sections. Changes of the Mg-Ca ratio in the lake water will 
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Fig. 2 Distribution of manganese in Kivu sediments deposited 
during the time interval between 13,700 and 11,000 yr Bp. 
Mineral facies and reconstructed thermocline oscillations are 
shown. High water stands are indicated by the emergence of 
sulphides and specific diatom assemblages». 


determine the carbonate mineralogy!*!*. Calcite, Mg-calcite, 


ee _ aragonite, protodolomite and monohydrocalcite generate cyclic 
`< patterns in the shallow basins of Lake Kivu, while at the same 


~~ time a thin sapropel facies forms in the deep anoxic basin of the 
_. Jake. Similar relationships exist in Lake Tanganyika’. 
The impact of an oscillating density boundary or a ‘cata- 
strophic’ overturn is registered by the established fauna and 
flora. For instance in Lake Kivu the fish fauna is depauperate, 
chaoborids are absent and the molluscs, especially pelecypods, 
have suffered recent extinctions, judging from the abundance of 
shells of species which are no longer extant in the lake’. 
Particularly illuminating is the distribution pattern of diatoms 
over the past 14,000 yr (refs 14, 15 and 18). Stephanodiscus 
astrea declines almost linearly from ~ 90% of the total diatom 
population at ~ 14,000 yr Bp to 0 at ~ 5,000 yr BP. Similarly, 
Nitzschia fonticula disappears at ~ 5,000yr Bp. Only one 
species, Nitzschia spiculum, crosses this boundary and is joined 
by newly emerging diatom species. These and related obser- 
vations strongly suggest that changes in water chemistry 
introduced by a fluctuating interface can severely disturb the 
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established ecosystem. Whole populations can be exterminated; 
others can be pushed into restricted ecological niches from 
where they may perhaps reoccupy their former territory should 
the habitat change back to its former condition. Some species 
may adapt to the new environmental circumstances, whereas 
others may take advantage of the new situation and become 
dominant. In addition, some new species may evolve. 

Lake Tanganyika, which has had a series of oscillating 
thermoclines and water levels!*-**, is a good test case for the 
evolution of species in a closed system, A large number of 
endemic genera and species is present in the modern lake??, 
especially fish. When counted in 1960 (ref. 24), Cichlidae alone 
numbered no less than 133 species from 38 genera. Another 
point of interest is the striking resemblance of a great variety of 
present-day snails to certain marine forms that became extinct 
in the Jurassic®*-**. All this has to be viewed against a back- 
ground of a lake which formed in Miocene time and has never 
been open to the sea. In conclusion, the antiquity of Lake 
Tanganyika is mainly responsible for the evolutionary diversi- 
fication, but temporal variability in lake levels, water chemistry, 
and stratification are considered dominant factors in triggering 
this development!* 15, 


Black Sea 


Much has been learned about the recent history of the Black 
Sea through a R/V Atlantis research cruise conducted by the 
Woods Hole Oceanographic Institution in spring 1969 (ref. 27). 
A topic of special significance for our work is the evolution of 
anoxic conditions during the Holocene*®. 

Each gram-atom of carbon in plankton requires 1.3 mol of 
oxygen for its oxidation®. Since the amount of organic matter 
that falls through the O,—H,S interface is fairly well known”, 
the ‘decay’ constant of the oxygen reservoir can be calculated**. 
From this number, the upward progression of the O,-H,S 
interface can be derived. Calculations show that the thermo- 
haline boundary requires ~ 3,000 yr to rise from the 2,200-m- 
deep abyssal plain to a water depth of 500 m. Varve-counting 
techniques substantiate these findings** and indicate that finely 
laminated sapropels began to occur on the basin slope at a 
depth of 470m almost 2,300 yr after they first appeared on 
the bottom of the Black Sea basin. 

The sapropel facies is low in carbonates and many grains 
show corrosional features of the kind shown in Fig. 4. Of 
special note is the sapropel facies in a core from a water depth 
of 470m which rests on a massive calcareous mud and is 


Fig. 3 Distribution of CaCO, and organic carbon in Kivu 

sediments deposited during the past 11,000 yr (continuation of 

profile shown in Fig. 2). Numbers on carbonate curve represent 

the mole percentage of MgCO, present in high Mg-calcite; 
water depth: 473 m (ref. 10). 
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characterised by intercalations of very fine authigenic carbonate 
laminae up to 2 mm thick at the base of the sapropel but 
becoming finer and eventually disappearing towards the top of 
the sapropel layer. All these observations fit the general pattern 
described for Kivu sediments, and therefore indicate the same 
mechanism of formation. 


Present—a key to the past 


We have studied stratified waters in numerous environments for 
more than ten years??-15.27.31.32, Tt never occurred to us, 
however, that the results of these studies could significantly 
alter established concepts in geology. In other words, the 
subject was looked at more as an interesting anomaly rather 
than as a feature of global significance. 

This outlook changed when we described sediment cores from 
the Deep Sea Drilling Project’s Leg 42 B obtained by the 
Glomar Challenger in the Black Sea during May-June 1975. In 
three cores from the euxinic abyssal plain (core length 624.5 m) 
the basin apron (core length 1,073.5 m) and the basin slope 
(core length 503.5 m) a kind of textbook profile emerged con- 
sisting of successions of (1) shallow- and deep-water facies, 
(2) flysch and molasse cycles, (3) oxidising and reducing sedi- 
ments, (4) clastic and chemical deposits, and (5) freshwater- 
brackish—marine series. Most striking is the distribution of 
authigenic carbonates. In going from the shallow to the deep 
basin, a typical facies succession is dolomite—aragonite—high 
magnesium calcite-calcite-siderite-carbonate-free sapropels. In 
view of these results, we will briefly compare present and past 
common sediment facies of the open marine environment. 
Since authigenic carbonates appear to be excellent environ- 
mental indicators, we will use them as tools in our comparison. 

In modern marine environments, the chemical precipitation 
of calcium carbonates or dolomites is virtually nil. Recent 
marine carbonates are principally biological in origin. Calcitic 
foram and coccolith oozes cover wide parts of the deep sea and 
coral reefs, and coquina are found in some shallow-water 
environments. The distribution of calcareous oozes is controlled 
by the local carbonate compensation depth and a few other 
critical factors determining rates of dissolution®*. In contrast. 
sand and clay are the typical facies in modern shallow-water 
deposits. 

The stratigraphic record, from the Cambrian on, indicates an 
almost reversed situation. Hundreds of metres of shallow-water 
carbonates, distributed over extensive areas, are frequently 
encountered. Sedimentary cycles measuring not more than a few 
centimetres or metres can be traced over wide distances. On the 
other hand, an ordinary geosyncline commonly starts with a 
massive graywacke facies or a black shale facies free of car- 
bonates. Judging by their physical appearance and chemistry, 
these sediments formed at great water depths and under anoxic 
conditions. In conclusion, sediment facies in the Black Sea and 
some East African rift lakes have many characteristics in 
common with ancient marine sediments, whereas sediment 
facies in the present ocean show little resemblance to the past 
record. These findings have interesting consequences because 
they suggest that the former ocean looked much like the present 
Black Sea. Two simple graphs will summarise the most critical 
points. 

In the modern fully oxygenated ocean, sands and clays are 
deposited in the shallow sea (Fig. 5a). On stratification of the 
water, anoxic conditions develop below the interface and 
euxinic sediments form in the H,S zone, whereascarbonates may 
develop in the oxic zone (Fig. 5b). It is essential to know that 
these two contrasting environments not only differ in oxygen and 
hydrogen sulphide but in a number of other chemical ingredients. 
As a common rule the anoxic waters are enriched in (1) mineral 
nutrients such as nitrate, phosphate, ammonia and Silica, (2) 
some common elements, and (3) dissolved gases. 

Lowering of the interface (Fig. Sc) will result in the transfer of 
dissolved chemical species into the upper layer. Primary pro- 
ductivity will be stimulated and carbonates will precipitate with 
the Mg-Ca ratio in the water phase controlling the carbonate 





Fig. 4 Scanning electron micrographs of chemically precipitated 
aragonites buried below the O,-H,S interface. Note dissolution 
features similar to Fig. 1b. Size of aragonite grains ~ 20 um. 


mineralogy. An upward progression of the interface (Fig. 5d) 
will extend euxinic conditions to shallower parts of a basin, with 
established benthic communities becoming extinct, and car- 
bonates starting to dissolve because the level of carbonate 
compensation in time will be identical with the level of the 
O,-H,S interface. As a function of climatic variation and con- 
stant reshaping of marine basins by tectonic or erosional! forces, 
all transitions between a fully oxygenated and an anoxic sea 
are conceivable. 

Sediment facies in the shallow water environment will mirror 
these events through distinct cycles and fossil assemblages. At 
O, times, the sediment distribution in the deep sea will resemble 
that of today, whereas at H,S times, sapropels will occur, and 
calcareous oozes and marls will show pulses of dissolution. This 
process can go so far that a hiatus will develop and the dissolved 
chemical species will accumulate in the deep waters. Submarine 
volcanic activity and rifting will enhance these actions. It is of 
note that brines can accumulate in the deepest part of a basin. 
Upwelling or overturning of water masses will cause the release 
of these substances, and phosphorites, carbonates, and Fe-Mn 
oxides and hydroxides are a few of the major phases that may 
come into existence. 

A graph (Fig. 6) shows schematically the pathway of four 
critical elements through geological time. The modern con- 
centration level for each of the four elements in the deep sea 
is shown at the far right. The main features are as follows: 

(1) Fe**+ becomes oxidised in the euphotic zone. Lowering of the 
O,-H,S interface will release Fe?+ to the upper layer causing 
the formation of siderite, a series of Fe-oxides and hydroxides, 
and Fe-silicates*. In the anoxic sea, Fe** is extracted as 
sulphide or silicate (for example, chlorite). Towards the end of 
the Precambrian, the ocean water turned over, fully oxygenating 
the deep sea for the first time, but went back to the anoxic 
state during the Silurian. This sequence is repeated several 
times throughout geological time. 


Fig. 5 Formation and evolution of stratified waters (see text). 
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(2) In the Precambrian, the water is nearly saturated with silica 
below the interface. When released to the upper layer it pre- 
cipitates on evaporation in shallow-water environments as 
amorphous silica. Biogenic silica extraction is the dominant 
release mechanism in more recent times. i 

(3) Mg?+ is extracted in the deep and shallow sea as silicate. 
Conditions for dolomite formation gradually develop and 
massive primary dolomite formation proceeds during the 
Palaeozoic and Mesozoic. 

(4) Ca-carbonate deposition is dependent on the Mg-Ca 
ratio in the water phase’*. Aragonite is the principal CaCO, 
species at the start of carbonate extraction, and high Mg-calcite, 
and eventually calcite, follow. Because of the instability of 
aragonite and high Mg-calcite, recrystallisation in the direction 
of hard dolomites and limestones is commonly observed in the 
older strata. In contrast, sediments.composed of calcitic forams 
and/or coccoliths have a tendency to remain unindurated. 


Conclusions 
The highlight of the present study is the observation that 
permanently stratified modern marine and freshwater basins 


‘induce carbonate precipitation in the upper layer and carbonate 


dissolution in the anoxic deeper water. Vertical advection and 
diffusion will recycle dissolved chemical species back into the 
surface layer; however, a more substantial mineralisation of the 
euphotic zone is achieved by lowering the O.-H,.S interface. 
This will promote massive carbonate precipitation. As a result 
sediments above a density boundary get rich in carbonates while 
those beneath have little or none. Because climate and/or 
geological settings change, thermo- and haloclines move up 
and down the water column or break up entirely, disrupting 
established ecosystems. The sediment record will reflect these 
incidents in the form of distinct cycles, facies, fossil assemblages, 
or hiatus. 

Hutton’s principle of uniformity of process, which holds that 
the present is the key to the past, gets an unexpected tenor. The 
well mixed oxygenated ocean of today seems not to be the model 
environment for the past 600 Myr. Instead, we are dealing 
with a sea which alternates between two opposing states: 
stratified and non-stratified. Depending on local or regional 
hydrographic settings, which may effect deep-water circulation 
and the hydrodynamics of water movement vertically and 
horizontally, one may encounter all sorts of transitions. At 
present, some areas in the open ocean are already anaerobic, and 
indicate the delicate balance between the oxic and anoxic states. 
All these findings lead us to conclude that a number of former 
interpretations regarding the origin of sedimentary cycles, the 
history of the oceans, and the workings of evolution have to be 
re-examined. 
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In Drosophila melanogaster, the rRNA genes (rDNA) 
are clustered at single sites on two non-homologous 
chromosomes, the X and Y. Examination of the structure 
of X and Y rDNAs with restriction endonucleases 
reveals that the X rDNA contains repeating units not 
present in the Y. Such obervations, as well as genetic 
evidence, illustrate difficulties with the hypothesis that 
recombination is the predominant mechanism preserving 
similarities between these two. clusters maintained. on 
different chromosomes. This raises the possibility that 
selection pressure has a significant role in maintaining 
the parallel evolution of these two separate but 
homologous redundant gene clusters. 





In the fruit fly, Drosophila melanogaster, there is one 
nucleolus organiser (VO) on the X chromosome and one on 
the Y. At each NO, there are 200-250 tandemly arranged 
ribosomal RNA genes (rDNA)*”. Although these genes 
reside on non-homologous chromosomes, the 18S and 28S 
RNA ‘molecules transcribed from either the X or Y rDNA 
have very similar, and probably identical, primary sequences 
as revealed by fingerprinting experiments.* Furthermore, in 
the wild- -type D. melanogaster male, which is genotypically 
XY, there is no. meiotic recombination‘ though mitotic 
recombination occurs in both both sexes’. Thus not only 
are the rRNA genes located on non-homologous chromo- 
somes but they also seem to be genetically isolated from 
one another by virtue of the absence of meiotic recom- 


-C ‘bination. - 


Attempts to duae the detailed sttolecizlar structure 
of Drosophila rDNA by electron microscopic analysis of 
actively transcribing clusters of rRNA genes have produced 
conflicting results. Hamkalo et al. found a very hetero- 
geneous rDNA unit repeat length when embryonic material 
was used. Using similar techniques, Laird and Chooi 
(personal communication) have found that two length 
classes of rDNA repeats exist, both of which occur on the 
X NO, but only the shorter one was observed on the Y 
NO. Observations on rDNA fragments produced by the 
restriction endonuclease EcoRI and cloned in Escherichia 
coli revealed two distinct size classes of repeating units, one 
17 kb (kilobases or kilobase. pairs)’ and the other, 11- 12 kb 
(D. M. Glover and D. S. Hogness, personal communication). 
We report here the distribution of these size classes on the 
X and Y NO. Our results define the restriction endonuclease 
products of the X and Y rDNA, and demonstrate that both 
NOs are similar with respect to one major class of repeating 


elements but differ decisively in their content of another 
class of repeats. 


Restriction endonuclease analysis 
of X and Y chromosome rDNA 


On treatment of unfractionated DNA of appropriate genetic 
origin with EcoRI the fragments were separated by Agarose 
gel electrophoresis and transferred to nitrocellulose filters 
according to the method of Southern". The filter-bound 
fragments were hybridised to radioactively-labelled rRNA 
and finally made visible by autoradiography. Figure la 
shows the results of a series of experiments in which 
females (X/X)} from two different wild-type strains (Ore-R 
and Lausanne) and males carrying only the Y chromosome 
NO are compared. It is obvious that the X chromosome 
contains both 17- and 11l-kb segments while the Y contains 
the 1ł-kb but not the 17-kb fragment. In addition to these 
bands, two components of about 7.4 kb and 5.4kb occur in 
both X and Y NOs. A mixture of X and Y DNA digested 
with EcoRI also displays these four bands, indicating that 
there is no apparent difference in the size of EcoRI fragments 
derived from X or Y chromosomes, When purified rDNA 
is digested with EcoRI there are, in addition to the pre- 
dominant 17-, 11-, 7- and 5-kb size classes, minor fragment 
classes of intermediate length, some of which can be seen 
as bands in Fig. 16. Somewhat similar length heterogeneities 
have been observed among Xenopus rDNA repeats”. 

From mapping studies it is known that the l1-kb and 
17-kb fragments represent complete repeating units of the 
rDNA, which are distinguishable by the insertion of an 
additional spacer sequence within the 288 gene region. 
(Glover and Hogness, personal communication; unpublished 
results of P. K. Wellauer and 1.B.D.). The nature of the 
shorter 5- 7-kb fragments is not yet analysed, but it 
seems likely that they arise from the presence of additional — 
EcoRI sites in a fraction of the repeating units. The 
other minor bands are due to additional EcoRI sites and to 
the length heterogeneity in the repeating unit. 

The difference between the X and Y NOs can be demon- 
strated by other means. The restriction enzyme from 
Serratia marscencens, Smal, yields a different fragment 
pattern from the two types of rDNA (Fig. 2). Y chromo- 
some rDNA yields one fragment about 8.5 kb long and a 
second fragment 2.8kb long, both of which hybridise to 
28S and 18S RNA. Smal digestion of X rDNA, however, 
produces a further fragment of 2.2 kb which hybridises with 
28S but not with 188 RNA (Fig. 2). Another fragment of 
2.3 kb can be seen in the ethidium bromide stained. pattern 
obtained with rDNA purified from a mixture of males and 
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4 derived bobbed mutants. Because all these bobbed mutants 
a arose by the deletion of half the rDNA repeats from an 
O% »» original NO and because each deletion arose independently, 
` x the results argue for interspersion of 11-kb and 17-kb repeat 
A lengths. It is interesting that conspicuous length hetero- 
geneity also occurs in the rDNA of most bb mutants 
> (except bb"). The bb™ mutant is actually a doublet in the 
hi 11-kb region. One band is 11 kb, the other 10 kb. bb* is ex- 

Stain tremely heterogeneous in the range 11 to 9kb, revealing 
no discrete size class at the resolution of our gel, while bb‘ 
contains bands at 11 and 9 kb and many smaller bands, Such 
extensive heterogeneity has been observed consistently 
among bobbed mutants. In wild-type rDNA length 
heterogeneity does exist, but most repeating units occur as 
the 11- and 17-kb size classes (Fig. 1b). One possible 
explanation for this heterogeneity is that bobbed mutants 
result in the preferential retention of some minor size 
classes during deletion of predominantly ll- and 17-kb 
repeats. The heterogeneity of lengths of EcoRI fragments 
in bb‘, however, are so extensive that they cannot be 
explained in this way and we must consider additional 
mechanisms for generating such variations. Perhaps this 
length heterogeneity is a consequence of the event that 
initially generated the bb‘ partial deletion. 


Fig. 2 Fragments obtained from Drosophila rDNA with 
Smal. The restriction enzyme was purified and used according 
to C. Mulder (personal communication). Fragments were 
separated and hybridised as described for Fig. I. The stained 
pattern (ethidium bromide, 1 pg ml~*) was obtained from 
purified rDNA (X/X females and X/Ybb males; because the X 
contains about 200 rRNA genes and the Ybb about 120, 83% 
. of the rDNA of this stock is derived from the X). The purifi- 
a cation of the rDNA using gradient centrifugation in the presence 

b of mercury and actinomycin D will be published elsewhere. 
The X and Y chromosome rDNA was partially purified before 





Fig. 1 EcoRI restriction pattern of Drosophila rDNA. The digestion, electrophoresis and hybridisation, Each filter lane 
enzyme was prepared according to Greene el al’. DNA of the was cut in half lengthwise and the left half was hybridised with 
indicated genotype was extracted, digested with EcoRI endo- 285 RNA, the right half with 18S RNA. The length of different 
nuclease and subjected to electrophoresis in 1% Agarose for fragments is given in kb. 


4h at 100 VY. The DNA fragments were transferred to a 
nitrocellulose filter? which was then hybridised to }**I-labelled 
rRNA, 5x10 c.p.m. pg, for 24h in 2x SSC at 60°C. The f 
filter was treated with RNase (30 pg mi!) at 37 °C for 60 min, Stain rRNA 
dried and finally exposed to X-ray film for 5-10 d. The size of X+Y x Y 
each fragment class is indicated in kb and was determined 

using EcoRI-treated 4 DNA as the standard®. a, Ore-R wild- sty Hae ala EE 

type female, Lausanne wild-type female, Ore-R female + male, 
and sct~sc?/ Y (Ore-R) male (sc*~sc* designates an x chromo- 
some that is deficient for its NO, see ref. 11); b, purified rDNA 
from a mixture of males and females that has been digested 
with EcoRI with the resulting fragments separated by electro- 

phoresis and then stained with ethidium bromide. 


females, but it does not hybridise with rRNA and does not 
appear in the autoradiogram as do the other fragments. 
Thus the analysis with Smal again confirms the presence 8.5 
of a structural difference between X and Y chromosome 
rDNA. 


Fragment patterns of 
rDNA from bobbed mutants 


To gain some insight into the relative interspersion of 17- 
and 11-kb units among each other we also analysed the 
fragment pattern obtained with EcoRI, using rDNA from 
four independently isolated X chromosome bobbed muta- 
tions. These mutations are deleted for 50-60% of their 
"DNA. If.the NO consists principally of clusters of 17- and 
lI-kb units segregated from each other, then mutants 28 
deleted for 50% of their rDNA would be expected to be rg 
under represented for one class of the repeated units. Figure 
3b shows that the rDNA in these mutants contains both the 22 
17- and t1-kb size classes and that age ae in ee w 2.2 ; ; 
same proportion to each other as in the wild type. imilar a 
oe fae been obtained with six other independently 28S 18S 288 185 
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bbS' bb? bbt bb’ 





Fig. 3 EcoRI restriction pattern of rDNA from bobbed 

mutants. DNAs from females homozygous for bb™, bb*, bb’ 

and. bb? mutations were extracted, treated with EcoRI and 

analysed by electrophoresis and hybridisation to '*1-rRNA as 
described in Fig. 1. 


Genetic mechanisms in the evolution of rDNA 


The results of the experiments described here, and 
summarised in Fig. 4, have interesting implications for the 
mechanism of redundant gene evolution. If the X and Y 
NOs were to recombine with each other (and these would 
necessarily have to be double exchanges to maintain intact 
X and Y chromosomes; Fig. 4), and different repeat lengths 
are interspersed, then both NOs would be expected to 
display similar EcoRI fragment patterns, The fact that the 
17-kb fragment is present on the X but absent from the Y 
chromosome supports earlier genetic evidence against 
recombination between X and Y rDNAs. It then becomes 
necessary to explain the fact that both the X and Y NOs 
contain apparently identical 18S and 28S RNA sequences’, 
and share three of the four major discrete size classes of 
EcoRI fragments and at least one discrete fragment (2.8 kb) 
of the Smal digest (Fig. 4). Unless genetic exchange between 
the X and Y NOs occurs on some occasions, we conclude 
that the similarities in the rDNA of these two NOs 
are maintained by selection pressure. 

Drosophila is not unique in maintaining homologous genes 
on more than one chromosome. In humans, five chromo- 
somes each contain a single NOSU, In various organisms 
the same satellite DNA sequence is frequently found to 
cluster at the centric heterochromatic regions on several 
non-homologous chromosomes". In Xenopus, the 5S RNA 
genes are located at the telomeres of at least 15 chromo- 
somes”. These are but a few examples which illustrate the 
variety of homologous genetic sites that have been found to 








39 


be dispersed throughout the genome of a given species. In 
the case of the Xenopus 5S genes, it has been suggested 
that the relative homogeneity among the 15 gene clusters 
has been maintained by recombination ™ 

In the examples cited above it has not been tested whether 
the homologous genes or satellites found on different 
chromosomes are truly identical or differ in some structural 
aspects. Furthermore, although there is some cytological 
evidence for recombination between some of these homolo- 
gous regions on non-homologous chromosomes, as in the 
case of Xenopus 5S DNA”, there is no direct genetic or 
physical evidence for such exchanges. | 

The situation with Drosophila rDNA poses a dilemma. 
in that two opposing interpretations of the available evidence 
may be proposed, both of which necessitate certain assump- 
tions. The selection hypothesis is based on the prior genetic 
evidence against X-Y crossover events and places weight 
on the absence of 17-kb rDNA fragments on the Y NO. 
With these points in mind, we conclude that the X and Y 





NOs are indeed genetically isolated from each other. The 


apparent identity of the primary structure of the 185. and 
28S rRNAs’, and the similarity of the restriction fragment 
patterns which we observe would then be due to selection 
pressures. Although it is difficult to understand how selection 
would be sensitive to details of the spacer structure and to 
every nucleotide in the rRNA sequence, it must be remem- 
bered that the functional significance of spacer DNA and all 
of the structural gene information is still obscure. On the 
other hand, the recombination hypothesis asserts that 
genetic exchanges in the form of double crossing-over events 
do take place between the X and Y NOs. Such exchanges 
would not be detected by genetic experiments, and they 
would account for those similarities between the X and Y 
rDNAs which exist. This interpretation, however, necessi- 
tates the assumption that rDNA repeats of the 17-kb class 


Fig. 4 A summary of the similarities and differences in the 
structure of X and Y rRNA genes. Since one-third of the X 
DNA resides in the heterochromatic block'* (indicated as. the 
darkened portion of the X) and since there are about 250 
rRNA genes per X NO®, this means that the X rDNA accounts 
for about 30% of DNA in the heterochromatin of this chromo- 
some. Similarly, about 30° of the DNA in the short arm of 
the Y is rDNA. EcoRI and Smal fragment sizes are given in 
kb. Infrequent EcoRI size classes such as those seen in Fig, 1) 
have not been included. Parentheses around certain size classes 

indicate they are minor components. ee 
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either cannot participate in genetic exchange or are rapidly 
eliminated from the Y chromosome NO. This is a purely 
ad hoc assumption without any supporting experimental 
basis. 

Our obsevations do not allow an unequivocal conclusion 
on the genetic and evolutionary mechanisms which deter- 
mine the structure of Drosophilia rDNA, and which may 
operate in clusters of repetitive genes in general. Neverthe- 
less, this work points up difficulties with the hypothesis that 
genetic exchanges are the main mechanism which assures 
the similarity of homologous regions on non-homologous 
chromosomes, and raises the possibility that selection 
pressures play a significant role in the parallel evolution 
of families of repetitive genes. 

This work was supported by grants from the NIH and 
the NSF, and by an appropriation from the Commonwealth 
of Pennsylvania. 
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Significance of impulse activity in the 
transformation of skeletal muscle type 
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The changes which follow cross reinnervation of mam- 
malian fast and slow twitch muscles may reflect a 
capacity of skeletal muscle to respond adaptively to 
different functional requirements. This interpretation is 
supported by experiments in which long-term electrical 
stimulation was used both to reproduce and to oppose 
the effects of cross reinnervation. 





In adult mammals the motoneurones innervating slow 
twitch skeletal muscles generate a sustained low-frequency 
pattern of activity; in contrast, motoneurones supplying 
fast twitch muscles subject them to intermittent bursts of 
more intense activity’. The characteristic physiological and 
biochemical properties of the muscles emerge late in deve- 
lopment, usually after birth, and in slow muscles this process 
seems to depend on the establishment of the adult pattern 
of motoneurone activity. If the motoneurones are rendered 
quiescent by isolation of the spinal cord a few days after 
birth, muscles which would normally have acquired slow 
contractile characteristics develop as fast muscles’, Even in 
the adult animal a fast muscle subjected to low frequency 
activity by an implanted stimulator’? undergoes profound 
changes in all the properties which normally distinguish it 
from a slow muscle**. It has been pointed out*® that this 
capacity for change would enable a muscle to accommodate 
the changing functional requirements which may be en- 
countered during an animal’s lifetime. According to this 
view, the late phase of differentiation of slow muscles in 
the neonate and the changes resulting from chronic stimu- 
lation of fast muscles in the adult both represent an adaptive 
response to continuous, low-frequency activation. The ques- 
tion then arises as to whether such a concept can provide 
insight into previous demonstrations of plasticity of skeletal 
muscle properties. The most important of these are the 
cross reinnervation experiments pioneered by Buller et al.’ 

In these experiments the motor nerves of a fast and a 
slow muscle were cut and cross anastomosed; as a result, 
the fast muscle was reinnervated by the nerve which pre- 


viously supplied the slow muscle, and vice versa. The con- 
tractile characteristics then changed, the fast muscle 
becoming slower and the slow muscle faster. The authors 
considered, but were not convinced by, the possibility that 
these changes were due to changes in the patterns of impulse 
activity reaching the muscles. Instead they proposed that 
the contrasting properties of slow and fast muscles were 


Fig. 1 Isometric twitch contractions of left and right EDL 

muscles (a) and right soleus muscle (b) recorded on identical time 

scales. The left EDL muscle (slower time course) has been 

stimulated at 10 Hz continuously for 20 weeks. Each time scale 

represents 100 ms with -ms divisions. Peak tensions are given 
in Table 1. 
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Fig. 2 Response of control soleus (a), stimulated EDL (b) and 
control EDL (c) muscles to a prolonged train of unfused tetani 
(25 Hz for 500 ms repeated every 1.25 s). The stimulated muscle 
is remarkably resistant to fatigue in these taxing conditions. 


attributable to chemical trophic influences exerted by their 
respective motor nerves; cross union of the nerves caused 
the trophic substances to be carried to muscles of the oppo- 
site type, which were then transformed in accordance with 
the new innervation. Trophic concepts were not foreign to 
developmental biology, and the hypothesis was widely 
supported. 

If cross union of the nerves interchanges the character- 
istic patterns of impulse activity reaching the slow and fast 
muscles, changes of the type observed would be in accord- 
ance with the adaptive-response hypothesis. The fast 
muscles, subjected to a continuous low frequency discharge, 
would tend to acquire slow muscle properties; the slow 
muscles, relieved of such a pattern of activation, would 
tend to undergo reciprocal changes. Although it remains 
to be confirmed that the firing pattern of a given moto- 


31 


neurone pool is fundamentally the same after cross rein- 
nervation as before, Yellin’® has reviewed indirect evidence 
which strongly supports this expectation. 

Assuming, therefore, that there is a transposition of 
activity, can this alone account for the effects of cross 
reinnervation? This question has received balanced dis- 
cussion (for example, refs 11 and 12) but has remained 
unanswered because of a lack of suitable data. We wish to 
report new evidence which makes it possible to compare, 
both qualitatively and quantitatively, the effects of cross 
reinnervation with those of a change in the pattern of 
impulse activity. 


Long term stimulation 


In their original work Salmons and Vrbová demonstrated 
marked slowing in response to long term stimulation in fast 
muscles of the rabbit and cat’. The results were confirmed 
and extended by two other groups, using different techniques 
of stimulation'***. These experiments showed that the effects 
of stimulation were significant and were not confined to a 
particular muscle or species, but the duration of stimulation 
was not sufficient to afford a basis for comparison with 
cross reinnervation experiments. As a result of improve- 
ments in the design of the stimulator and in the surgical 
technique for its implantation, we have been able to 
stimulate fast muscles of the rabbit continuously for much 
longer periods than before. We present here the results of 
two experiments, each of 20 weeks’ duration. 

The animals were operated on in strictly aseptic conditions. 
In each case the stimulator capsule was implanted intra- 
peritoneally, and the two flexible leads were passed sub- 
cutaneously to the left hind limb and fixed near the common 
peroneal nerve. The right limb served as an unoperated 
control. The animals were returned to the colony for the 
ensuing period, during which they remained in excellent 
condition and showed a normal gain in body weight. After 
20 weeks a terminal procedure was carried out in which 
isometric twitch, tetanus and fatigue characteristics were 
determined for the tibialis anterior (TA), extensor digitorum 
longus (EDL) and soleus muscles of both hind limbs. Each 
muscle was set at the resting length at which it produced 
the maximum twitch contraction. Recordings from corres- 
ponding muscles of the two sides were made simultaneously 
in controlled thermal conditions. The muscles were then 
quickly excised, weighed, frozen in liquid nitrogen, sealed 
hermetically in polyethylene sachets and stored in solid CO; 
for biochemical analysis. 

Figure 1 compares the twitch contraction of a stimulated 
EDL muscle with that of control EDL and soleus muscles 
of the contralateral limb, It is evident that the stimulated 
EDL muscle contracts even more slowly than a classical 


Table 1 Effects of long term stimulation on a fast muscle 


Maximum twitch tension (g) 
Time to peak twitch contraction (ms) 
Time from peak to half-relaxation (ms) 
Maximum tetanic tension P,(g) 
Twitch: tetanus ratio 
Maximum rate of rise of tetanic tension ( % Pa ms~) 
Ca**t-activated myosin ATPase activity (umol mg™ min ~?) 
Ca**-~activated myosin ATPase 
activity after preincubation at pH 9.2 ( umol mg min") 
Ca** uptake by FSR; initial rate (umol mg~* min!) 
Total uptake in 15 min (umol mg~) 


Physiological and biochemical characteristics of the muscles whose 
reticulum (FSR) and myosin were prepared as reported earlier®:*', 
solution containing 0.2 mg of protein per ml, 25 mM KCI, 10 mM 


Control Stimulated Control 
TA T soleus 
370 455 251 
17.0 64.9 57.2 
17.9 77.1 91.1 
3919 1829 1254 
0.094 0.249 0.200 
3.06 1.11 1.73 
0.66 0.18 0.22 
0.68 0.06 0.06 
2.19 0.21 0.56 
3.81 0.55 1.52 


twitch contractions are illustrated in Fig. 1. Fragmented sarcoplasmic 
at determine the alkali lability myosin was preincubated at pH 9.2 in a 
ris, 


10 mM CaCl, for 10 min at 25 °C. At the end of this preincubation 


period the pH was readjusted to 7.6 by adding Tris to a final concentration of 50 mM and HCI as required. The ATPase reaction was then 


started by adding ATP. 
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Fig. 3 SDS-polyacrylamide gel electrophoretograms of 
myosin prepared from control TA muscle (a) TA muscle stimu- 
lated for 20 weeks (b), EDL muscle stimulated for 20 weeks (c), 
control soleus muscle (d). Myosin light chains characteristic of 
slow muscle are demonstrable after 4 weeks of stimulation’’. 
Continued stimulation results in the successive disappearance 
of the fast muscle light chains, in the order LCar, LC, LCir 
(refs 6 and 8). 


slow muscle in the same animal. Similar results were ob- 
tained for the other stimulated fast muscles. In response to 
a prolonged train of 25-Hz tetani, the stimulated muscles 
proved to be even more resistant to fatigue than the solei, 
and showed, in the early phase of the fatigue record, the 
slight post-tetanic depression characteristic of slow muscles 
in place of the marked potentiation normally seen in fast 
muscles (Fig. 2). The biochemical results were no less 
striking, and showed a continuation of the trend described 
previously®. Table 1 illustrates typical data from one muscle 
pair. In addition to changes in these parameters, electro- 
phoretograms of myosin light chains on sodium dodecyl 
sulphate (SDS)-polyacrylamide gels revealed that the light 
chains characteristic of fast muscles had been replaced 
entirely by light chains typical of slow muscles (Fig. 3). 
There was also evidence that the heavy chains of myosin 
had been replaced, since myosin from the stimulated muscle 
lacked the N-t-methylhistidine amino acid residue character- 
istic of fast muscle heavy chains. Both these observations 
agreed with our earlier findings for shorter periods of 
stimulation“ * s, 

These results represent a degree of transformation which 
matches or exceeds that of muscles cross reinnervated for 
much longer periods. We have shown, for example, that 
stimulation even for 12 weeks is enough to bring about the 
replacement of light and heavy chains of myosin noted 
above, yet both processes are still incomplete 1 yr after 
cross reinnervation*™. The effects of a change in the pattern 
of impulse activity are therefore sufficient to account both 
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qualitatively and quantitatively for the changes which result 
from cross reinnervation. 

Equality of effect, however, does not necessarily imply 
equivalence of mechanism. It could be argued that changes 
in impulse activity and cross union of motor nerves achieve 
similar end results by different routes. To examine this 
possibility, we designed a null experiment in which the 
effects of long term stimulation would be set in opposition 
to those of cross reinnervation (for a preliminary account 
see ref. 17). 


Stimulation versus cross reinnervation 


In a group of 20 rabbits the common peroneal nerve and 
the motor nerve to the soleus muscle were exposed using a 
lateral approach (A. R. Luff, personal communication). One 
of the branches of the deep peroneal nerve supplying motor 
fibres to the fast muscles TA and EDL was carefully dis- 
sected free, cut and gently apposed to the peripheral cut end 
of the soleus nerve, using a single suture of 9/0 or 10/0 
nylon. The reciprocal cross union was not performed, to 
provide conditions which favoured cross reinnervation of 
soleus but militated against self reinnervation by its original 
nerve. Since the bulk of the common peroneal nerve was 
left intact, the functional impairment incurred by this opera- 
tion was minimal. Bight weeks after cross union, a stimu- 
lator was implanted in each of ten animals, subjecting the 


QS 
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Fig. 4 Isometric twitch contractions of soleus muscles. In each 
case the left muscle of the pair has been reinnervated by the 
motor nerve from a fast muscle as a result of nerve cross union 
16 weeks previously. In the upper picture the left muscle shows the 
increase in contractile speed which is the well documented con- 
sequence of cross reinnervation. The left muscle in the lower 
picture had been subjected to tonic stimulation through the new 
innervation for the previous 8 weeks; it exhibits a time course 
of contraction slightly more prolonged than that of the control 
muscle. Contractions of the left soleus muscles were elicited by 
stimulation of the left common peroneal nerve. In this and all 
other experiments of the series evidence for self reinnervation 
was sought by stimulating the left tibial nerve. The tension 
record then showed a small excursion of irregular shape and rapid 
time course (time to peak 20.07+-2.30 ms) which we attribute 
to residual mechanical cross-talk from the subjacent flexor 
hallucis longus muscle. In no instance was there any, evidence 
of the slow twitch contraction which would have been indicative 
of self reinnervation. 


Nature Vol. 263 September 2 1976 


saneeecvecinc ahha AATAS PSSST PTR STUNNER NAS =P Unit HN INTER RISO RY 


Table 2 Characteristics of cross-reinnervated soleus muscles subjected to stimulation 


(a) 
Cross 
innervation 

alone 
Time to peak twitch 25.7 +40.7 (P < 0.001) 
contraction (ms) (n= 6) 
Time to half-relaxation 26.7 +1.6 (P< 0.001) 
(ms) (n= 6) . 
Twitch—tetanus ratio 0.15 ara {P < 0.01") 

n=5 
Max. rate of rise 2.86 -+0.17 (P < 0.001) 
(%Pams ~?) n=5) 
Ca?* -activated ATPase 0.48 + 0.06 {P < 0.001) 
(umol mg~! min ~+) (n==6) 
Alkali lability (% loss 12.4+6.3 (P < 0.001) 
ATPase activity) n= 6) 
Ca?* uptake by FSR: 1.42+0.24 (P < 0.01) 
initial rate (umol mg ~ min ™) (1=6) 
total uptake (mol 2.19-+0.10 (P < 0.001) 
mg~?' per 15 min n= 6) 
ATPase (mol 1.68+0.29 {P < 0.05) 


mg ~ min?) 





(b) {c) 
Controls Cross 
innervation & 
stimulation 
§5.54-2.9 (P > 0.2) 63:54:65.3 
74.2 -4-5.0 (P > 0.9} 72.9413.7 
(n= 16) n==6) 
0.21 +0.01 (P > 0.2*) 0.1640.03 
n= 15) (n= 4) 
1.74-+0.14 (P > 0.2) 1.3640.21 
n== 13) {n=} 
0,26 +-0.02 (P > 0.6) 0.28 +. 0.04 
(n=: 27) (n= 5) 
60.6+2.8 (P > 0.5) 57.7426 
(n= 15) (n== 5) 
0.64 -+-0.11 {P > 0.2) 0.36 +0.09 
(n=17) ne $} 
1.33+0.09 (P > 0.8) 1.15+0.31 
n= 17) n= 5) 
1.14+0.12 (P > 0.2) Q.814-0.17 
(n= 17) (n= 3) 





*Paired z test. 


Physiological and biochemical characteristics (mean--s.e.m.) are given for: a, soleus muscles cross reinnervated by a fast muscle nerve; 
c, muscles treated similarly but subjected to chronic stimulation during the last 8 weeks of the 16-week experimental period, and 6, contro! soleus 
muscles, The data in columns (a) and (c) have been compared with control data in column (b) and P values for the differences assigned in each 
case. Except where noted, significance was assessed using Student’s ¢ test on the unpaired data. Additional control muscles have been included to 
establish reliable baselines and to provide more stringent conditions for the test of non-significance on the right hand side. In spite of the low 
mean value for the twitch-tetanus ratio in column (c), two of the animals in this group showed a higher twitch-tetanus ratio for the experi- 
mental muscle than for the contralateral control muscle. Of the muscles subjected to cross reinnervation alone (column (a}), none had a twitch 


tetanus ratio greater than 60% of that of the contralateral control muscle. 


cross reinnervated soleus muscle to a continuous train of 
impulses at 10 Hz delivered through the new innervation. 
These muscles would therefore have a pattern of activation 
substantially similar to that which preceded cross innerva- 
tion. In the remaining animals dummy electrodes were 
implanted which were not connected to a stimulator. The 
rabbits were operated in matched pairs so that the two 
groups comprised animals with comparable histories. After 
a further 8 weeks the muscles were examined in a terminal 
procedure similar to that described above. 

The adaptive response hypothesis required that the usual 
consequences of cross innervation be totally absent in the 
muscles which received stimulation. This expectation was 
indeed borne out. In Fig. 4 twitch contractions of soleus 
muscles from one pair of animals are compared. In the 
animal with dummy electrodes the cross innervated soleus 
muscle shows the usual substantial increase in the speed of 
contraction and relaxation. In the animal with a stimulator 
the cross innervated and stimulated soleus muscle contracts 
and relaxes even more slowly than its counterpart on the 
control side. Table 2 gives values for a broad range of 
physiological and biochemical variables measured in the 
two groups of animals. In each parameter the cross 
reinnervated soleus muscles differed significantly from the 
control muscles, whereas the muscles which were both cross 
reinnervated and stimulated did not differ significantly from 
the controls. Gel electrophoretograms of myosin light 
chains confirmed the presence, in cross reinnervated soleus 
muscles, of light chains characteristic of fast muscle, as 
reported previously"; on the other hand, cross reinnervated 
soleus muscles. Since it is highly unlikely that different 
chain patterns indistinguishable from those of control 
soleus muscles. Since it is highly unlikely that different 
mechanisms could produce such a detailed complementarity 
of effect we conclude that the effects of impulse activity 
and those of cross reinnervation are mediated in the same 
way. 

A converse experiment would be to cross reinnervate a 
fast muscle with a nerve which previously supplied a slow 
muscle, and then relieved the muscle of the activity imposed 


by the new innervation. In fact this experiment formed 
part of the original study by Buller et al’. No effects 
attributable to cross reinnervation could be discerned when 
steps had been taken to abolish normal motor activity by 
section of the spinal cord and lumbosacral dorsal roots. It 
was noted at the time that this observation could be inter- 
preted within the framework of the trophic hypothesis if 
the synthesis, transport or release of trophic substances 
were dependent on the passage of nervous impulses, The 
finding is, however, equally well understood in terms of a 
more direct role of impulse activity, and as such is fully 
consistent with the other results presented here. 

In summary, the data now available point to two general 
conclusions. (1) In the absence of an actual change in the 
pattern of impulse activity reaching a muscle, cross reimner- 
vation has no significant effect. (2) A change in the pat- 
tern of impulse activity unaccompanied by a change in the 
motor innervation can produce effects equalling or sur- 
passing those brought about by nerve cross union, 


Implications for nature of neural influence 

These observations rule out the possibility that the physio- 
logical and biochemical differences between fast and slow 
muscles are attributable to fundamental differences in the 
chemotrophic character of their motor nerves. Therefore 
in seeking an explanation of the neural influence on muscle 
differentiation we may confine our attention to impulse- 
dependent mechanisms. The data are not incompatible 
with the secretion of a trophic substance or substances by 
those a motoneurones, irrespective of type, which sustain a 
particular pattern of activity’. Such an hypothesis, how- 
ever, now seems unnecessarily elaborate, for we have shown 
that the same phenomena can be explained just as 
adequately in terms of events taking place wholly within 
the muscle. According to this interpretation, gene expres- 
sion in skeletal muscle is subject to the regulatory influence 
of one or more substances whose intracellular concentra- 
tions alter as a consequence of changes in the level of 
contractile or metabolic activity. Such a shift in emphasis 
from explicit chemical control by the central nervous 
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system to adaptive regulation by the muscle may prove to 
be a more fruitful concept in the design of future experi- 
ments in this area. 

This work was supported by grants to S.S. from the 
MRC and to F.A.S. from the NIH, the NSF and the 
Muscular Dystrophy Association of America. S.S. thanks 
Mr D. R. Gale for his technical assistance. 
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Spectral characteristics 
of transient X-ray sources 


THE transient X-ray sources A1524—62 and A05354-26 were 
briefly observed by the University College, London, propor- 
tional counter spectrometer, experiment C on the Ariel V 
satellite (P. W. Sanford and J. C. Ives, unpublished). The 
resulting spectra help to complete the spectral history of these 
two sources, making seven sources for which there is now 
extensive spectral information. A general scheme emerges from 
these in which the sources with hard spectra (1 < 2) show little 
spectral evolution and those with soft spectra (n > 2) exhibit 
marked softening with time. We discuss here this subdivision in 
relation to other properties of the sources. 

The X-ray transient A1524-- 62 was first reported by Pounds? 
and a detailed light curve has been presented by Kaluzienski et 
-al.2. These authors reported that the spectrum before peak 
intensity showed a slight softening, with the data at the pre- 
cursor maximum being well fitted by a power law spectrum of 
photon index ~ 2.5 and with no measurable soft X-ray absorp- 
tion (< 102? atoms cm~’, Io). Their data were not consistent 
with an isothermal Bremsstrahlung X-ray spectrum. 

This source was observed by experiment C for two days, 
February 6-8, 1975, well after peak intensity, and the mean 
intensity in the 3~6-keV energy band was found to be 0.183 + 
0.001 photons cm~? s~? (Io), in good agreement with Kalu- 
zienski et al.2. The orbit-by-orbit intensities showed no variability 








Table 1 Best fitting spectral parameters for A1524—62 and 
A0535 +- 26 


marmara cts Sneath RAHA Are Ram a me 


Power law spectrum Exponential spectrum 





A1524—62 AN/dE = AN/dE = Aexp(—E/kT) 
A0535 +26 AE~" exp(— Nua) E~ exp( -— Nyo) 
A 30.6+3.0 §.2+0.5 
nor kT 4.23 +0.07 1.43 -+0.05 
Nu (3.40 -4-0.07) x 107? (TA +-0.8) x 107! 
x? for 8 df 
256 465 
A 1.3 +0.08 Data not 
nor kT 0.67 +0.03 consistent with 
Ny No detectable cutoff single temperature 
(<1 10%) fit 
x? for 29 df. 14 


SOOS a reaa 


g is the Brown and Gould? absorption cross section. 
The errors are 1 s.e., and are calculated by the least squares 
program used to fit the trial spectra. 


outside the 30 uncertainties, setting an upper limit of 10% on 
intensity changes at the time scale of hours. 

The spectrum obtained by integrating the data over this 
period is shown in Fig. 1 together with the best fitting power 
law spectrum. The best fitting parameters for both power law 
and exponential trial spectra are given in Table 1. The power 
law spectrum (index 4.23 +0.07) gives a better fit to the data, 


Fig. 1 The spectrum obtained during the 2-d observation 
of A1524—62. The continuous curve is the best fitting power 
law spectrum whose parameters are listed in Table 1. 
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Table 2 Summary of the characteristics of the seven most extensively observed transient X-ray sources 





te T, T Spectral parameters* Ims = D La Comments (OC = 
Source (d) (d) (d) Rise Peak Decay | Decay 2 (ergcm7*s~') (kpc) (ergs) Optical candidate) 
Cen X-4 4 6 40 n | A i wy as ; 0 5x107 
efs 7, 8 va e a = € ae ¥: ‘to ge à g 
30i 543 -47 4 10 100 2A 3 4 4 4x107? 3 4x 10 OC = Variable (AM 
refs 9, 10 (3.5 keV) (2 keV) = 0.06) M giant 
co, < 107? 6 x 10% 
A1524~-62 4 30 60 z 1.5-2. $ ; Pere 5x10 
< see text Nu < 10" 4x 10? | SREP P 
A1118—61 3 7 a 10 09 Oi} 4x107 3 4x10% Pulsating (P = 4053). 
o refs HI-13 Na 4x10° 4x107 4x10? OC = Variable (AM 
aaa i Í = 0.1) Be Star 
A1743 —28 18 90 n 3 ui 3x107 10t 3x10% 
< refs 14, 15 N 1023 1 ee eee 
A0535-+.26 6 20 n 0.67 0.8 11 5x 1078 1 5x10"  Pulsating (P = 1048), 
refs 16, 17 Na < 10% < 10% <10? ) She le (AM 
A0620 -00 5 n 16 5 5 1x108 2 4x10 OC = Blue star, var 
refs 18, 19 (1.3 keV) ied by AM = 8 in co- 
Nu < 10°? §x 10? 3.9 x 107 incidence with X-ray 


outburst 





tr = Time for intensity to increase from (Zmax @~') to fast T, = time for intensity to decrease by a factor e after Maximum intensity: Ty. = 
sources Cen X-4, 3U1543-—-47, A1524—62, A1742 --28 exhibited a second slower decay of e-folding time t}. Sources Cen X-4, 3U 1543 -47 
showed a further rapid decay, after (1-2) x ty, leading to their disappearance: Jina, = intensity at maximum; D = estimated distance: Leas = 


luminosity at maximum. 


*For comparison, all spectra are described in terms of photon indices. Where not quoted directly, it has been roughly calculated from the 


reported temperature, which is also quoted in parentheses. 


tUnpublished revised values of n and Ny, following calibration of Ariel V experiment C on the Crab Nebula. oe f 
{Distances have been estimated from proposed optical identifications, except for A1742 --28, the galactic centre nova, for which the 10 kpe is 


based on the celestial position and observed high column density?. 


but both spectra require significant soft X-ray absorption, 
equivalent, in the case of the power law fit, to a neutral hydrogen 
column of (3.40 +-0.07) x 1072 atoms cm~?. The spectrum thus 
shows that a considerable spectral softening occurred in the 
source at or after maximum intensity. 

The transient A0535-+-26 was observed by one or more of the 
Ariel V satellite experiments during the period April 13~June 6, 
1975, and again between June 21 and August 15, 1975. The 
light curve (A. P. Willmore, unpublished) is fairly typical of 
other transient X-ray sources, with a precursor peak, a rise to 
maximum intensity (on May 1), followed by a quasi-exponential 
decay (time constant ~ 20d). A subsidiary peak of 15° of the 
maximum has also been reported. 

A0535 +-26 was observed by experiment C on April 28, that is, 
before maximum. The resultant data are shown in Fig. 2, to- 
gether with the higher energy data from the crystal scintillator 
experiment on Ariel V (ref. 4). The experiment C data are best 
fitted by a power law spectrum with photon index of 0.67 +-0.03, 
without measurable cutoff (see Table 1). However, neither a 
power law spectrum nor a single temperature exponential 
spectrum is consistent with the combined low and high energy 
data. Ricker ef al., from a balloon experiment on June 1, also 
found spectral steepening at higher energies not consistent 
with a single temperature exponential spectrum. 

Comparison of the spectral data between 2 and 20 keV 
obtained by experiment C just before maximum, and by 
Ricketts ef al.®, suggests a slight spectral softening during the 
decay at these energies, but not so marked as for other X-ray 
transients. 

The information on the most extensively observed transients 
is summarised in Table 2. A detailed review concerning the 5 
most recent sources has been given by Willmore (unpublished). 
We stress that the values reported in Table 2 not directly 
given in the quoted literature, but estimated on the basis of the 
available information, are only indicative. This applies to the 
majority of the quoted time scales and to some of the spectral 
indices. 

All the time scales are broadly similar, ranging from a few 
weeks to a few months, but this probably arises from observa- 
tional selection effects. In fact there are indications of both 
faster?” and slower?! transients. Nonetheless, we are probably 
discussing a group of substantially similar events. Among the 
theories proposed for ‘X-ray novae’, variable accretion on to 


compact objects in binary systems (refs 10, 15, 20, 22, 23, and 
F. K. Li, G. F. Sprott and G. W. Clark, unpublished) seems 
the most natural, in view of the similarities with known binary 
X-ray sources and the independent evidence of intermittent 
mass exchange in binary systems. The time scales should then 
be associated with the mechanism that drives the mass transfer. 


Fig. 2 The spectrum of A0535426, The experiment C data 
points for day 118, 1975 (1.5~-15 keV) are combined with those 
reported by Coe ef al* (20-120 keV) for days 116-118, 1975. 
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It is apparent from Table 2 that, in their spectral characteris- 
tics, A1118—61 and A0535+26 are similar to each other and 
different from the other five sources. The first two have very 
hard spectra (n ~ 1) which do not show strong variation with 
phase. The other five have spectral indices at, or after, maximum 
ofn ~ 3-5 and in four cases where spectral observations before 
maximum are available, there is evidence that the spectrum has 
varied, evolving from a hard to a soft state. In three cases the 
variation is froma œ 1 to n ~ 35. 

Moreover, the two hard sources exhibit regular pulsation and 
the proposed optical counterparts are Be Stars (M 2 10 Mo), 
while for the other five pulsation has not been observed and 
the available optical identifications (for 3U1543—47 (ref.24) and 
A0621—00 (ref. 25)) indicate low mass companions. (The 
absence of further possible identifications in this group is 
consistent with this.) 

It has been pointed out (L. Maraschi, A. Treves and E. P. J. 
yan den Heuvel, unpublished) that among all galactic X-ray 
sources there exists a strong correlation between the occurrence 
of pulsation, the hardness of the X-ray spectrum and the 
association with systems containing bright early type stars. 
The analogous grouping within the more limited sample of 
transients therefore acquires significance, and can be interpreted 
simply as reflecting the difference between the two classes of 
systems, of which Cen X-3 and Sco X-1 can be taken as proto- 
types. It is not clear why the spectral type of the primary star 
should be related to the properties of the X-ray emission from 
the compact companion and a possible mode! is discussed by 
Maraschi et al. The different spectral evolution of transients of 
the two groups is an important fact to be considered in models 
accounting for the different X-ray characteristics of the the 
two types of binaries. 


L. MARASCHI 
Laboratorio di Fisica Cosmica e Tecnologie 
Relative del CNR, 
Istituto di Fisica dell’ Universita Milano, 
Milano, Italy 
H. E. HUCKLE 
J. C. Ives 


University College London, 
Mullard Space Science Laboratory, 
Holmbury St Mary, 

Dorking, Surrey, UK 


Roceryod March 29; accepted July 20, 1976. 
Pounds, K. A, IAU Cre., No. 2729 


1 1974). 

2 L, J., et al., ae Pia , 201, L121 (1975). 

3 proni es and Gould, J., s Rer. D., 1, 2252, (1 R 

AT , G. F., Engle, A. R, and Quenby, J., Natmre, 256 630 
5 Ricker, G. R , et al., F Lett., 204, L73 (1976). 

6 . L., Page, C.G, Pounds, K A , Nature, 256, 
7 Evans, W. D., Bollan, R. D , and Connor, J. P., Astrophys. J. Lett., 159, L37 


Rickotis, M. j., Turner, 
631 (1 : 
. D., Belan, R. D., and Connor, J. P., Proc. Comf. Tramstent Cosmic 
ad A fay To Las Alormos, New Adexsco (1 
9 pru a ., Connor, J. P., and Hyans, W. D., Proc. Conf. Transient Cosmic 


10 Mani a R. Se -A ra A A and T baum, H. 
p 6 P ? anan P 

Astrophys J. Lant y 174,133 (ISTR. 

11 Chevaber, C., and 3. A., LAU Circ., No. 2778 (1975). 

12 Byles, C. J, Skinner, G. K., Willmore, A. P., and Rosenberg, F. D., Nature, 


S77 (1975). 

13 we LG Ted, P. W. and Bell-Burnoil, $. J., Narre, 254, 578 (1975). 

14 Eyi G Jo, Skinner, G. K., Willmore, A. P., and Rosenborg, F. D., Nature, 

15 G.. Ives, J. C, Sanford, P. W., and Maraschi, L., Mon. Not. R 
astr. Soc., 17%, 47 (1976). 


16 Liller, W., [AU Circ., No. 2780 (1975). 
17 pon: FD. Hyles, C. J., Skinner, G. K., and Willmore, A. P., Nature, 
18 Biv, M., SG Pounda, K. $ , Buoketia, M. In and Tomer, M- I. L., 
Nature, 1 : 
19 Ricketts, M-J; Pounds, K. A., and Turner, M. J. L., Nature, 257, 657 (1975). 
29 Kalnes; Bu Cuny i Murray, 3., Tananbaum, H , and Gacconi, R., ri 
J. Lett , 169, L99 (1971). 
11 Clark, Q. W., Lectures at the Enrico Fermi Sumner School on and Astro- 
Nextroa Sterx and Black H aad Italy, 37D. 
12 Fabian, A. D., Mon. Not. R astr. Soc., 173, 161 (1 5). 
24 and St Tillet aa ERAN aki (197 
oman, W., , W. s. J. Lett., 
3 Clements, $. Nature, 257, 


25 Wary (oT Ponston, M. V., Murray, C. A., and 


80 
i a 


47 
60 


z 


Nature Vol. 263 September 2 1976 








The nature of association of equatorial 

spread F with magnetic activity 

STATISTICAL studies based on a published data of fF, have 
revealed that equatorial spread F depends inversely on magnetic 
activity during the sunspot maximum period but tends to 
disappear or even become positive in some seasons during the 
sunspot minimum period’—*. Somayajulu et al‘, using a 
different technique, considered the occurrence of spread F 
during different phases of magnetic storms, and they concluded 
that the initial storm phase does not have any inhibiting effect 
on spread F occurrence and that spread F occurs in general 
during the main phase of the magnetic storms. They observed 
that, during the recovery phase when the field value is quite 
different from the normal value, there is no spread F but it is 
present when the magnetic field value is close to its normal 
value. To investigate this discrepancy with the earlier results 
further, the spread F behaviour has been studied‘ in relation to 
K, indices, and for the Trivandrum data of 1970, and though 
the overall correlation between spread F and magnetic activity 
is negative, occurrence of spread F was found to decrease 
initially with increasing ZK, and then to start increasing at 
higher £K, values. The effect of magnetic activity on equatorial 
spread F is reported here. 

Equatorial spread F starts generally around 1900 Laut and 
lasts for a few hours. On some occasions, however, it persists 
throughout the night’. We have examined quarter hourly 
ionograms, during onset and development phases of spread F, 
from Trivandrum (dip—0.6°S) for 1970, and from Kodaikanal 
(dip —3.5°N) for 1969 and 1964, and the /-plots of Huancayo 
(dip—1°N) for 1968 to study the characteristics of spread F 
during its onset and development phase with magnetic activity 
as indicated by K, indices. For this, the K, indices for 1800- 
2100 ut of Trivandrum and Kodaikanal and 1900-2200 LMT 
of Huancayo were used. The shift of 1h for Huancayo was used 
because K, as given in the Solar Geophysical Data corresponds 
to that particular 3-h interval. The daily sum of A, indices, 
represented by EK, was also calculated. The spread F data 
were grouped according to K, and ŁK, and percentage 
spread F was estimated for each (Figs 1-3). 

In Figs 1-3, vertical bars indicate the 95% confidence 
limits. The yearly average sunspot numbers for the year 1968, 
1969 and 1970 are 106, 106 and 105 respectively. These three 
years correspond to the period around sunspot maximum in 
that particular solar cycle and the year 1964 corresponds to the 
sunspot minimum (with a sunspot number of 10). In the 
following discussion no distinction is made between 1968, 
1969 and 1970 in regard to the sunspot activity. 

The most striking features of Figs 1, 2 and 3 is the reversal 
of the trend of variation of occurrence of spread F with 
increasing K, value. This starts decreasing with increasing A, 
but at a particular value of K, it starts increasing again. It is 

Fig. 1 Percentage occurrence of spread F at Trivandrum (75°E) 

against (a) the Kp index during 1800-2100 Laur (correlation 

coefficient = —0.19) and (b) against EK, for the whole day 
(correlation coefficient =: —0.29). 
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- Fig. 2 Percentage occurrence of spread F at Huancayo (75°W) 

against (a) Kp index during 1900-2200 imr (correlation 
coefficient = —0.12) and (b) ZK, during the whole day (correla- 

tion coefficient = —0.1). 
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even greater at the highest K, value compared to that at the 
quietest condition (K, = 0), as can be seen clearly from Figs 
2 and 3. In Fig. 1 the two are almost equal. The value of K, at 
which the reversal occurs at Huancayo is less than that at 
Trivandrum and Kodaikanal. Another important feature is that 
the decrease in spread F with K, is rather slow initially at 
Trivandrum and Kodaikanal compared to that at Huancayo 
but later the opposite is true. For 1964 the general level of 
spread F is low at Kodaikanal as can be seen from Fig. 3. 
The reversal of the trend is seen as for the sunspot maximum 
year but with a major difference: it occurs at a much lower 
value of K, (= 1). The correlation coefficients between spread F 
and K, index are also shown in Figs 1, 2 and 3. They are all 
negative except for 1964 at Kodaikanal. The coefficients are all 
>95% confidence limit. This shows that though the relation- 
ship between K, and spread F reverses at high K,, the overall 
correlation between the two remains negative in accord with 
the earlier results'~*. The overall negative correlation obviously 
arises because days with high K, value (or EK,) are less 
numerous than those with low K, value (or EK,). 

It is known that the onset of spread F is earlier in the period 
of sunspot maximum compared with its onset in sunspot 
minimum period. We have here considered the same 3-h 


= Fig. 3 Percentage occurrence of spread F at Kodaikanal (75°E) 
against the Kp index during 1800-2100 Lar. ©, Data for 1969, 

correlation coefficient = —0.09; 0, data for 1964, correlation 
coefficient = + 0.12. 
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period (1800-2100 mT) both for sunspot maximum and 
minimum years for Kodaikanal As such, the occurrence of 
spread F during the onset and development phase of spread D 
in the sunspot minimum period may be underestimated. Its 
variation with K, may not, however, be affected. 

The reversal at a lower Kp value for Huancayo during the 
sunspot maximum years is quite likely to be true for the 
sunspot minimum period also. One would then expect that the 
occurrence of spread F starts increasing right from K, = 0. 
This may result in comparatively more spread F at Huancayo - 
during sunspot minimum relative to that at sunspot maximum 
because there would be more days with low K, than with 
high. In fact many investigators? reported just this. 
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v.Lf. emission from ring-current electrons 





v.Lf. emissions associated with the enhancement of ringe 
current electrons during magnetic storms and substorms have 


been detected by the satellite S*-A (Explorer 45) on an equa- 


torial orbit’. The emissions observed near the geomagnetic | 


equator consist of essentially two frequency regimes: one above 
the electron gyrofrequency at the equator, f,-~the electrostatic 
mode“, which peak near (7+4)fu, where n is positive integer 
(emissions up to n = 10 have been observed*)—-and the other 
below fu—-the whistler mode, which has a conspicuous gap at 
exactly fa/2. Here we describe the characteristics of this vif, 
emission and the associated enhancements in electron intensity 
as well as the anisotropies of the ring-current electron distribu- 
tion, and we also give an interpretation of the bimodal frequency 
distribution of the equatorial whistler mode emissions: This 
distribution has been known for the past few years but has not 
been well explained®’. 

Figure | is a part of the wide-band data obtained during the. 
main phase of the December 17, 1971 magnetic storm, Figure 
la is the a.c. magnetic field data measured by the search-coil 
magnetometer with the upper cutoff near 3k Hz(ref. 8)and Fig, 1h 
is the a.c. electric field data obtained by the electric field sensor 
with the upper cutoff of 10 kHz (ref. 9). The figure (a and b) 
shows the time sequence of the observed emissions along the 
inbound orbit (No.101) of the satellite as 4, changes from 
~3.0 kHz at 2000 uT to 6.0 kHz at 2100 ur. Although the 
automatic gain control of the sensor produces occasional 
spurious intensity variations, it should be noticed that emissions 
at frequencies > f,,/2 are generally stronger and more continuous 
than those < fa/2. 

Another example of the equatorial magnetospheric v.Lf. 
emissions is shown in Fig. 2, where the emission data, which 
were observed during the substorm on January 22, 1972, are 
digitised in l-min bins and are normalised by the value of fa 
computed from onboard magnetometer data. Shown intheupper 
portion of Fig. 2 is the magnetic latitude of the satellite at the 
time of the observations. The dark and light shades correspond 
to the electrostatic mode and the whistler mode emissions, 
respectively. The frequency of occurrence graph, on the right, 
shows that the whistler mode has a bimodal frequency distribu- 
tion with a sharp dip at exactly fa/2. 

The variations of the. differential electron intensities 
(cm~*s~'sr~? keV ~) for the same date are shown in Fi or 
electrons of 90° pitch angle and for electrons with the: st 
observable pitch angle (close to 25°). The difference | af 
these two plots for each energy is a manifestation of tH é pitch- 

angle anisotropy and is indicated by the vertical hatched lines. 
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of the v.Lf. emission event during the main phase of the geomagnetic storm on December 17, 
(f < 3 kHz) and an a.c. electric field ( f < 10 kHz), are 
the universal time, uT (2) a measure of geocentric distance of the satellite in the equatorial plane, L (in Re units); (3) the 
local time, MLT. The electron gyrofrequency, fy, changes from 3,067 kHz at 2000 uT to 3,662 kHz 


1971. The emission of an a.c. 
indicated in (a) and (4) respectively. The numbers shown at the 
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Fig. 

by the S*-A satellite during the substorm on January 22, 1972. 

The frequency distributions made by accumulating the number 

of occurrence in each frequency 

are shown on the right side of the figure. There is a Conspicuous 

dip in the bimodal frequency distribution of the whistler-mode 
emission at exactly /y/2. 





The times indicated by horizontal hatched lines and grey shade 
are the periods when the emissions shown in Fig. 2 were 
observed and when the satellite is inside the plasmasphere, 
respectively. A short period around 0700 ut (approximately 
2000 uit-—inside the plasmasphere) represents the double 
structure of the evening side plasmapause’. 

We can see that the v.l.f. emissions are observed only when 
the satellite is outside the plasmasphere and that the beginning 
of the emission coincides with the satellite’s encounter with the 
large electron fluxes there. It should be noticed, however, that 
the increase in the electron intensities associated with this 
observed v.l.f, emission is limited to the low energy electrons 
only (<6 keV for this event). 

To see the energy spectrum of electrons, the flux spectrum at 
0730 ut on January 22, 1972 is plotted in Fig. 4. The mean quiet 
period spectrum observed by this satellite, which has been given 
by Lyons and Williams’? is also plotted for comparison. 
Approximating these energy spectra and the pitch angle distri- 
bution of electrons by 

HEE” sin™a {1} 
The parameters n and m for three energy regimes are also shown 
in Fig. 4. We can see that not only the intensity increase but also 
the anisotrophy is larger in the lower energy electrons. 

The growth rate of waves excited by resonant electrons 
increases with increasing anisotropy of the electrons, and the 
peak of emission shift to higher frequency as the anisotropy of 
the resonant electrons increases, particularly for the soft spec- 
trum electrons. For electrons obeying equation (1), the peak of 
emission is >fy/2 for m22 with nzi (ref. 11). The emission 
above f,/2 can be also excited by the cyclotron instability of a 
plasma composed of thermal and quasithermal (20-50 eV) 
particles if the anisotropy of the quasithermal plasma is suitably 
large!?, The $°-A satellite did not, however, carry detectors for 
these low energy plasma particles. 

Since the resonance energy, Ex, for electrons encountering the 
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whistler waves of frequency, f, is given by 


| f 
E Spel (Oy Wee (2) 
Er Af i) 
where ` 
B? fua . 
T = 250 2) (keV (3) 


<B, N and fp are the magnetic field intensity, plasma 
-density (em~*) and plasma frequency (kHz), respectively, the 
energies of electrons resonating with the whistler waves of 
frequency f>fy/2 are always smaller than those for f<fy/2. In 
this sense, the large electron intensities shown in Figs 3 and 4 are 
able to excite only the emissions of higher frequencies, f 2 fy/2. 


Fig. 3 Variations of the directional differential electron intensities 
(em7*s~'sr- keV ~) on January 22, 1972. The two lines for 
each energy correspond to the intensities at pitch angle 90 (x) 
and of the smallest observed pitch angle (close to 25°) (@). 
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Fig. 4 Differential energy spectra of the enhanced ring current 
electrons during the v.f. emission event compared with the 
mean quiet time spectrum (W. The shaded part between two 
directional intensities (> for 90°, © for 25°) shows the aniso 
tropy of the increased electron intensities at different energies. 
The parameters n and m for three energy regimes are also 
indicated in the respective parts of the curves. 


On the other hand, because of the ~ 11° tilt of the Earth’s 
magnetic dipole axis from the rotation axis and the small 
inclination (~ 4°) of the S?-A satellite orbit, emission events are 
occasionally observed off the equator. Figure 5 shows one 
example which was observed during the substorm on January 
18, 1972. The notation is the same as in Fig. 2, and as indicated 
by the line in the upper left, the magnetic latitude of the satellite 
during the event was > 10°. 

From this figure, we can see that the frequency distribution 
>fy/2 differs significantly from those of the near equatorial 
events, indicating that the off-equator propagation of this 
>fu/2 magnetospheric emission is non-ducted, On the other 
hand, the emission < fa/2 is similar to that observed near the 
equator. It seems therefore that these waves are duct-propagated 
with an upper cutoff of fa/2, which was known from the investi- 
gation of whistler propagation in both ground and satellite 
observations!?"44, 

Based on the information described above, the formation of 
the bimodal frequency distribution of the equatorial whistler 
mode emissions with a sharp dip at f,/2 can be explained as 
follows: (1) The emission > f,,/2 is produced near the equator by 
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Fig. 5 The normalised frequency distribution. In this off- 

equatorial emission event, the emissions > fy/2 are weaker than 

the emissions < fy/2 and the frequencies are quite different 
from the near equatorial results shown in Figs I and 2. 


the enhanced ring-current electrons, resonating with the weak 
broad band whistler-mode noises which are found quite gener- 
ally in the region of 35 L$ 10 of the Earth's magnetosphere; 
(2) the emissions <f,,/2 are produced in a similar manner near 
the equator but slightly outside the observing location, where 
the magnetic field is weaker, the corresponding gyrofrequency, 
fa’, is significantly smaller than that at the observing location, 
fa; B) those locally produced emissions with f> f,,’/2 propagate 
unducted off the equator in the magnetosphere, and are reflected 
back towards the equator from the regions where the lower 
hybrid resonance frequency, funr, exceeds the frequencies of 
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these waves!*, as depicted schematically in Fig. 6; (4) the 
reflected waves propagate toward the equator in the narrow 
density-enhanced ducts whose upper cutoff is fa/2 (refs 13-15). 

Since fu’ < fa, we can find, for example, that the emission pro- 
duced at a frequency f~0.55 fu’ (that is, f>fu’/2) arrives at the 
observing location with f= 0.45 fa (that is, f</fy/2), as 
indicated in Fig. 6. 

This idea for the formation of the bimodal frequency distri- 
bution with a dip at fa/2 (which is also called “the band of 
missing emissions” in geomagnetic equatorial whistler emissions, 
such as chorus!:2:*) has other support. Data gathered by the 
OGO-3 satellite when crossing the geomagnetic equator on 
January 21, 1967 (ref. 17), are shown in Fig. 7. The magnetic 
latitudes corresponding to Fig. 7a, b, c are ~ 0°, —2° and — 35°, 
and the arrow on the left side of each indicates the frequency 
corresponding to f,/2. From these figures, we can see that: (1) 
emission at f> f,/2 is stronger and more continuous than at 
f<fal2, indicating that the emission at f>fu/2 is observed 
rather close to its source; (2) emission at f< fu/2 is striated, 
indicating that this emission propagates in narrow ducts of 
enhanced ionisation; (3) there is no coherence between the 
upper and lower frequencies, except for the bottom example, 
(which is rather non-equatorial), indicating that the sources of 
those two are different, or at least separated. 

Further aspects of our theory, including the growth rate of 
the emissions based on the observed large low energy electron 
intensity and anisotropy, and the ray tracing of non-ducting 
emissions produced near the equator with frequencies f> fal, 
are being studied. Finally, there remain effects which are not 
well understood in the formation of the missing emission band 
carried by the interference of two modes of propagation and by 
the Landau damping for a frequency ~f< fu/2 (refs6, 11 and 
17). Investigations on the relation between the whistler-mode 
emission and the electrostatic-mode emission might produce 
more information about these problems. 
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Fig. 7 A portion of the v.l.f. emission data obtained by the 

OGO-3 satellite along its inbound crossing of the magnetic 

equator on Jan 21, 1967. The magnetic latitude of the three 

records is (a) 0°, (b) —2° and (c) —5°, respectively. The arrows 

on the left side of the figure indicate the frequency of fu/2. 
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Gas movement through sea ice 


UNLIKE ices from pure or freshwater, sea ice is a highly 
permeable medium for gases. We have found that: (1) the 
migration of these gases along the grain boundaries (prob- 
ably in brine channels) was 2 to 6 times as great as that at 
right angles to the principal axis of the grain boundaries: 
(2) the rate of penetration is ~ 30cmh™' at —15°C for 
halogenated gases (in nl ml'' quantities) and 60cmh™ at 
—7 °C for carbon dioxide (in ul ml-' quantities); (3) the 
vertical migration is about twice as fast as horizontal 
migration at —15 °C, and (4) for one experiment with a 
block of semi-fresh pressure ridge ice, the migration rate 
was ~ 60cmh™ at —15 °C. The permeation constants are 
estimated to be 107 cm’ s~ atm™ at —15 °C for SFs, and 
2X 10° cm’ s atm” for CO: at —7 °C. These data strongly 
indicate that gas migration through sea ice is an important 
factor in ocean-atmosphere winter communication par- 
ticularly when the surface temperature is > —10 °C. 

It has been correctly reported’ that pure water and lake 
water ice are effective barriers against any significant 
migration of gases at temperatures < —0.5°C. Their 
permeabilities are 10° less than that of carbon dioxide 
through water, with lake water ice an order of magnitude 
more permeable because of traces of impurities in the ice. 
This is understandable when one considers results?’, which 
Show that the size of veins at three grain intersections open 
or close drastically within a few hundredths to a few tenths 
of a degree below the freezing point for freshwater ices. 
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On the other hand, large brine loads would extend the 
temperature range over which these vein and brine channels 
would remain open to several degrees below the freezing 
point. The sea-ice temperature, of course, will be a gradient 
from —2 °C at the water—ice interface to that of the pre- 
vailing atmosphere at the air—ice interface. 

We also observed brine to enter bore holes in noticeable 
quantities after 12h at —15°C: at —10°C it was only 
Slightly faster. At —6.5 °C brine temperatures, however, 
bore holes filled to the hydrostatic level within an hour. 
The bore holes were 50-75 cm deep in 2-m thick ice. Ink 
in brine was observed to travel 30cm vertically within 
30 min through a freshly quarried block of sea ice at —7 °C. 
There are also results** on the flow of water through ice at 
temperatures close to 0 °C. 

Tracer gases (sulphur hexafluoride, perfluoromethy! 
bromide, and perfluoroethyl bromide) were resolved and 
detected in an electron capture gas chromatograph with a 
short Porpak N column. Carbon dioxide was analysed with 
a thermal conductivity device. Experiments with shorefast 
annual ice using halogenated tracer gases were carried out 
in April at the Naval Arctic Research Laboratory (NARL) 
at Barrow, Alaska, and other in situ experiments in pack 
ice were performed at the Arctic Ice Dynamic Joint Experi- 
ment (AIDJEX) Camp Caribou located ~240 miles NE 
of Barrow. Both sets of experiments provided the same rate 
values at —15 °C. Another set of in situ experiments at 
NARL in May, when the temperature was —7 °C, provided 
the data for CO:. In early experiments, bore holes were 
charged with one or more of the halogenated tracer gases, 
and then the top of the hole was covered with a metal 
plate which was sealed to the surface with fresh water and 
snow. At intervals, cores were taken beside the sealed holes, 
leaving 25-30-cm ice walls. The cores were taken in the 
plane of the predominant ice grain boundaries from the 
gas-spiked holes, and perpendicular to it. These cores were 
immediately placed in gas-tight containers made from glass 
sewer pipe, and then flushed with He by means of stopcock 
fittings on the ends of the containers. In the laboratory, 
large loads of tracer gases were found in the head space 
gas from cores taken ~1.5h after the start of the experi- 
ments. For all other experiments, 5-cm diameter bore holes 
were drilled to a depth of up to 1 m in the ice outside the 
work hut. Ice walls of 30-90cm were left between three 
vertical holes. Metal plates with swagelock fittings were 
sealed to the ice over these holes with snow and freshwater 
The two outside holes were manifolded through a closed 
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loop pump and switching system so that samples could be 
valved directly into the gas chromatograph. In other experi- 
ments, diagonal holes were bored in the ice so that 10- and 
20-cm ice walls had to be penetrated vertically by the gases. 
This work was supported by a grant from the Office of 
Naval Research. 
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On the marine geochemistry of cadmium 


Stuptes of the geochemistry of trace metals in sea water are of 
great potential importance, given the wide diversity in their 
properties. Knowledge of their distribution provides informa- 
tion not only about the specific chemical processes in which 
they are involved but also about the formation, destruction 
and diagenesis of the major solid phases in which they become 
incorporated by biological and authigenic processes. Previous 
efforts to elucidate the behaviour of cadmium in the ocean 
have produced no systematic correlations with other oceano- 
graphic properties'. At the low levels encountered (< 0.1 parts 
per 10°), problems with analysis and with contamination during 
sampling can be severe. Recent advances in analytical and 
handling techniques have led to progress in our understanding 
of other trace metals?~*, hence a re-examination of the marine 
geochemistry of cadmium is now appropriate. This note 
describes the general distribution of cadmium in the ocean, 
based on three detailed vertical profiles from the Pacific. 
Fig. 1 Cadmium, phosphate, and silicate profiles for three 


stations in the Pacific Ocean. ©, Silicate; @, phosphate for (a) 
Stn 219 (6) Stn 226 and (c) Stn (293). 


Cadmium (nmol kg~*) 


0.0 05, 10 15 0.0, 0.5 10. 0, 05 10 
or oo k i í h w ai j 
*.° a | ee 4 š i @ m C 
{ À zd m 6 
2 í ° . 
x . s 
@ LJ 
4 vr : 
f ` s 
5 zə ° 
{ ° 
Pos 6 l Silicate (umol kgm! 
= 0 50 100 150 200 0 50 100 150 0 50 100 
oA, Be Es LAPERA, a tienda EPPO EE UREE Demme ANEI EY SEA TE 
5 Phosphate (umol kg~*) 
A 0 | 0 Ps b>, Vind 2 
A Ó Te iN 
? ca oont es á on va, 
1 23% Pe r 
> d’ | eo og 
fer 4&4 
zl: i i L 38 
fp 
4. . s z ge 
| 3 | H 
ji ip 7 1 
6 





3 
y 
4 


Nature Vol. 263 September 2 1976 





ly a a iad i: ee of 
žo 
e a) | 
i e ¥ À 
E a" a 
© ® 
g An 
E. 
E x b n š nn 
E 0.5 x 
+ E 
e B 
au e 
u o 
ie | ee eee ees 
0 3 


l 
Phosphate (umol kg~*) 


Fig. 2 Cadmium concentration against phosphate for three 
- Pacific profiles (@, Stn 293; *, Stn 219; I, Stn 226) and three 
data points from the literature, B (ref. 4) and K (ref, 6). 


Station locations were chosen to cover a broad range of 
oceanographic conditions, from the south-western Pacific, 
S of New Zealand (Stn 293) to the temperate mid-Pacific, E of 
Japan (Stn 226) and the North Pacific upwelling region in the 
Bering Sea (Stn 219) (Table 1). The samples were taken using 
rosette-mounted 30-1 PVC Niskin bottles with epoxy-coated 
internal springs and stored in acid-leached polyethylene con- 
tainers, after acidification to pH = 2. The handling of con- 
tainers and samples is described in detail elsewhere”. Cadmium 
was preconcentrated from 100-g samples by cobalt pyrrolidine 
dithiocarbamate coprecipitation? and analysed by atomic 
absorption spectrometry using a heated graphite atomiser 
(E. A. Boyle and J. M. Edmond, unpublished). The estimated 
precision and accuracy of the analysis is -+0.1 nmol kg~!. The 
cadmium data and relevant hydrographic information are listed 
in Table 1. 

Depth profiles of cadmium are shown in Fig. 1 along with 
profiles of the nutrients phosphate and silicate. It is readily 
apparent that cadmium is depleted in the surface ocean relative 
to the deeper waters. Such a distribution indicates uptake by 
organisms at the surface and regeneration from sinking bio- 
logical debris deeper in the water column. The range in con- 
centration is over a factor of at least ten, from 0.1+0.1 to 
1.1+0.1 nmol kg™. 

The cadmium profiles resemble those of phosphate more than 
silicate: the concentrations increase rapidly with depth to a 
maximum at ~ 1 km and then decrease slightly below this. The 
covariance with phosphate is consistent for all stations (Fig. 2) 
and suggests that cadmium is regenerated in a shallow cycle, 
like the labile nutrients, rather than deeper in the ocean, as is 
silicate. 

The results are compatible with some recent cadmium data. 
Bender and Gagner’ report values for the Sargasso Sea; surface 
(0.05 nmol kg) and deep (0.30 nmol kg~!): Knauer and 
Martin® give a value for the 1,000-m depth near Hawaii (1 
nmol kg) and report surface concentrations below their 
detection limit (0.2 nmol kg). Estimates of the phosphate 
concentrations at these locations were made using data from 
nearby GEOSECS stations, and are plotted in Fig. 2. The 
agreement is excellent. The cadmium—phosphate correlation 
observed in these stations probably holds throughout the world 
ocean. 

A detailed comparison of the chemical composition of 
plankton with the hydrographic correlation of cadmium and 
phosphate is not possible because few analyses include both 
elements. Goldberg et al.’ report analyses of Sargassum and 
planktonic animals with Cd/P molar ratios of 4x 10~* and 
6.5% 10-4 respectively. These values are close to the water 
column ratio 3.510%. Martin and Broenkow® observed 
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Table 1 Cadmium and associated hydrographic data from three Pacific GEOSECS Stations 


cadmium enrichments by a factor of 3 in plankton from the 


$ Baja California upwelling region relative to organisms in the 








-> open Pacific. Cadmium, like phosphate, is enriched in the 


surface waters of upwelling regions (for example, Stn 219) 
relative to areas of lower productivity. The phosphate content 
of the Baja California waters is about a factor of 3 higher than 
further away from the coast (R. C. Dugdale and M. L. Healy, 
unpublished; F. R. Richards, unpublished), and a similar 
enrichment factor should apply to the cadmium concentration 
in these waters. It is evident that the cadmium content of 
plankton depends on the concentration in the water in which the 
organisms grow, A mechanistic interpretation of the cadmium- 
phosphate correlation requires information on the site of 
incorporation of cadmium in organisms and sinking biogenic 


debris. Similar depth profiles would result if cadmium were 
: Carried in either the soft tissues of organisms or in the more 


Potential | ; 
Depth (m) temperature Salinity Silicate Phosphate Cadmium 
CC) (Z) (nmol kg~) (nmol kg™) inmol kg) 
Station 219 10/8/73 I7T17.S W, 536.60 N 
7.107 33.069 32.2 1.60 0.61 
3.533 33.524 74.2 2.42 0,96 
3.548 33.886 100.8 2.89 bid 
3.417 34.027 113.7 2.97 0.96 
3.294 34.159 128.0 3.03 1.14. 
3.226 34.177 131.0 2.89 1.04 
3.047 34,266 141.9 2.89 1.05 
2.834 34,337 150.9 3.04 1.16 
2.531 34.413 163.3 2.95 1.09 
2.249 34.480 176.5 3.05 1.08 
1.983 34,536 190.1 3.01 LES 
1.741 34.585 202.7 2.98 1.04 
1.594 34.613 209.5 2.91 1.08 
1.482 34.635 214.6 2.89 1.08 
1.310 34.665 226.9 2.80 1.03 
1.281 34.669 221.7 2.74 0.99 
170°36.5’E, 30°34.0°N 
24.73 35.055 3.3 0.02 0.12 
24.75 35.053 2.7 0.01 0.09 
23.58 35.005 3.2 0.02 0,20 
15.19 34.627 qa 0.49 0.13 
12.01 34.396 16.0 0.89 (1,27 
10,33 34.277 23.8 1.15 0.20 
7.92 34.103 38.5 1.61 0,36 
7.28 34.066 45.6 1.76 0.54 
5.62 34.031 68.5 2.29 0.89 
3.62 34.265 121.6 2.97 0.89 
3.20 34.371 135.3 3.02 1.08, 1.06 
2.85 34.440 145.0 3.03 0.96, 0.89 
2.53 34.488 153.7 3.00 9.92 
2.06 34,560 165.1 2.89 0.88 
1.48 34.639 163.5 2.67 0.61 
1.28 34.663 154.7 2.58 0.61 
1.141 34.679 149.7 2.47 0.65 
1.095 34.685 147.9 2.43 0.78 
1,075 34.684 145.7 2.43 0.81 
1.03 34.689 139.9 2.36 0.60 
0.971 34.695 136.2 2.33 0.78 
178°5.0’W, 52°40.0’S 
11.328 34.419 2.7 0.72 0,13 
7.65 34.419 5,2 1.28 0.31, 0.38 
6.46 34,342 6.6 1.40 0.20 
5.27 34.268 17.6 1.76 0.46 
4.07 34.312 30.8 2.00 0.71, 0.73 
3.30 34,347 44.8 2.13 0.98 
| 2.83 34.395 53.8 2.24 0.91 | 
1,5 2.45 34.525 68.9 2.28 0.83 
. 2.37 34.577 73.4 2.27 0.87 | 
2,0 2.19 34.659 80.3 2.19 0.78 
oy. 2.018 34.708 83.7 2.10 1.07, 1.12, 1.29 
2, 1.78 34.732 88.5 2.06 0.96 
| 1.65 34.763 91.9 2.06 0.6! 
SUC 1.422 34.735 98.3 2,08 0.66 | 
2209 1.05 34.723 108.7 2.10 0.77 | 
01 0.77 34.711 116.6 2.13 0.80 
: 0.586 34.705 120.5 2.15 0.82 
4 0.48 34.700 124.5 2.16 0.98, 1.26 
2,41 0.446 34.699 125.3 2.17 6.97 


rapidly dissolving hard parts, such as celestite (SrSO,) (ref. 9). 


Future work on the chemical composition of marine plankton 
should attempt to establish the location of the various elements 
in the organisms. 

There is little information on the cadmium content of river 
waters. Where measurements have been attempted, con- 
centrations were often near or below the detection limits of the 
instrumentation (ref. 10 and refs therein). To derive an estimate 
for the continental supply rate of this element, a glass fibre- 
filtered sample from the mouth of the Amazon River was 
obtained at Macapa, Brazil in May 1974. The cadrnium con- 
centration of this sample (0.6 nmol kg~!) may be tentatively 
taken as representative of world rivers, The resulting estimate 
of the oceanic ‘residence time’ of cadmium is ~ 50,000 yr. 

Last, it should be noted that there is no evidence in these 
data for cadmium pollution in the open ocean. Indeed, the 
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efficient scavenging of this metal by organisms will rapidly 

remove pollutant cadmium from the mixed layer so that it 

should not be expected to accumulate in the surface ocean. 
We thank the GEOSECS Operations Group for their care in 


collecting the samples and our colleagues in the project for 


their help and criticism. The work was supported by the Office 
of Naval Research and by a grant from the Doherty Founda- 
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Combustion sources of atmospheric chlorine 


Estimates of the primary sources of tropospheric gaseous 
chlorine compounds (CIX) which have the potential for reaching 
the stratosphere, list man-made halogenated hydrocarbons 
(such as refrigerants and aerosol propellants), man-made and 
natural hydrogen chloride sources (such as burning of waste 
materials and volcanic activity), sea spray and naturally 
occurring chlorinated hydrocarbons. The existence of an 
unidentified source of tropospheric CIX has been proposed’ 
which has since been postulated to be combustion. The purpose 
of this paper is to examine and estimate the strength of fires as 
CIX sources. 

Chlorine, as well as the other halogens, serve as free-radical 
traps in flames and are effective in suppressing flaming com- 
bustion and promoting glowing combustion’. When chlorine 
compounds are heated in contact with cellulose materials, 
CIX is produced either by reactions involving the hydroxyl 
groups of the cellulose, or by reactions involving ‘active’ water 
formed in situ by dehydration®. About 1% of the combustion 
products evolved from wood is methane’, which can be con- 
verted to methy! chloride by the chlorine available in the wood. 
Bethge and Troeng® found that the natural chlorine content of 
wood pulp and other cellulosic materials ranged from 0.07 to 
2.68 mg g~1, that the chlorine content of wood was greater by 
an unspecified amount than that of unbleached wood pulp, 
and that 86° of the chlorine content of the sample was lost 
during combustion. 

Lovelock (personal communication) refined his earlier 
estimate! to 1 cm? of methyl chloride gas produced for each 
gram of cellulose burned in glowing combustion. This is 
approximately equivalent to 2.2 mg of methyl chloride or 
1.6 mg Cl produced per gram of cellulose burned. If the 86% 
loss of Cl-during burning is representative, the average initial 
chlorine level in cellulose is 1.8 mg g~!. There is good agreement 
between experiments, excepting those which involved flaming 
combustion. 

The common combustion products of most burning plastics 
are smoke, CO, CO, and H,O vapour. Trace amounts of 
extremely complex liquid, solid and gaseous combustion 
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products also occur’. PVC is different from other plastics 
because its principal combustion product is HCI (refs 10, 11). 
The overall chlorine content of PVC is ~ 49%, varying with 
the amount of various pigments and lubricating organic 
additives. Yields of HCl during thermal decomposition vary 
from almost complete (583 of a possible 584 mg (ref. 12)) 
to ~ 95% (ref. 10). 

PVC is widely used for many purposes and consequently is 
usually involved to some extent in any man-made fire. The most 
reliable estimates of PVC production in the USA are given in 
Table 1. In 1974, 6.5% of this production went into various 
forms of packaging materials!®, which are ultimately disposed 
of as waste. As a result of Executive Order 507, much of the 
municipal waste and waste from suburban and rural areas in 
the USA is now buried. Some of the PVC is burnt in free- 
burning fires such as those in fireplaces and home incinerators. 
Much of the HCI produced in these fires does not reach the 
atmosphere because it is quickly deposited on adjacent surfaces, 
is mixed with smoke particles (both solid and liquid) and is 
absorbed by the water produced during combustion. An 
indication of the reactivity of HCI and its presence in smoke 
from the burning of waste is the heavy corrosion of the metal 
parts of municipal incinerators and the observed inhibition of 
combustion of municipal wastes!*. I estimate that ~ 50% of 
the packaging material was burnt in 1965, decreasing linearly 
to 10°% in 1974, and that 10% of the evolved Cl is converted to 
methyl chloride and other chlorinated hydrocarbons. Table 1 
shows that the production of methyl chloride from waste has 
only recently declined. 

Disposition of the rest of the PVC in the USA apparently is 
not available. English estimates!® are that 50% of the PVC 
produced goes into construction. The National Fire Protection 
Association estimate of the loss rate of new construction 
because of fire is $0.59 per $100 or ~ 0.6% yr™ (ref. 16). 
Thus, ~ 0.3% of the PVC produced yr™* is burnt in urban 
and industrial fires and ~ 10% of this amount is converted to 
chlorinated hydrocarbons. As shown in Table 1, the total 
man-made production of methyl chloride is continuing to rise, 
in spite of the reduction in the burning of waste. 

The area burnt in wildfires is well documented?’. In 1974, 
537,020 ha were burnt in the small wildfires. The amount of 
fuel per unit area (fuel loadings) was quite variable ranging 
from 1 to 2,500 t ha~. Estimates derived from wildfire data 
(O. L. Holmes, US Forest Service, R-5, personal communication) 
and other sources!*-2! indicate that the average fuel loading 
is ~ 30t ha~. Of this ,~ 40% is fast burning fine material; 
the residual is coarse material which tends to burn by glowing 
combustion. 

Controlled burning encompasses a large range of activities 
including forest residue reduction, agricultural waste burning 
and other mild fires. The weather and fuel conditions for these 
fires are deliberately chosen to promote low flames and glowing 
combustion to minimise fire intensity, and to reduce the 
probability of fire escape. Much of the agricultural residual 
materials have a high mineral content (for example, rice straw 
15°, sugar cane 30°) which also promotes glowing combustion 
and increases the production of methyl chloride. 

Yamate’s?? survey of the burning of forest and agricultural 
residues in the United States is in agreement with other 
sources!*-#! except for forest residue reduction in the Pacific 
North-western States which is 424 times greater. The Forest 
Service was taken as the authoritative source. All values in 
Table 2 of the amount of fuel burnt in forests have been 
decreased by 40°% to account for the rapid burning of fine 
fuels. 

It is generally accepted by observers of large fires that the 
convection columns reach altitudes of 10 km or more?*’. Cramer 
of the US Forest Service (personal communication) measured 
the tops of the 1933 and 1939 Tillamook, Oregon, fires at 12 
and 13 km. The convection column above the 1967 Sundance 
Fire in Montana reached 10.5 km and was carried to 13 and 
14 km by the isentropic flow field downwind”. 
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Table 2 Methyl chloride from combustion sources in the USA, 1972-74 


Source Area burnt 
(ha) 
tural 
Field residues 1,767,771 
Forests 
Forest residues 
Pacific North-west Not currently available 
California Not currently available 
Southern States 8.10x 10 
Rest of USA 8.50 x 105 
Wildfires (A, B, C, D, E) 4.69 x 108 
, G) 2.29 x 10* 
Man-made (Table 1) 
Totals 


These large fires may spread at rates up to several thousand ha 
h~. Fuel loadings vary from one to as much as 1,250 t ha-, 
Combining the fire spread rates with the heat of combustion of 
wood (~ 5,000 calorie g~*) gives an energy release rate of 
10°~-107" calorie 3-1, Such energy release rates are as great as the 
largest natural thunderstorms™. The primary energy source is 
locally intensive at the ground rather than in the extensive of 
tbe cloud as in a thunderstorm. Studies of convection columns?!’ 
show that most of the air passes through or near the bottom of 
the column in or near the combustion zone. There is a little 
evidence of lateral entrainment into these convection columns 
at heights > 100 m above the fire. Condensation within the 
convection column is apparently determined by the lifting 
condensation level of the ambient air at the ground level. 
This type of fire usually occurs in extremely dry conditions and, 
if condensation occurs at all, the level is > 6,000 m.. 

Analysis of the Project Flambeau convection column“ 
showed that these large fires followed a consistent pattern, and 
that a fire had to have at least 27 + 2 hectares burning (not 
burnt) to be classified as a mass fire. The application of the 
Project Flambeau results to large wildfires requires an analysis 
of the geometry of these fires. In large, vigorously spreading 
wildfires the flame front at the fire’s head is ~ 150 m thick 
in timber and 50 m thick in brush. The shape of the burnt 
area is a complex function of terrain, wind, humidity, fuel 
moisture, fuel distribution, percentages of live and dead mat- 
exials and other factors. A variety of simple models can be 
assumed, but the simplest is a square, of side 2r, with two 
semicircles of radius r at each end. The active fire front is of 
radius r and of thickness d which approximates the final form of 
the Sundance fire’, 

The total area burnt Ap is the sum of the end semicircles 
and the centre square 


An = nri + 4r (1) 





Fuel loading Fuel burnt Methyl chloride Totals 
(t ha-7) (t yr-*) (t yr~?) (t yr- 
1.13 2.00 x 10° 2,700 2,700 
39.4 x 10° 52,000 
0.9 x 104 1,200 
25 20.0 x 108 26,700 
3 2.5 x 10° 3,300 83,200 
30 14.1 x 10° 18,600 
30 18.9 x 10° 24,900 43,500 
,600 
210,000 


The significant burning area, A,, is 
A, = R (2rd + ANR (2) 


Solving equation (2) for r and substituting into equation (1) 
gives the area burnt during a mass fire as 


An = (x + 4H(A,/d) + (d/2)]* (3) 


Substituting the characteristic values for d gives minimum 
sizes of Ay = 4.09 x 10° m? for timber and Ay = 4.16 x 10° 
mt for brush. 

Fires this size are categorised as class F (1,000 to 4,999 acres) 
and class G (> 5,000 acres) in the USA where there were 227 
Class F and 53 class G wildfires in 1974 (ref. 17). These fires burnt 
a total of 628,605 ha (1,552,654 acres), which is a normal yearly. 
area. The flame front primarily burns the fine fuels which 
average 12 t ha~. About 50% of the remaining fuel, or 8 t ha-, 
is later burnt in glowing combustion and produces methyl 
chloride. This air is entrained into the convection column and 
transported to at least tropopause levels. The results of the 
various production processes are shown in Table 2. 

Taking account only of documented fires, I estimate the 
production of methyl chloride in the USA by burning cellulose 
and PVC averages 210,000 t yr—. The requirement that CLX 
be produced during glowing combustion may be overly stringent 
and the estimate may be 40% too low. The rate of production 
by this source has been estimated to be 5.2 x 10* t yr (ref. 26). 
For instance, current estimates are that half of the timber cut 
in the world is used for flrewood*. Forest fire wood and agri- 
cultural burning has been a common practice throughout 
the world for many thousands of years, swamping the US 
CIX production. If Eckholm’s estimates" of forest depletion 
are correct, by the year 2000 there will be a significant decrease 


: : 
Table 1 Recent US yearly production of polyvinyl chloride and estimated release of methyl chloride 
Methyl chloride produced from PVC 


Bao n t in waste Methyl chloride from building fires Total methyl chlonde 
Yoar t yr-*)* (t yr~) (t yr~) (t yr~) 
1965 8.006 020 24,018 50,038 
1966 9.462 28,018 28,386 56,404 
1967 9.435 25,212 28,305 53,517 
1968 10.04 23,929 30,120 54,049 
1969 13.03 27,291 39,090 66,381 
1970 13.29 23,996 39,870 i 
1971 15.58 23,630 46,740 70,370 
1972 19. 24,064 58,800 82,864 
1973 20.08 18,853 60,240 79,093 
1974 21.87 14,216 65,610 79,826 
* US Tariff Commission Summaries of Trade and Tariff Information Schedule 4, Vol. 7 TC 408, Washington, DC. 
US on eo Synthetic Organic Chemicals US Production & Sales (1971) TC 614. 
Ibid. (1973) TC 728 
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in CIX production because of lack of wood and cellulose for 
burning. 
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Modelling climatic response 
to orbital parameter variations 


ACCORDING to the astronomical or Milankovitch theory, the 
glacial fluctuations of the Pleistocene are the climatic response 
to secular variations in the obliquity, eccentricity, and longitude 
of perihelion of the Earth’s orbit. Variations in these orbital 
parameters during the past several hundred thousand years can 
be computed with great precision’, and the resulting changes in 
incident radiation at the top of the atmosphere are easily 
obtained. If one can predict the climatic response to perturba- 
tions in incident radiation, one can, therefore, test the Milanko- 
vitch theory by comparing the predicted climatic changes with 
those inferred from the geological record. No other theory of the 
ice ages admits such a straightforward check on its validity. 
We have made a preliminary attempt at verifying the Milanko- 
vitch theory using a zonally symmetric energy-balance climate 
model forced with seasonally varying insolation and obtain 
generally favourable results. 

The model predicts, as functions of latitude and time of year, 
the temperatures of two atmospheric layers (representing the 
upper and lower halves of the troposphere), surface tempera- 
tures over land and ocean, the depth of snow over land, and the 
sea ice thickness. A radiative transfer model similar to that of 
Manabe and Wetherald? is used to compute radiative heating 
rates in the two atmospheric layers and the net flux at the 
surface. Cloudiness and relative humidity are assumed to be 
fixed and independent of latitude in the radiative calculation. 
Heat is transferred meridionally by linear diffusion in the 
atmosphere. 

This crude atmospheric model is coupled to the land and 
ocean surfaces through simple boundary layers. The ocean 
temperature is assumed to be that of a 40-m deep isothermal 
layer of water, and the land temperature that of a water- 
saturated surface with no heat capacity. No heat is transported 
by the model’s ‘ocean’. Ocean temperatures are not allowed to 
fall below 273 K, at which temperature sea ice is assumed to 
form. Sea ice thickness and temperature are predicted with a 
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Fig. 1 The models ‘palaeoclimatic record’ for the past 
150,000 yr is shown in the upper figure. a, Four points are plotted 
for each experiment, corresponding to the seasonal limits of land 
snowcover (hatching) and sea ice (cross hatching) in the Northern 
Hemisphere. The northermost point represents the minimum 
(summer) extent of snowcover on land. North of this latitude, 
snow is free to accumulate from year to year; we therefore 
identify it with the extent of continental glaciers. The other 
three points (from north to south) represent the minimum extent 
of sea ice, the maximum extent of sea ice, and the maximum 
extent of snowcover over land. Changes in snowcover and sea ice 
extent predicted by the model in the Southern Hemisphere are 
much smaller than these changes in the north. (‘Arctic Ocean’ 
refers to latitudes at which there is no land.) b, A plot of palaeo- 
temperatures inferred from faunal abundances (of North Atlantic 
plankton) in a deep-sea core in the North Atlantic®. Its gross 
features are consistent with other palaeoclimatic reconstructions 
of this period. Three warm peaks separated by ~ 20,000 yr 
mark the last interglacial. The rapid descent into the Wisconsin 
ice age occurs at ~ 70,000 yr BP, followed by a period of 
relatively warm climate (middle Wisconsin), then by the late 
Wisconsin glacial maximum, and finally by the warmth of the 
Holocene. 


scheme very similar to that used by Bryan’. It is also assumed 
that snow falls at a fixed rate, dependent only on latitude, 
whenever the surface temperature falls below 273 K. Snowmelt 
and snowdepth are then computed ina straightforward manner. 
Surface albedos are chosen to be 0.1 over bare land and open 
water, and 0.7 over snow-covered land and sea ice. Zonally 
symmetric atmospheric heating rates are obtained by com- 
bining the predicted rates over land and ocean in proportions 
determined by the fraction of land around a latitude circle. 

The model is similar to diffusive energy-balance models used 
by Sellers‘ and North®, with changes in surface albedos having 
a dominant role in determining the sensitivity to changes in 
external forcing. 
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For a given set of orbital parameters, we compute the flux of 
solar radiation incident at the top of the atmosphere as a 
function of latitude and time of year. The model’s equilibrium 
response to this pattern of insolation is then obtained by 
integrating its equations of motion until a steady state is 
achieved. The results of such computations for the present 
orbital parameters and for those at 5,000-yr intervals into the 
past (for the past 150,000 yr) are summarised in Fig. la. 
Figure 1b (reproduced from Sancetta, Imbrie, and Kipp*) is a 
plot of a faunal index obtained from counts of planktonic 
‘foraminifera in a single deep-sea core in the North Atlantic. 
-The index is calibrated to be an estimate of summer sea-surface 
‘temperatures in °C. 

The largest difference in mean Northern Hemisphere surface 
temperature between any two of the experiments described in 

Fig. la is 2,4 K. Changes in mean Southern Hemisphere surface 
temperatures are smaller—at most 0.4 K. 

The model is particularly sensitive to insolation anomalies 
during the Northern Hemisphere summer, with high obliquity 
(large seasonal variation) and perihelion near Northern 
Hemisphere summer solstice producing the warmest climates. 
During the summer, when land surface temperature gradients 
are small and incident solar radiation is large, changes in 
temperature produce the largest displacements of the snow 
margin, and the resulting changes in albedo produce the largest 
changes in absorption of incident radiation. The Southern 
Hemisphere, with less land and a smaller seasonal variation, 
is not as sensitive to the seasonal redistribution of insolation. 
This sensitivity to summer insolation in the Northern Hemi- 
sphere is consistent with Milankovitch’s assumptions, and the 
time evolution predicted by the model is similar to his summer 
insolation curves for high latitudes in the Northern Hemisphere’. 
The reader is referred to the literature®® for a detailed 
comparison of the Milankovitch curves with the geological 
record. 

Large discrepancies between the model and the record of the 
recent past are evident from Fig. 1. For the present values of the 
orbital parameters, the model gives a climate intermediate 
between a predicted glacial minimum at 10,000 yr BP and a 
glacial maximum at 25,000 yr Bp, while observations place the 
present climate much closer to the most recent climatic optimum 
at ~ 5,000 yr Bp. This discrepancy may arise from other sources 
of variability, or from a lag resulting from the time required to 
change the temperatures of abyssal waters or to build and 
destroy continental glaciers, or to other model deficiencies 
which may tend to overemphasise the importance of summer 
insolation anomalies in the Northern Hemisphere. 

In spite of such discrepancies, Fig. I suggests that a substantial 
portion of climatic variability on these time scales can be 
understood as the equilibrium response to perturbations in the 
orbital parameters. Quantitative tests with more convincing 
climate models are needed to confirm these very preliminary 
results. If this theory is correct, the palaeoclimatic record 
becomes an invaluable source of information on climatic 
sensitivity. 
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Ultraviolet absorption by 

metal—ammonia solutions 

By pulse radiolysis of aqueous solutions at room temperature, 
new absorption bands for H, OH, D, OD and ë, in the 
ultraviolet region down to 188 nm have been observed!" and 
recently confirmed”. The favoured interpretation was a redshift 
of the absorption band of water caused by perturbation by the 
solutes CH, D, eaa © similar to the B-band displacement in 
alkali halide crystals'. It was also suggested that such a band 
may exist in liquid ammonia, implying that it is a general 
phenomenon associated with the solvated electron. Further- 
more, the transient spectrum obtained by pulse radiolysis of 
pure liquid ammonia (—45 °C) shows, in addition to the broad 
infrared absorption of the solvated electron, two. unidentified: 
bands in the ultraviolet region’. To study optical properties in 
this range, we chose metal-ammonia solutions which are 
relatively stable although their decomposition leads to the 
amide ion which itself absorbs strongly in the same region. Our 
findings strongly support the hypothesis, though amide and 
hydrogen are the only products and have been thoroughly 
studied. 

The solutions were prepared taking care to ensure that 
the reagents were sufficiently pure to avoid their catalytic 
decomposition. We used pressure-resistant cells with Suprasil 
windows’. To account for the small difference between the 
optical paths of the sample and reference cells which could 
cause some solvent absorption in the ultraviolet region, we 
systematically recorded the base line with pure ammonia in 
both cells. To record the spectra for a wide range of alkali 
metal concentrations, various optical path lengths from 107 
to 10 mm were used. 

The temperature was varied by a current of cold nitrogen 
gas and we checked that thermal equilibrium was reached 
before recording the spectrum, otherwise the shift of the solvent 


Fig. 1 Experimental results for the dependence of the extinction 
coefficient on wavelength. For potassium-ammonia. solutions: 
@, —50 °C, 2.35 107% mol I", path length 130 mm; ©, 
20 °C, 2.03 «107? mol l~, path length 1.90 mm: W. — 50°C, 
7.31074 mol 17+, path length 10.0 mm: [7, 20°C, 6,3 x10% 
mol I~}, path length 10.0 mm. The results are normalised relative 


to Ee ~ = 1,575 | mol em ™ and e, ~ 


am, 700, 200C am, 700. = g0 eE 


2,600 | mol ™ cm~. Dashed curves:amide spectra; a, —50 °C; 
b, 20 °C. Ena, 343,20 ec == 2,600 | mol ~ com; Ena, 330, ~ 50°" 


= 3,040 | mol Ti em~!, Results are mean values for the concen- 
tration range 5 « 1074-2 x 107-3 mol 1, 


') 
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band with temperature results in a pseudo absorption within 
the studied range. Spectra were recorded with Beckman ACTA 
IV M and Beckman DK-1A spectrophotometers flushed with 
nitrogen gas. 

At low temperature (— 50 °C) the rate of decomposition is 
usually negligible but at room temperature the reaction is 
catalysed by the walls, especially when using the thin cells for 
which the surface-to-volume ratio is very high. The absorbances 
were first followed kinetically for a short time in the infrared 
band of ¢,,,~, for instance at 700 nm, and at the maximum 
of the amide absorption, } == 348 nm (20 °C), These measure- 
ments revealed the extent to which decomposition occurred 
during the recording and when necessary allowed the spectra to 
be corrected. 

We examined many more or less stable solutions. The 
results presented Fig. 1 correspond to the best runs. The optical 
densities were normalised at 700 nm and the shape of the 
infrared spectra between 500 and 800 nm at 25 °C and between 
700 and 1,000 nm at — 50°C agree with those found pre- 
viously*®, 

The spectra normalised relative to Awọ were plotted 
assuming an extinction coefficient at 700 nm €e— m7009 = 1,575 


= 2.600 | mol7! cm7 


at — 50 °C (refs 4 and 6). It appears (Fig. 1) that the spectrum 
consists of a second band in the ultraviolet superposed on the 
tail of the large infrared band and that no characteristic 
absorption of NH,” is present. Only at room temperature and 
at a potassium concentration of 2x10- mol I~? was a weak 
amide band present, but its contribution was easily subtracted 
since the amide spectrum is accurately known down to 230 nm 
(Fig. 1)7'8. Even when the amide absorption increases with time, 
the kinetics show that the absorption at 348 nm and 230 nm 
increases with the decay of the infrared band (isobestic point at 
402 + 2 nm). But the increase in the ultraviolet absorption is not 
at all that expected from the amide spectrum. This means that a 
part of the ultraviolet absorption should be attributed to e¢am~ 
and so the apparent extinction coefficient (Enn, — Ee em) 


~] ~] a) ° ie 
| mol™ cm™ at 20°C, and £e i ao, 


enables us to determine corresponding ¢,,_.~ values in this 


region. These are in good agreement with those deduced from 
direct observation of undecomposed solutions (see below). This 
method of subtracting the amide spectrum is the only one 
which can be applied to high concentrations (~ 107? mol 17), 
for which the decay is rapid. In this case the same spectrum was 
obtained, indicating that ultraviolet absorption occurs when 
the electron is clearly associated with ion aggregates. 

We note, for the best runs presented in Fig. 1, that the results 
agree for both concentrations, that is 6.3 x 10~* mol 17! at 20 °C 
(optical path 10 mm) and 2.0x 1073 mol 1~! at 20 °C (optical 
path 1.9mm), showing that the ultraviolet absorption is well 
correlated with the infrared absorption of €am `. Comparing the 
spectra of the same solutions at room and low temperature, 
Fig. 1 shows that the blueshift of the wide infrared band is still 
observed in the plateau region (300-400 nm) resulting in values 


E s50, 20 °C = 300 +-30 i mol ~A cm j: 
and 
Easo, -50 ec = 390 -+30 I mol ~ cm™ 


At lower wavelengths, we observe absorptions merging into the 
solvent band as in the case of €,4~ 


Esas, 20 °C 950 +100 i mol =I cm -1 
and 
E949, — 50 °c =~ 1,400 a m 100 l mol cm~? 


The ultraviolet absorption from the solvated electron in 
liquid ammonia increases at <280nm while the solvent 
absorption only starts to rise at < 230 nm. In water the respec- 
tive values are 220 nm and 180 nm. Although it may not be 
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decisive, this correlated displacement supports Hart’s inter- 
pretation that the redshift of the absorption band of the solvent 
molecules is caused by perturbations attributable to the electron. 

This conclusion is strengthened by the observed temperature 
effect. Indeed, Fig. 1 shows that the ultraviolet absorption of the 
ammonia solution starts at higher wavelengths at 20°C than 
at — 50 °C as is the case for the band of the pure solvent itself 
which exhibits a blueshift of ~ 7mm when the temperature is 
lowered over the same range (to be published). 

If we admit the above interpretation, the extinction coefficient 
in the ultraviolet range is not a direct characteristic of the 
solvated electron but is a parameter determined by the molecules 
in the solvation shell. In the semi-continuum model’ ~}, one 
must take into account interactions which become weaker with 
successive layers around the electron. The observed ultraviolet 
absorption is an averaged sum of the perturbations of transitions 
of these solvent molecules, 

A rough approximation which assures the involvement of 
a limited number of solvent molecules in the solvation sphere 
of the electron, four for example, leads to extinction co- 
efficients four times smaller than those indicated experimentally. 
The band obtained is similar to that of the pure solvent and the 
shift (~27 nm) gives a magnitude of the energy of the per- 
turbation of ~ 0.6 eV. 
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Rainfall characteristics in eastern Sahel 


Tue recent drought conditions in the Sahel region of Africa 
have generated studies of long term trends in rainfall and 
monthly or seasonal atmospheric conditions related to the 
area", The results of these studies, in general, indicate no 
specific trends in precipitation’, and some evidence of 
direct! and/or long distance? relationships between monthly 
or seasonal atmospheric state and Sahelian rainfall. We 
present here the results of a study which suggest the major 
factor affecting rainfall during the drought was a change 
in easterly wave activity over northern tropical Africa. 

The occurrence and characteristics of easterly waves over 
northern tropical Africa have been discussed by others". 
In relation to easterly waves and precipitation, Burpee* has 
shown that modulation of rainfall in the region between 
0 and 18 °W is related to wave passage. He found no clear 
evidence, however, of a similar wave-rainfall relationship 
between 0 and 15°E. In the Sudan, Hammer’ found that 
spatial and temperal patterns of rainfall approximated the 
4-5-d period commonly associated with easterly waves. From 
evaluation of weather satellite imagery, it has been esti- 
mated that 90% of the occurrence of widespread heavy 
rainfall is directly related to easterly wave passage’®. 

To define more clearly the characteristics of Sudanese 
rainfall, daily cumulative rainfall totals from 200 stations 


at 
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Fig. 1 a, Power analysis results for 90-d period June 13- 
10, 1953 (—), roel ¢ oe ) and 1969 (— — — —). 
b, As ina for 1968 (----- ), 1970 (——) and 197] (— — — —). 


in the Sudan were analysed using power spectral techniques. 
About 75%, a higher proportion in the latter years, were 
stations located north of 11°N or zonally equivalent to the 
main drought area of Africa. Unfiltered precipitation totals 
between June 13 and September 10—the mein portion of the 
rain season—for 1953, 1961, 1968, 1969, 1970 and 1971 were 
used in the analyses. The spectral analyses were carried out 
using the OS-3 ARAND system routine SPECT 1 of 
Oregon State University, and the results are shown in Fig. 
la and b. The bandwidth used was 0.031 cycled, ` 
Figure la presents the spectral curves for the years 1953, 
1961 and 1969. 1953 and 1961 were years of average to 
above average rainfall for most of the Sudan during the 
months of study. The factor accounting for most of the 
variance in the spectra of 1953 and 1961 was the move- 
mem of the so-called Intertropical Convergence- (ITC) as 
shown by the high values at 1 cycle per 90d (0.011 cycle 
d`). For these two years, major varience is also con- 
tained within the period 3.7-5 d (0.27-0.20 cycle d`). This 
corresponds to the most frequently cited penod associated 
wih easterly wave activity’. 1969 had a somewhat enigmatic 
rain season in that in spite of being in the drought sequence, 
rainfed] was near normal in the Sudan. This was similar to 
precipitation conditions during 1969 in western and central 
Africa, as found’ from integrated station data. The 
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small amount of variance contained under the 1 cycle per 
90-d portion of the curve for 1969 probably reflects the 
stagnation of the ITC in July, which Hmited rainfall over 
the northern half of the Sudan. Because of the restricted 
effect of the ITC on the 1969 spectrum, cautton must be 
used in interpreting the variance accounted for under the 
3.7-5-d portion of the spectrum as being as relatively sig- 
nificant as it seems compared with 1953 and 1961. A 
frequency domain test was carried out using the OSU OS-3 
ARAND system routine NOIZT to determine if each of 
the time series could be considered ‘white noise’, All five 
peaks on Fig. la were significant at the 95% level, indicat- 
ing they were not the resuk of a purely random process. 

In comparison with the three years already discussed, 
1968, 1970 and 1971 display a very different spectral pet- 
tern (Fig. 15). Akhough ITC movement in 1970 was statis- 
tically significant (evaluated by the NOIZT routine), the 
remainder of the spectra for the three years are notably 
less peaked and temporally coincident than those of Fig. 1a, 
with the exception of a possible 20-40-d period in 1968. 
Rainfall amounts recorded in the Sudan were markedly 
below average during 1968, 1969 and 1970. Of the nine 
months, which comprised most of the 90-d period analysed 
during these three years, five months had 51-75% of the 
stations with below average monthly rainfall and two addi- 
tional months with 46-50% of the stations reporting less 
than average precipitation. The overall appearance of Rig. 
15 presents a more random peak occurrence pattern than 
Fig. la, particularty in the shorter periods. The rainfall 
of the three dry years thus seems to be responding to a 
fluctuating rainfall producing mechanism, in contrast to 
the relatively constant short period pulses of the more 
humid years. 

Visual evaluation of weather satellite Imagery of July and 
August for 1969, 1970 and 1971 confirms the varlabikty of 
wave conditions over north-eastern tropical Africa (un- 
published). Easterly wave-associated cloud pattern passage 
intervals were notebly different during the three years. 1969 
had a reasonably consistent 4-5-d period between wave 
occurrences; in 1970, most waves were spaced at 2-3d 
intervals, with an occasional intervening 5-d penod between 
waves: and 1971 was the most erratk year in terms of the 
period of the occurrence of the wave. Wave periods ranged 
from 2-9 d, with 2-d spacing most common. For all three 
years ~ 65% of the waves were conservative for 1-4 d and 
could be followed from over the Sudan to central Africa, 
where the satefte tracking used én this study terminated. 

Within the Sudan, the drier rain seasons seem to expert 


-ence rainfed! events dn a more spasmodic fashion than 


wetter rain seasons, and major rainfalls are related to 
easterly wave passage. In addition, the Sudan Iles 
‘upstream’, in terms of easterly wave activity, of the western 
amd central African drought areas and there has been 
generally synchronous reinfall during recent years between 
the various regions. Thus, there seems to be a strong prob- 
ability that during the recent drought the easterly wave 
operated in an unusual manner, with a consequent reduc- 
tion in rainfall. The intra- and/or extra-wave factors related 
to moddication of wave conditions over continental Africa 
are still in question. 
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Deep-sea bottom photographs 
show that benthic organisms remove 
sediment cover from manganese nodules 


MARINE geologists, geochemists, biologists and other oceano- 
graphers have studied manganese nodules since they were 
first reported by Murray and Renard' in 1891. Much has 
been learned (see ref. 2 for a recent review) but many 


Fig. 1 Bottom photographs from the manganese nodule province 

of the North Equatorial Pacific Ocean. A polyplacophoran 

(Chiton) has removed sediment cover from through nodules 

(a) and has almost cleaned the nodule it is on arrowed. Note 

the sediment covering adjacent nodules. Another Chiton (b) 

is feeding on nodule surface. Average nodule in this area is 
6-8 cm in maximum length. 
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aspects of their formation and growth are open to question. 
The Environmental Research Laboratory of the National 
Oceanic and Atmospheric Administration has sponsored a 
multi-university, multi-disciplinary investigation to deter- 
mine the environmental impact of manganese nodule 
mining. As part of the benthic baseline study of the Deep 
Ocean Mining Environmental Survey (DOMES), approxi- 
mately 10,000 bottom photographs have been taken. I wish 
to report a close examination of 365 prints taken on one 
lowering of the camera near latitude 14°17.5’N, longitude 
126°15.4°W at a depth of about 4,500 m. 

The following epibenthonts were recognised: 99 cidaroid 
echinoids; 45 ophiurad ophiuroids; 32 elasipod holothurians; 
21 actiniarid zoantharia; 8 pennatulid anthozoans; 5 bryo- 
zoans; 4 gorgonid anthozoans; 4 asteroids; 3 porifera; 3 
lepidopleurinid polyplacophora; 2 pycnogonida; 2 brachy- 
uran crabs, and one each crinoid, ascidacean and gastropod. 
The area of each photograph was calculated using the 
average size of nodules collected at that station as a scale. 
The average size was 7.4cm (+0.7), and it was determined 
that 3,031 m? (+303) were seen, taking into account the 
few frames where overlapping occurred. Consequently the 
epifaunal density is 0.08 organisms per m’ ( +9.008), which 
agrees with photographic survey conducted under the oli- 
gotrophic Sargasso Sea at similar depths’. 

Animal activities such as burrowing under nodules and 
pushing them upward or ingesting nodules and subsequently 
egesting them have been suggested‘ as methods by which the 
geologically older nodules are kept on top of the younger 
surficial sediments. These operations may well take place 
and I would now like to add the mechanism whereby some 
benthic animals remove sediment from the surface of 
manganese nodules, apparently as part of their feeding 
activity. Almost every frame shows evidence of uneven 
sediment cover on adjacent nodules. In seven frames there 
are organisms which I believe are grazing and are assoc- 
iated with cleaner nodules (that is, covered with less sedi- 
ment). The clearest of these photographs are presented here 
(Figs 1-3). Polyplacophora (chitons) are commonly found in 
the rocky, intertidal zone where they eat by scraping algae 
and other material from the rocks’. Since manganese 
nodules are commonly covered with structures of biological 
origin” it is not difficult to hypothesise that chitons in a 
nodule province feed by removing organic material from 
nodule surfaces (Fig. la and b). Phanerozonid asteroids 


Fig. 2 Bottom photograph of phanerozonid asteroid (starfish) 
feeding on and cleaning manganese nodule surface. 
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Fig. 3 Bottom photograph of elasipod holothurian (sea 


cucumber, arrowed). The meandering trail of darker nodules that 

starts in the upper right corner and ends at the holothurian indicates 

its path and the removal of sediment cover from nodules as it 
feeds on deposits. 


(Fig. 2) eat various foods* and also seem to scrape and clean 
nodules. Elasipod holothurians are deposit feeders (Fig. 3) 
and in addition to possibly nudging nodules and keeping 
them at the sediment—water interface, they ingest sediment 
from the nodule surface. 

Although the sedimentation rate in this area is low’, 
sediment redistribution is continually taking place. It is not 
possible to estimate the rate of either cleaning or bottom 
redispersion of sediment, but it is evident from these photo- 
graphs that periodic cleaning takes place. If nodules grow 
on their upper surfaces this episodic cleaning may help to 
explain their intermittent growth. 

I thank W. S. Broeker and P. Biscaye for discussions, 
and the Environmental Research Laboratory of NOAA for 
support, 
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Sulphonium analogue 
of lecithin in diatoms 


PHOSPHATIDYL choline (lecithin) is the most widespread of the 
phospholipid membrane components of eukaryotic cells, being 
present in virtually all those investigated so far. The exceptions 
noted until recently have been blue-green algae’, the yeast-like 
fungus Pullularia pullulans? and the phytoflagellate, Ochromonas 
danica*, We report here a sulphonium analogue of phosphatidyl 
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choline which completely replaces lecithin in the non-photo- 
synthetic diatom, Nitzschia alba*. The new phospholipid is a 


phosphatidyl S,S-dimethyl mercaptoethanol (phosphatidyl 
sulphocholine) with the following structure: 
o~ 
T + 


H,C-O-P-OCH,CH;S(CHs), R, $ R, =acyl chains 


H-C-O-CO-R, 
H,C-O-CO-R; 


The lipid was first observed on thin-layer chromatograms 
of the total lipids of N. alba (grown in synthetic seawater“) 
as a major component with mobilities and staining be- 
haviour’ similar to those of lecithin (Fig. 1). But no glycero- 
phosphorylcholine was detected on mild alkaline deacylation 
of the total lipids, indicating that lecithin was absent in this 
organism. The new lipid appeared to be a phosphosulpho- 
lipid by its labelling with both *S and P when cells were 
grown in medium containing **S-sulphate and ’P-phosphate. 

The phosphosulpholipid was isolated in pure form by 
column chromatography of the total lipids on Biosil A silicic 
acid, using increasing concentrations of methanol in chloroform 
as eluting solvents. The sulpholipid appeared in the chloro- 
methanol 1:3 eluate and after precipitation from chloroform by 
addition of acetone, it was chromatographically pure. It 
accounted for 68% of the total lipid phosphorus and had 
elemental analyses consistent with those expected for a 
sulphonium analogue of lecithin. We found C, 64.18%; H, 
9.25%; N, 0.00; S, 4.25%; P, 3.85%, atomic ratio P/S, 0.94. 
The calculated values for C,,.H;3.,0,SP (768.73) are C, 
65.47%; H, 9.68%; S, 4.17%; P, 4.02%, P/S, 1.00. 

The analysis showed the complete absence of nitrogen and 
the presence of sulphur and phosphorus in an atomic ratio 
close to 1:1. Fatty acid analysis by gas-liquid chromatography 
(GLC) on 10% butanediol succinate polyester at 180°C 
revealed the presence of 14:0 (30%), 16:0 (8%), 18:1 (12%), 
18:2 (8%), 20:5 (27%) and 22:6 (4%) acids, permitting calcula- 
tion of the molecular formula given above. 

The nuclear magnetic resonance (NMR) spectrum of the 





Table 1 Proton NMR assignments for phosphatidyl sulphocholine 
from N. alba in ls 
Proton Phosphatidyl Phosphatidyl sulphocholine 
assignment choline* No. of protons 
5(p.p.m.) 8(p.p.m.) calculated found 

CH=CH 5.38 5.38 7.5 7.7 
HC-O- 5.1 5.1 l 0.9 
CH,0-CO-R 
CHES? tains }4.36 4.36 4 4.3 
CH,0-P (glycerol) 3.9 3.9 2 } 43 
CH,S — 3.9 2 
CH,N 3.8 — E = 
N(CH a)s 3.37 — Š aa 
S(CH 3): — 3.17 6 5.7 
=C-CH,-C= 2.83 2.83 5.5 6.0 
CH,CO 2.28 2.28 4 4.6 
CH,C- 2,08 2.08 4.1 4.5 
CH, 1.28 1.28 24 22 
CH; 0.9 0.9 6 6.0t 





*Purified egg lecithin (Serdary Research Laboratories). For 
assignments see ref. 7. 
tTaken as reference for integration. 
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Fig. 1 Thin-layer chromatogram on silica gel H in the solvent 
system chloroform-methanol-28% ammonia (65:35:5, v/v) of: 
a, total lipids of N. alba; b, isolated phosphatidyl sulphocholine 
from N. alba; c, commercial egg lecithin (PC), and d, mixture of 
phosphatidyl sulphocholine and lecithin. Chromatogram was 
charred with 50% H,SO,. Phospholipids were detected by the 
phosphate stain’ and *“choline-"containing lipids by the Dragen- 
dorff reagent®. NL, Neutral lipid; CS, ceramide sulphonate®; 
MGD, monoglycosyl diglyceride; SS, sterol sulphate“; PG, 
phosphatidyl Spe SQD, sulphoquinovosy! diglyceride; 
DGD, diglycosyi diglyceride; SPL, phosphatidyl sulphocholine; 
PI, phosphatidyl inositol; LSPL, lysophosphatidyl sulphocholine. 
SPL and LSPL as well as lecithin gave positive tests with the 
phosphate and “choline” stains. 


sulpholipid showed a sharp signal at 3.17 6 p.p.m. which was 
assigned to the six protons of the dimethyl sulphonium group. 
For comparison, the quaternary ammonium group methyl 
protons of phosphatidyl choline gave a singlet at 3.37 ô p.p.m. 
(Table 1; ref. 7). The remainder of the spectrum was essentially 
the same as that of phosphatidyl choline. Assignments of 
proton signals and their integration (Table 1) are consistent 
with the structure of phosphatidyl S,S-dimethyl mercapto- 
ethanol. The infrared spectrum of the sulpholipid showed peaks 
at 2,868 and 2,968 cm~ (CH, and CH,), 1,747 cm™ (ester 
C = O), 1,475 cm~ (CH, and CH;), 1,285 cm~ (P = O), 
1,175 cm™ (ester C-O) and a doublet with a major peak at 
1,092 cm~ (PO~) and a shoulder at 1,065 cm -1 (P-O-C). There 
was no evidence of sulphate (1,440-1,350, 1,230-1,150 cm~?) 
or sulphonate (1,420-1,330, 1,200-1,145 cm~!) bands. Com- 
parison with the spectrum of phosphatidyl choline revealed 
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close similarity except for the sharp peak at 970 cm~ which 
was absent from the spectrum of the sulpholipid and which is 
generally assigned to the (CH;),N* group of lecithin®*. 

Enzymatic hydrolysis of the sulpholipid with cabbage 
phospholipase D yielded: (1) a chloroform-soluble phospholipid 
identified as phosphatidic acid by cochromatography on silica 
gel H with an authentic standard (Rr, 0.05 and 0.9 in chloro- 
form—methanol-28 °% ammonia (65:35:5, v/v) and chloroform- 
methanol-90°%% acetic acid (30:4:20, v/v), respectively); and 
(2) a water-soluble sulphur-containing compound which gave 
a positive Dragendorff reaction® and had mobilities on paper 
chromatography and paper electrophoresis (Table 2) identical 
to those of synthetic 2-hydroxyethyl dimethylsulphonium 
iodide (S,S-dimethyl mercaptoethanol, “sulphocholine’’, made 
by methylation of mercaptoethanol with methyl iodide). The 
latter product was also present in the 2.5% methanolic-HCl 
hydrolysate of the sulpholipid along with fatty acid methyl 
esters and two water-soluble periodate—Schiff-positive products 
identified chromatographically as a-glycerophosphate and 
methyl-a-glycerophosphate. Identification of the sulphur- 
containing acid-hydrolysis product as “sulphocholine” was 
confirmed by monodemethylation of the sulphonium group with 
sodium benzenethiolate’’. The reaction products had GLC 
retention times relative to dimethylsulphide (4.59 and 6.04) 
identical to those of authentic hydroxyethylmethyl sulphide 
and phenylmethyl sulphide, respectively, on a column of 10% 
butanediolsuccinate polyester on Gaschrom W at 128 °C and 
a carrier inlet pressure of 0.4 kg cm~*. An identical gas 
chromatographic tracing was obtained after monodemethylation 
of synthetic “‘sulphocholine”. 

Hydrolysis of the sulpholipid with phospholipase C from 
Clostriduim perfringens released: (1) a chloroform-soluble 
product with Rr value identical to that of standard 1,2-digly- 
ceride (Rr, 0.22 on silica gel H in petroleum ether—diethyl 
ether—acetic acid 70:30:1, v/v); and (2) a water-soluble 
phosphorus and sulphur-containing compound with mobilities 
similar to those of phosphorylcholine (Table 2). Unlike 
phosphorylcholine, however, the water-soluble product was 
found to undergo methanolysis in methanolic 0.2 N NaOH at 
37 °C for 1 h, with quantitative release of inorganic phosphate 
and formation of methoxysulphocholine (2-methoxyethyl 
dimethylsulphonium salt) identified chromatographically and 
electrophoretically in comparison with an authentic standard 
(Table 2). The water-soluble product formed by phospholipase 
C hydrolysis is thus probably phosphorylsulphocholine. 

Mild alkaline deacylation of the phosphatidyl sulphocholine 
in methanolic NaOH also yielded methoxysulphocholine, 
together with a-glycerophosphate (Table 2) instead of the 
expected glycerophosphoryl sulphocholine. Apparently the 
phosphate-sulphocholine linkage both in phosphatidyl sulpho- 


Table 2 Rr values and electrophoretic mobilities of the sulphur-containing hydrolysis products from phosphatidyl sulphocholine 


Rt Relative electrophoretic 
Hydrolytic procedure in butanol-propionic mobility towards cathode* 
acid-water (142:71:100, v/v) pH 2.1 pH 6.5 
Methanolic HCIt 0.52 1.00 1.00 
Mild alkalit 0.72 1,00 1.00 
Phospholipase D 0.52 1.00 1.00 
Phospholipase C 0.23 0.00 —0.05 
Standards 
Choline 0.57 1,00 1.00 
Phosphorylcholine 0.23 0.00 —0.05 
2-Hydroxyethy! dimethylsulphonium iodide 0.52 1.00 1.00 
2-Methoxyethyl dimethylsulphonium iodide 0.72 0.98 0.97 
Trimethylsulphonium iodide 0.54 1.17 1.20 
Butyldimethylsulphonium iodide 0.80 0.90 0.89 


*Relative to mobility of choline. 


+Hydrolysed in 2.5% methanolic HCI for 5h under reflux; water-soluble phosphates detected were glycerophosphate and methylglycero- 
phosphate (Rp in butanol-propionic acid—water 142:71 :100, v/v: 0.17 and 0.30, respectively). 


tAccording to procedure of Kates’, neutralised with ethyl formate, 


the water-soluble phosphate detected was a-glycerophosphate (R; 0.17 


and 0.31 in butanol—-propionic acid-water 142:71 :100 (v/v) and phenol-water 100:38 (w/w) respectively). 
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choline and in phosphorylsulphocholine is readily attacked by 
methoxide ion, resulting in the release of the methoxysulpho- 
choline with concomitant formation of a-glycerophosphate 
or inorganic phosphate, respectively, 

The anomalous behaviour of phosphatidyl sulphocholine 
towards mild alkali may explain the unusual phospholipid 
composition of several photosynthetic marine diatoms re- 
ported previously". Low amounts of glycerophosphorylcholine 
(3-8 %) and high amounts of a-glycerophosphate (11-32%), as 
well as a **S-labelled compound (ref. 11, Fig. 8, spot 11) with 
mobilities similar to those of methoxysulphocholine, were 
detected in mild alkaline hydrolysates of the total lipids of these 
diatoms. Also, a **P-labelled and *S-labelled spot with the 
mobilities of lecithin was detected on chromatograms of the 
intact lipids of these organisms, indicating the presence of 
phosphatidyl! sulphocholine (ref. 11, Fig. 1 and 7). 

From these observations and the findings reported here, it 
seems that phosphatidyl sulphocholine may be present in high 
proportions in marine diatoms, replacing phosphatidyl choline 
as the major membrane phospholipid component. Phosphatidyl 
sulphocholine would be expected to have a zwitterionic structure 
at pH 7 and overall size and shape similar to lecithin so that 
this novel lipid could functionally substitute for lecithin in 
membranes of N. alba and other diatoms. 

The question concerning the biosynthetic pathways for the 
sulphonium analogue is intriguing, and two possible pathways 
can be postulated by analogy with those for phosphatidyl choline 
in mammalian and plant systems'? 


TP 
sulphocholine See CDP-sulphocholine 


-1,2-diglyceri ; ; 
pe nan ie phosphatidyl sulphocholine (1) 


B-mercaptoethanol SULTS. CDP-B-mercaptoethanol 
-1,2-digl id 
se ian a eriad A phosphatidyl-B-mercaptoethanol 


2CH 
—p phosphatidyl sulphocholine (2) 


In pathway (1), sulphocholine might be derived from 
dimethyl B-propriothetin, which is commonly found in marine 
organisms'*~'5 and has been shown to be derived from 
methionine. Alternatively, the sulphocholine might arise from 
methylation of B-mercaptoethanol, which is known to be a 
substrate for methyltransferases in rat liver'®. Evidence for the 
operation of pathway (1) has been reported for a mammalian 
system by Bjerve and Bremer!? who found that radioactive 
label from both **S-sulphocholine and Me-*H-sulphocholine 
was incorporated in rat heart and kidney phospholipids. With 
regard to pathway (2), we have not detected the presence of the 
expected phosphatidyl mercaptoethanol in N. alba, but this 
would not necessarily eliminate pathway (2) because rapid 
turnover of the thiol intermediate would make its detection 
difficult. 

The absence in N. alba and other marine diatoms" of signifi- 
cant amounts of nitrogenous phospholipids (phosphatidylserine, 
phosphatidylethanolamine and phosphatidylcholine) and the 
high concentrations of phosphatidyl sulphocholine and ceramide 
sulphonate’ suggest that in these organisms sulphur-containing 
amino acids (for example, cysteine and methionine) rather than 
serine, probably act as primary metabolic precursors of the 
glycerophospholipids and sphingolipids. These novel bio- 
synthetic pathways are being investigated. 
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An exosporium-like outer 
layer in Bacillus subtilis spores 


BACTERIAL endospores are differentiated cells surrounded by 
several characteristic spore envelopes—cortex, inner and outer 
spore coats. In addition to these layers, present in all Bacillus 
and Clostridium spores, several species possess a loosely 
fitting outermost structure—the exosporium'=*. In other 
species, however, including B. subtilis, the exosporium has not 
been found in thin sections'*?, although its possible existence 
was suggested by the observation of a fibrous ‘exosporial’ 
layer by freeze-etching*. In our studies of the fine structure 
of B. subtilis spores we have found that a new outer layer, 
probably an exosporium, is present and can be visualised in 
thin sections after partial chemical extraction of the spore coats. 
PM9, a normally sporulating, auxotrophic (Trp C2, Met C3, 
Phe A1) strain derived from B. subtilis Marburg 168 was used. 
Spores were obtained in a complex nutrient broth’ and fixed 
for electron microscopy either untreated or after incubation 
for 2h at 37 °C in 0.1 M Tris, 8M urea, at pH 8.5 in the pre- 
sence of 1% mercaptoethanol’®"". Fixation, Staining and elec- 
tron microscopy were carried out as described previously"®, 
Untreated spores show the classical spore structure with a 
cortex, an inner coat formed by three well defined layers and a 
thick, darker outer coat (Fig. 1). After urea—mercaptoethanol 
treatment (Fig. 2), the cortex and the inner coat remain un- 
changed, but the outer coat appears more loose and granular. 
In addition, a loosely fitting single sheet, detached from the 





Fig. 1 Untreated free mature spore of B. subtilis PM9 exhibiting 

the typical fine structure of spore envelopes, CX, Spore cortex: 

IC, inner spore coat; OC, outer spore coat. Note that no exo- 
sporium is clearly visible. Bar represents 0.2 um. 


™ 








Fig. 2 Free mature spore of B. subtilis PM9, treated with urea 

and mercaptoethanol. The three envelopes visible in the control 

(Fig. 1) are present. The fine structure of the outer spore coat 

is disorganised. Note the clearly defined outermost layer which 

exhibits all the characteristics of an exosporium (EX). Bar 
represents 0.2 um. 


outer coat, is visible. This layer is very much like the well known 
exosporium of B. cereus and other species? *. 

Treatment of spores with a reducing agent in the presence of 
urea is known to liberate a large amount of insoluble, structural 
proteins from thesporecoats'':!*, as reflected in the morphological 
changes of the coat structure. Our observations suggest the 
existence of a new, exosporium-like layer, tightly fitting the 
spore and masked by the dense outer spore coat. In fact, the 
exosporium is clearly visible in occasional sections of untreated 
spores, in which it appears tightly fitting the outer surface and 
remains in most cases undistinguishable from the dark outer 
coat. The clarity with which the exosporium could be seen, 
seems to be the result of two effects of the urea—mercapto- 
ethanol treatment—partial dissolution of the outer coat and 
loosening of the exosporium, 

Similar results were obtained with other wild-type and mutant 
B. subtilis strains. Control experiments show that the treatment 
which enables visualisation of ‘exosporium’ does not destroy 
the viability and heat resistance of the spores. It has been 
suggested?’ that the exosporium may play a role in the resistance 
of the spore—that is, against proteases and lytic enzymes. 
Its presence in B. subtilis spores would explain why there is no 
marked difference between the properties of these spores and 
those of such species as B. cereus. 

Demonstration of an exosporium-like structure in B. subtilis 
implies that the classification of bacterial spores into two 
classes'*, with and without exosporium, is incorrect, and extends 
the morphological similarity of the spores of various species 
to the outermost layer. 
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Bacteriophage P22 lysogenises 

efficiently at high multiplicities of 

infection because Salmonella typhimurium 
DNA synthetic capacity is limited 


INFECTIONS of Salmonella typhimurium by wild-type phage 
P22 generally result in a lytic response at low multiplicities 
of infection (MOIs) and a lysogenic response at high MOIs’. 
At MOIs above 5, more than 90% of all cells are lyso- 
genised. At an MOI of 3, 45% of the infected cells become 
lysogens whereas at an MOI of 1, only 23% of the infected 
cells are lysogenised. The regulation of P22 lysogeny has 
been studied extensively'’. Three structural genes and a 
cis-active site in the immunity C (immC) region are 
required to establish lysogeny. Interaction of gene cl and 
c3 products at the c27 site stimulates the production of the 
c2 repressor, and at the same time causes a transient 
retardation in the expression of lytic genes’’*. A mutant of 
S. typhimurium, Pox-1, that channels P22 infections at any 
MOI to lysogeny with an efficiency of 1.0 has a reduced 
capacity for both host and viral DNA synthesis*. Slowed 
synthesis of DNA in this mutant results in an over- 
production of regulatory proteins relative to the levels of 
viral DNA in infected cells. This, in turn, results in lysogeny 
at all MOIs. We now propose that the initial decision 


Fig. 1 Effects of MOI on rates of incorporation of *H-thymidine. 
S. typhimurium strain 109 was infected at 30°C with wild-type 
P22 at the indicated MOIs. Samples (10° cells) were pulse labelled 
with 20 pCi of *H-thymidine®. ©, Uninfected control; x , MOI 3; 
A, MOL 5; A, MOT 10. The dotted line is an arbitrary base line 
indicating possible levels of host DNA synthesis (see text). 
Dashed arrows mark the io? so rca 6 and 15 min after 
infection. 
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Table 1 Percentage hybridisation of DNA and RNA from infected 
cells to P22 DNA 





MOI 
1 2 3 10 20 
(a) DNA-DNA hybridisation 24% 19% 21% 44% 32% 
(6) RNA-DNA hybridisation — — 18% 63% 10.3 





a, Hybridisation of *H-thymidine-labelled DNA from infected 
cells to P22 DNA. *H-thymidine (200 pCi ml~*) was added to strain 
109 6 min after infection and the cells were lysed 20 min after infection 
_ as described before. Hybridisation to P22 DNA was done by the 
method of Denhardt!*, Data are expressed as the percentage of input 
_ counts bound to P22 DNA. Values for MOIs of 1 and 2 were corrected 
_ for the presence of uninfected cells in those cultures. b, Hybridisation 
of #H-uridine-labelled RNA from infected cells to P22 DNA. RNA 
was pulse labelled with *H-uridine (15 Ci ml~*) for 1 min, 8 min after 
infection of strain 109 by wild-type P22. RNA was prepared and 
hybridised to P22 DNA by the method of Smith??. 






between lysis and lysogeny in wild-type cells is also a 
function of the relative amounts of phage DNA and the 
phage proteins from the immC region. 

Wild-type cells were infected with wild-type P22 at MOIs 

of 3, 5, and 10, and the rates of *H-thymidine incorporation 
were determined (Fig. 1). The initial decline in incorpora- 
tion rate during the first 6 min was a result of shutoff of 
host DNA synthesis. The extent of host shutoff was com- 
parable in the three infections. Phage DNA synthesis is 
required for both lysis and lysogeny. The areas under the 
curves between 6 and 15min represent such synthesis‘. 
Incorporation of *H-thymidine between 15 and 30min at 
MOIs 3 and 5 was primarily into cells which were lytically 
infected. An arbitrary base line of host DNA synthesis rate 
is drawn at 3.X10° c.p.m. min™. This is the level seen by 
Levine and Schott‘, using a phage mutant unable to 
synthesise DNA. The areas under the curves between 6 
and 15 min were integrated to estimate the relative amounts 
of viral DNA synthesised in the three infections. Total cal- 
culated c.p.m. are 9.110‘, 7.1X 10‘, and 9.010‘ at MOTs 
of 3, 5 and 10, respectively. The ratios of total c.p.m. in- 
corporated (1.29:1.0:1.28) are different from the ratios 
of the parental genomes available for replication. These 
ratios, and the fact that the heights of the three peaks are 
comparable, suggest that the maximum replication of 
parental genomes was reached at an MOI of 3 or less. 
_ Table la shows the results of hybridising DNA from 
infected cells to P22 DNA attached to nitrocellulose filters. 
The ratio of percentage hybridisation for MOI 1 to that for 
MOT 20 is 1.0: 1.33, and is much different from the ratio 
of the parental genomes. It is reasonable to suggest that 
hear maximum replication of P22 DNA occurs at an MOI 
of 1. Moreover, these data support our conclusion that host 
shutoff does not depend on MOI, for the fraction of DNA 
that is virus specific is nearly constant. 

RNA synthesis did not follow the same pattern as DNA 
synthesis. Figure 2 shows the incorporation of *H-uridine 
pulses into acid-precipitable material. There were almost 
fourfold differences in both initial decreases and in maxi- 
mum levels of incorporation seen at MOIs of 3 and 20. 
Differences in the degree to which host specific transcrip- 
tion was shutoff probably accounts for the variation in 
incorporation during the first 2-4 min. This makes inter- 
pretation of the curves difficult, since each curve represents 
the sum of host and phage-specific RNA, and the amount 
of host RNA may be different in each infection. 

We determined the amount of viral-specific RNA syn- 
thesised 8 min after infection by hybridising RNA from 
infected cells to P22 DNA. The results are shown in Table 
1b. As MOT increased, the total incorporation of *H-uridine 
decreased (Fig. 2), but the fraction that was virus specific 
increased. Two conclusions are drawn from these data. 
First, the synthesis of phage RNA was directly dependent 
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Fig. 2 Effects of MOI on rates of incorporation of *H-uridine. 
Strain 109 was pulse labelled with 40 pCi of *H-uridine using the 
same procedure as for *H-thymidine incorporation, O, Un- 
infected control; x, MOIT3; A, MOI 5; a, MOT 10: .MOT20. 


on MOI. The ratio of the percentage hybridisable counts at 
MOI 3 to percentage hybridisable counts at MOI 20 is 
1.0: 5.5, close to the ratio of MOI 3 to MOT 20 which is 
1.0: 6.6. Second, because the fraction of RNA that was 
virus specific increased with MOI, the fraction that was 
host specific must have decreased. Therefore, the extent of 
host shutoff after infection was also MOI dependent. 

There is no evidence for translational controls in P22 
infections. Therefore, increased levels of RNA synthesis at 
high MOIs should result in increased levels of protein syn- 
thesis. We expect the cl gene transcript to be among the 
few species of phage RNA that are made 8 min after ine 
fection’. The cl protein is pivotal in the establishment of 
lysogeny'”**"*. If higher MOIs result in enhanced transecrip- 
tion of this gene, then the ratio of cl protein to DNA 
would be increased at higher MOIs. At present, there is no 
assay for the cl protein. Therefore we are restricted to 
measurements of RNA. 

If cells are infected with wild-type P22 at various MOB, 
and the percentage of infected cells receiving 3 or more 
copies of the parental genome is calculated from a Poisson 
distribution, there is good agreement between these values 
and the percentage of infected cells that become lysogens. 
We suggest that in a cell infected with 1 or 2 viral genomes, 
the rate of DNA synthesis relative to RNA synthesis is 
sufficiently rapid that not all the viral DNA can be com- 
plexed with cl protein, and the infection proceeds to lysis. 
If three or more copies of phage DNA enter a host cell, the 
rate of production of cl protein is sufficient to bind all the 
DNA and the cell is lysogenised. The dependence of lyso- 
geny on MOI is explained by the limited capacity of the 
infected cell to make DNA; this is saturated at MOTs near 
1. RNA synthesis is not so limited. Therefore, at high MOT, 
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the ratio of RNA synthesis (and regulatory proteins) to 
DNA synthesis is enhanced. When the ratio of regulatory 
proteins to DNA is sufficiently high, infections go to lyso- 
geny. This is achieved at MOIs of 3 and more in P22. 
Phage P22 has been classified as a lambdoid phage’. 
Phage A also shows increased frequencies of lysogeny at 
higher MOI”. We expect that limited DNA synthetic 
capacity of the infected bacteria accounts for the increased 
frequencies. 
This research was supported by grants from the NSF and 
NCI. 
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Acquired resistance to infection with 
Schistosoma mansoni 
induced by Toxoplasma gondii 


SPECIFIC acquired immunity to Schistosoma mansoni in the 
mouse has only recently been demonstrated definitively’. 
This phenomenon does not occur until 12 weeks after 
primary infection and has been found to be adoptively 
transferred only by serum’. The induction of so-called 
‘immunity’ to S. mansoni has also been reported in mice 
and hamsters exposed to a wide variety of unrelated 
organisms and extracts’~*, but in most, if not all cases it ds 
likely to be nonspecific. Although all of these acquired 
forms of resistance have been lumped together under the 
name of immunity, it is probable that the mechanisms of 
specific and nonspecific resistance are totally different. The 
present investigation of the effect on S. mansoni infection 
of Toxoplasma gondii, an intracellular protozoan parasite 
which renders mice resistant to a variety of unrelated 
organisms’”'', largely by activation of macrophages’’, may 
clarify the role of nonspecific mechanisms in protection 
against schistosomiasis. 

Swiss albino female mice (18-20 g) were purchased from 
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Carworth Farms, New City, New York, although in one 
experiment mice were obtained from Flow Laboratories, 
Rockville, Maryland. T. gondii cysts were obtained from 
the brains of animals infected for 5-6 weeks with the 
Gleadle strain. Experimental animals were injected intra- 
peritoneally with 10 cysts suspended in 0.2 mi brain emul- 
sion to which penicillin (100 U m`) and streptomycin 
(10 ug ml) were added. Similar volumes of brain emulsion 
from uninfected mice containing antibiotics were injected 
intraperitoneally into control animals. 

Recovery of immature schistosomes (schistosomula) from 
the lungs was carried out in two separate experiments in 
groups of eight Toxoplasma-infected mice and eight control 
animals (injected with normal mouse brain emulsion) 2 
weeks after the initiation of the protozoan infectton. The 
animals were anaesthetised and exposed percutaneously to 
500 cercariae of a Puerto Rican strain of S$. mansoni”. 
Recovery of schistosomula was carried out on day 6 after 
infection (the day of maximum recovery for the strain of 
mice used) as described by Sher er al., 

For quantitation of adult worms, mice were injected sub- 
cutaneously with 20 cercariae of a Puerto Rican strain of 
S. mansoni. Six to eight weeks after infection, groups of 
10 animals were anaesthetised and the portomesenteric 
venous system perfused™. In addition, the livers and mesen- 
teric vessels were searched for worms. All worms recovered 
from each experimental group were washed in normal 
saline. counted, and the length of the paired worms 
measured by an ocular micrometer mounted on a dissecting 
microscope. 

In one experiment the worms were washed three times in 
normal saline, emulsified in a tissue grinder and injected 
intraperitoneally into four mice to determine whether or 
not the schistosomes harboured any T. gondii. The animals 
were killed 6 weeks later, their brains examined for cysts, 
and their sera tested for fluorescent antibodies”. 

Schistesome eggs were counted by digesting the livers 
removed from Toxoplasma-infected and control mice 8 
weeks after infection with S. mansoni”. 

In two experiments using mice, respectively, from Car- 
worth Farms and Flow Laboratories, the Toxoplasma- 
infected animals had 35% (61+5 compared with 9448 in 
the controls) and 40% (89410 compared with 148412 in 
the controls) reductions in the number of schistosomula 
recovered 6d after exposure to S. mansoni cercariae. The 
differences between the experimental and control animals 
in each case were highly significant (P<0.01). 

Table 1 summarises the results of adult worm perfusions 
6-8 weeks after S. mansoni infection. In two separate 
experiments, animals infected with T. gondii Id before 
exposure to S. mansoni developed 32%, and 22% fewer total 
worms, and in each case 50% fewer worm pairs in com- 
parison with controls. The differences in each experiment 
were significant at the 5%, level. Furthermore, measurement 
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Table 1 Effect of injection of ten T. gondii cysts at different times before and after exposure to 20 S. mansoni cercariae: numbers and sizes 
l of the adult worms 8 weeks after induction of schistosomiasis 


Mean number of worms-+5.e. 


Males Females 
T. gondii 4 weeks before: 
Controls 0.8 -+0.2 1.00.4 
T. gondii-infected 1.1+0.4 0.6 -+-0.4 
T. gondii 1 d before: 
Experiment | 
Controls © 3.0+0.5 1440.5 
T. gondii-infected 2.9 4-0.5 0.9 -+-0.4 
Experiment 2 
Controls 2.5 40.6 1.0+0.3 
T. gondii-infected 3.0+0.5 1.1+0.3 
T. gondii 4 weeks after: 
Controls 1.10.3 0.2 40.1 
T. gondii-infected 1.10.4 0 


Mean length of worms 


(mm-+s.e.) 

Pairs Total Males Females 
3.4405 8.5-+-0.8 9,2 -+0.4 12.1+0.4 
2,0 -4-0.4 5.5-0.7 9.0+0.2 11.8 -+0.6 
3.2 4-0.4 10.8 + 1.2 8.9 +-0.2 10.8+0.3 
i 6 +03 7.3 +0 8 8 4+0,2 8.8 -4-0.4 
2,440.6 9.3-4.1 8.04-0.44 9.6+0.4 
1.2-+0.2 6.5 40.4 6.5-+0.2 7.4+0.2 
3,340.2 7.9+0.4 8.8 +0.4 11.1-+0.5 
3.4 4-0.3 8.5-0.4 9,0 4-0.5 10.9-+-0.6 


et 
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of the paired worms in both experiments showed that in 
each case the female worms from the Toxoplasma-infected 
mice were significantly shorter (P<0.05) (Table 1). The 
effect of the time of induction of toxoplasmosis on the 
recovery of adult schistosomes was then studied. Toxo- 
plasma cysts were injected 4 weeks before and 4 weeks after 
the initiation of the schistosome infection (Table 1). 
Whereas previous toxoplasmosis resulted in a 35% reduc- 
tion in the total worm load, infection 4 weeks after the 
injection of S. mansoni cercariae had no effect. 

_ There was no evidence that the adult schistosomes were 
infected with T. gondii as the four mice injected 6 weeks 
previously with emulsified worms from Toxoplasma-infected 
animals had no cysts in their brains and no antibodies in 
their sera. 

The results of S. mansoni egg counts in the livers of the 
different experimental groups were as follows: control 
animals injected with normal brain emulsion developed a 
mean egg load per liver of 6,736+325, whereas animals 
with T. gondii infection induced 4 weeks or 1d before 
schistosomiasis had respective reductions in the egg counts 
of 35% (4,480+210) and 43% (3,840+301). In contrast, 
animals infected with T. gondii 4 weeks after S. mansoni 
had mean egg counts similar to the controls (6,077 +286). 

Toxoplasmosis has been reported to protect mice against 
a variety of unrelated organisms and tumours” "!. This effect 
has been ascribed largely to activation of the macrophages”, 
Ruskin et al.” have demonstrated that activated macro- 
phages from T. gondii-infected mice not only display 
activity in vivo but have the capacity in vitro to destroy 
nonspecific target cells by a mechanism which does not 
involve phagocytosis. It has also been shown that other 
intracellular infectious agents such as Besnoitia jellisoni 
confer similar properties on mouse peritoneal 
macrophages’, 

Schistosomiasis is one of the major helminth infections 
of mankind, and greater understanding of the host defence 
mechanisms is urgently needed. The variety of conditions 
discussed under the blanket heading of immunity, however, 
tends to be confusing. Only recently has it been demon- 
strated definitively that specific acquired resistance to re- 
infection occurs in mice previously infected with S. 
mansoni. This does not occur until 12 weeks after infection 
and has been transferred passively with serum but not with 
cells”. Using monospecific antieosinophil serum" it has 
been shown that this form of resistance is due to an anti- 
body-dependent cell-mediated mechanism in which the 
effector cell is the eosinophil". 

Also considered under the term immunity have been 
various forms of resistance induced by snail haemolymph’, 
monkey erythrocytes‘, formalin-killed Escherichia coli? and 
extracts of Fasciola hepatica’. It seems probable, however, 
that most, if not all of these materials induced a nonspecific 
form of acquired resistance involving mechanisms totally 
different from that of specific immunity. The present 
experiments in which T. gondii induced resistance in mice 
to S. mansoni strongly suggest that nonspecific resistance 
can be acquired in schistosomiasis. 

Although T. gondii activates macrophages”, a factor 
considered to be largely responsible for the nonspecific pro- 
tection it affords against other organisms, this protozoan is 
also a powerful suppressant of B and T lymphocytes”, 
cells which are necessary for the induction and maintenance 
of specific immunity. Furthermore, specific acquired resis- 
tance in the mouse takes about 3 months to develop, but 
the protective effects of T. gondii and the other nonspecific 
agents mentioned above are fully manifest within a few 
days. 

With respect to our knowledge of the immunology of 
schistosomiasis, therefore, it is important not to lump all 
forms of acquired resistance to infection under the general 
term immunity, but to determine whether they are specific 
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or nonspecific. Since both types provide only partial 
resistance, and their kinetics and mechanisms are different, 
perhaps their effects may be additive. 
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Malaria transmission 
blocked by immunisation with 
gametes of the malaria parasite 


In view of the limited success of malaria eradication 
schemes based on concepts of vector control and chemo- 
therapy, serious efforts are being made to investigate the 
possibility of developing an antimalarial vaccine. So far two 
‘classes of vaccine have been under investigation: (1) an 
anti-sporozoite vaccine designed to prevent malarial infec- 
tion by blocking the infectivity of sporozoites introduced 
by mosquito bite”, and (2) vaccines directed against the 
asexual stages in the blood™*, Although the potential value 
of such vaccines is unquestionable, their realisation faces 
technical problems. The latest proposition is to induce 
immunity against the parasite stages which infect the mos- 
quito and by so doing prevent transmission of the disease 
by the vector. Gwadz has shown that the infectivity of 
malarious chickens to mosquitoes can be reduced greatly 
by prior vaccination with formalin-treated or XK-irradiated 
blood infected with the malaria parasite P, gallinaceum’. 
The number of oocysts (the stage of the parasite develop- 
ing on the wall of the mosquito gut) in mosquitoes fed on 
vaccinated chickens was reduced by 95-98% below that 
recorded in mosquitoes fed unvaccinated birds. To achieve 
this reduction, chickens were given three weekly intra- 
venous inoculations of a total of 4.5 ml of formalin-treated 
or irradiated blood. Using the same schedule, but with 
partially purified gametes of the malaria parasite, we have 
now reduced the infectivity of malarious chickens to mos- 
quitoes at least 99.99% below control levels. To achieve 
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Fig. 1 The material in the 18,000g pellet (see text) used for vac- 
cinating chickens. The preparation has been fixed and stained 
with Geimsa for the purposes of illustration. m, Male gamete; 
f, female poe; rb, residual body of male gametocyte (pre- 
cursor cell of male gametes) after release of gametes; pbc, 
parasitised red blood cell; mz, merozoites (mature asexual cells 
ready to invade red blood cells); n, nucleus of red blood cell 
within red cell ghost membrane; In, lysed nucleus of red blood 
cell; wbc, white blood cell. 


this reduction we had to use a minimum of 0.1 ul of packed 
cellular material. 

We used free gametes for the following reasons, To 
establish a malarial infection in the mosquito after a blood 
meal, male and female gametes of the parasite must 
undergo fertilisation in the lumen of the mosquito midgut. 
We predicted that this usually rapid process might be 
blocked by antibodies directed against one or both types of 
gamete. In the ordinary course of events the vertebrate 
host is apparently never exposed to the free gametes, which 
are released in malarious blood only in the gut of the 
mosquito or on exposure to the atmosphere. It seemed 
reasonable to assume, therefore, that in natural conditions 
transmission proceeds in the absence of significant im- 
munity against these stages in the life cycle of the parasite. 
By vaccinating with and artificially inducing immunity 
against the free gamete we hoped to block fertilisation and 
hence prevent transmission of the malaria parasite to the 
mosquito. 

Blood from chickens with high (40-60%) but increasing 
parasitaemias of P. gallinaceum was drawn from the heart 
and washed immediately in 50 volumes of suspended anima- 
tion (SA) medium (0.21% Tris; 0.96% NaCl; 0.2% glucose, 
adjusted to pH 7.4). Suspension of blood in SA medium 
facilitates removal of factors interfering with fertilisation 
and transmission, which may be present in the plasma, 
while the release of malarial gametes (usually spontaneous 
on exposure of blood to air) is reversibly suppressed. The 
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suspension of blood in SA medium was spun at 500g for 
5 min and the packed cells were resuspended in a medium 
that induced the release of the gametes from their precusor 
cells in the blood (100 volumes of inactivated foetal bovine 
serum; 20 volumes of 1.46% NaHCO;; 2.5 volumes of 5% 
NaCl, and 2.5 volumes of 10% glucose, adjusted to pH 8.0). 
The cells were incubated for 30 min at room temperature in 
2 volumes of the gamete-releasing medium for each volume 
of packed cells to facilitate complete release of both male 
and female gametes, the suspension being readjusted to 
pH 8.0. After centrifugation of the cell suspension for 5 min 
at 500g the supernatant contained numerous gametes (male 
and female), some extracellular asexual parasites, red cells, 
white cells and acellular debris. The supernatant was then 
spun at 18,000g for 10min. By visual estimation (com- 
parison of the pellet with measured volumes of methylene 
blue in identical centrifuge tubes) the amount of material 
in the 18,000¢ pellet occupied between one and two thou- 
sandths of the packed cell volume of the blood from which 
it was derived. This was the material used for vaccination 
(Fig. 1). In view of the heterogeneous nature of the cell 
and subcellular material in this preparation it was difficult 
to quantify accurately the relative amounts of gamete and 
non-gamete material. The yield of male gametes was about 
10% of that in the original blood. Male gametes repre- 
sented about 50% and female gametes about 20% of the 
cells present. A detailed account of the method of collec- 
tion of gametes will be published elsewhere. 

The 18,000¢ pellet was resuspended in SA medium and 
X-irradiated with 20,000 rad. The concentration of male 
gametes in the suspension was counted using a haemocyto- 
meter and the material was diluted in SA medium by three- 
fold steps to give a series of six dilutions (Table 1). Six, 
3-week-old, New Hampshire Red chickens were inoculated 
intravenously with three injections of the irradiated gametes 
(freshly prepared) in 1.5ml of SA medium at weekly in- 
tervals. The total number of male gametes received by each 
chicken varied from 9.010‘ to 2.210", representing the 
yield from 0.05 ml to 11.0 ml of blood at a 40-60% para- 
sitaemia (Table 1). One week after the last inoculation of 
gametes the vaccinated chickens and one unvaccinated 
chicken of the same age were challenged with P. gal- 
linaceum-infected blood. Peak parasitaemias of 40-60% 
were achieved in all vaccinated chickens compared with a 
peak parasitaemia of 58% in the control. A fresh batch of 
Aedes aegypti mosquitoes was fed daily on each chicken 
throughout its period of patent parasitaemia (defined here 
as 0.2% or more of blood cells parasitised). Seven days 
after feeding, 10 mosquitoes from each batch were dissected 
and their guts were examined for oocysts. The course of 
patent parasitaemia and infectivity to mosquitoes in experi- 
mental and control chickens are shown in Fig. 2. The total 
number of oocysts produced and the mean number of 
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Table 1 Oocyst production in mosquitoes fed on vaccinated and unvaccinated chickens 


Total immunising dose of 
male gametes 
were prepared (ml) 


Unvaccinated s. 
9.0 « 10* 0.05 
2.7 x 10° 0.16 
8.3 x 10° 0.47 
2.5 x 10° 1.4 
7.4 x 10° 3.8 
22x10 11.0 


Mean no. of oocysts per 


Volume of parasitised blood 
mosquito gut during the 


from which the gametes 


Total no. of oocysts pro- 
duced thoughout the course 


period of patent blood of infection by feeding 10 
infection mosquitoes per d 

2 2,267 
8.2 411 
0.00 0 
0.01 1 
0.00 0 
0.01 | 
0.00 0 


volume of parasitised blood from which the preparations were derived. A single unvaccinated chicken was used as a control. After challenge with 


live parasites a fresh batch of mosquitoes was fed daily on each chicken 


parasitised). Seven days after feeding ten mosquitoes from each batch were dissected and the oocysts on each mosquito midgut were counted. 
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Mean no. of oocysts per gut in fed mosquitoes 
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Fig. 2 The course of patent blood parasitaemia (> 0.2% of 

blood cells parasitised) and infectivity to mosquitoes (mean 

number of oocysts per gut in mosquitoes fed during 

parasitaemia) in vaccinated and unvaccinated chi | 

Unvaccinated chickens; A&A., chicken vaccinate ao with 

9.0x10° male gametes; A, 2.7 « 10°; 2: 8.3 x 10°; He, 
2.5x108; O, 74x10% 0, 22« HY. 
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oocysts per mosquito over the total period of patent infec- 
tion in each chicken is shown in Table 1. 

In a normal infection of P. gallinaceum in the chicken 
the total number of oocysts produced by feeding 10 A. 
aegypti per day throughout the course of infection lies in 
the range of 2,000-4,000. In our experiment the mosquitoes 
fed on the unvaccinated chicken yielded more than 2,000 
oocysts, representing an average of about 25 oocysts per 
mosquito during the period of transmission by mosquitoes. 
By contrast, all but the chicken vaccinated with the fewest 
gametes were almost totally uninfective to mosquitoes 
throughout their period of patent infection, oocyst counts 
being reduced by 99,9-100%. Even for the chicken 
vaccinated with the fewest number of gametes (9x 10* 
gametes equivalent to the yield of 0.05ml of blood) 
infectivity, as measured by oocyst production, was reduced 
by 80% below that of the control. Similar results have 
been obtained using comparatively highly purified prepara- 
tions of female gametes as a vaccine and with highly 
purified male gametes. 

Oocyst counts in infected anophelene mosquitoes in areas 
of holoendemic human malaria are generally less than 10 
per gut". In principle the level of suppression of oocyst 
production achieved in our study should lead to considerable 
reductions in the infectivity of vectors of human malaria 
if the same response to gamete immunisation could be 


reproduced successfully in exposed human populations, 
We have demonstrated that a transmission-blocking 
vaccine based on malarial gametes is easily prepared, un- 
complicated in administration (effective without adjuvants) 
and highly potent in the P. gallinaceum~chicken system. 
But as in the case of other forms of antimalarial vaccines 
tested with animal systems the translation of a gamete l 
based vaccine into a realistic measure for combating human 
malaria faces formidable problems. Not only must the 








effectiveness of a gamete vaccine be demonstrated for _ 


human malarias, but the means of producing large quanti- 
ties of suitable material must be found. Nevertheless, if | 
satisfactory progress is made in these areas we believe’ i 
vaccine based on the free gametes of the malaria p parasite 
may have considerable significance for the prospects of 
malaria control or eradication. 

The concepts arising from this study may have relevance 
beyond their application to malaria. In most vector-borne 
protozoal or helminthic diseases (for example, malaria, 
babesiosis, trypanosomiasis, lieshmaniasis and filariasis) the 
disease organisms undergo marked biological transform 
tions after their entry into thi vector. It isi sible that in 
some instances vaccination c ost with parasite material 
from the earliest stages of j formation in. the vector 
may reduce transmission of the disease. p eres 
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Induction of autoantibodies to red 
blood cells by polyclonal B-cell activators 


Tue ability to distinguish self from non-self is a fundamental 
property of the lymphoid system. One hypothesis for 
immunocyte triggering’ proposes that the encounter between 
antigen and immunoglobulin receptors results in irreversible 
tolerance, whereas activation requires additional signals, 
thus ensuring that tolerance to self-antigens will always be 
the first and easiest event to achieve. An alternative view 
is that the self—non-self discrimination is carried out by T 
celis’, whereas B cells could never be made tolerant to 
thymus-dependent antigens, including autologous antigens, 
because these antigens cannot deliver any signal to B cells 
by interacting with the Ig or any other B-cell receptor“. 
Experimental support for this notion has been obtained by 
the demonstration that tolerance to autologous antigens can 
be broken by the injection of cross-reacting antigens’ and 
that there are antigen-binding human B cells able to bind 
human thyroglobulin’. To distinguish between the two 
hypotheses, it is necessary to determine whether tolerance to 
self-antigens exists at the B-cell level. This can be done by 
treating lymphocytes with polyclonal B-cell activators (PBA) 
and studying antibody formation against autoantigens, for 
PBA are competent to active B cells of any specificity and 
thus to reveal the total V gene repertoire of the B cells. 
We have activated bovine spleen cells in culture with PBA 
(lipopolysaccharide (LPS) from Escherichia coli 055 : B5 and 
purified protein derivative (PPD) of tuberculin) and studied 
the number of plaque-forming cells (PFC) appearing against 
autologous red cells and heterologous red cells coated with 
the hapten NNP. In all experiments, the spleen cells and the 
red cells were derived from the same animal. We found that 
PBA-activated bovine lymphocytes synthesised autoanti- 
bodies agains their own red cells. 

As shown in Fig. 1, which represents the results from 
three cows, there was a response measured as thymidine 
incorporation to different concentrations of LPS, although 
to a lesser extent than with mouse spleen cells. But LPS 
induced activation, as determined by an increased thymidine 
incorporation, was highly significant, being three to six 
times the background values. 

To study induction of autoantibody synthesis, bovine 
spleen cells were cultured in serum-free medium and stimu- 
lated with different concentrations of LPS and in some 
experiments also with PPD. After 2d PFC against auto- 
logous red cells and hapten (NNP)-coated sheep red cells 
were counted. Bovine lymphocytes were used because bovine 
red cells can be used in the plaque assay’. As Fig. 2 and 
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Table 1 show, antibodies were always induced to NNP- 
coated sheep red cells although there were fewer PFC 
than expected from mouse experiments. There was, how- 
ever, an analogous increase of the number of PFC against 
untreated autologous red cells. There were usually fewer 
PFC against autologous cells than against NNP-SRC, but 
the two showed the same increase over background and 
the same dose-response curve. 

Thus, the polyclonal B-cell activators LPS and PPD could 
both induce the formation of autoantibodies by bovine 
spleen cells. These substances also induced thymidine uptake 
and plaque formation against NNP-coated sheep red cells. 

It seemed possible that LPS and PPD would coat the red 
cells and that the PFC actually detected activity against 
these added foreign materials. But this possibility can be 
excluded on the basis of previous experiments’, because the 
concentrations of PBA used here were such that antibody 
formation against the PBA was completely inactivated, 
whereas polyclonal antibody synthesis was induced. Thus 
there must be resting B lymphocytes in bovine spleen cells 
that can be activated, by the addition of PBA, to synthesise 
antibodies able to lyse their own red cells. 

These findings have far reaching implications for an 
understanding of the mechanism of self—non-self discrimina- 
tion. They indicate that B cells are not normally tolerant to 
their own thymus-dependent self constituents. This agrees 
with findings on experimentally induced tolerance to a 
thymus-dependent protein antigen in mice, where com- 
pletely tolerant animals had a normal complement of B 
lymphocytes able to produce antibodies against the tolerogen 
after activation by LPS (refs 9, 10). 

The findings also have implications for an understanding 
of the mechanism of B-lymphocyte activation. According 
to the two-signal concept’, signal one occurs after inter- 
action between the antigen and the Ig receptor and results 
in an irreversible state of immunological tolerance. Only 
the simultaneous addition of both signals results in lympho- 
cyte activation, whereas signal two alone has no effect. 
The alternative hypothesis suggests that only one non- 
specific signal activates the B lymphocytes’. This signal is 
not delivered by the Ig receptors, but rather by non- 
clonaHy distributed receptors for PBA, since B lympho- 


Fig. 1 Induction of DNA synthesis with different concentrations 
of LPS in bovine lymphocytes in serum-free microcultures using 
5x 10° cells per well in 0.2 ml of Eagle's minimum essential 
medium in Earle’s solution containing amino acids and anti- 
biotics as described by Mishell and Dutton®?!. The cultures 
were incubated at 37°C as described before’®, and after 
1-2 d each well received | pCi of °H-thymidine. The cultures 
were then collected 24h later on glass fibre filters in a multiple 
harvester. The filters were dried, scintillation fluid was added 
and they were counted in a liquid scintillation counter. The 
figures below the bars denote the cow number in Table J. 
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Fig. 2 Induction of prise cue PFC in serum-free cultures with 
bovine lymphocytes stimulated with different concentrations of 
LPS and PPD. The numbers below the bars indicate cow 


number. Values are tl Hac as PFC per 10* lymphocytes. 
I x 107-2 x 107 spleen ce re cultured in I ml of medium in 


3-cm plastic Petri dishes set up in triplicate The cultures were 
incubated on a rocking platform for 2 d and thereafter the cells 
were assayed in a modrfied?® agar plaque assay™ using untreated 
autologous red cells or haptenated (NNP) sheep red cells. 
Haptenation was carried out as before??. 


cytes from bovine spleens must necessarily have been in 
continuous contact with their own red cells, and in spite 
of this did not become irreversibly tolerant. The results 
suggest that interaction between Ig receptors and self 
antigens does not give a tolerogenic signal. 

It has been pointed out that the self—non-self discrimina- 
tion might be executed entirely at the T-cell level". This 
is usually sufficient to maintain a state of self—non-self 
discrimination, because the autologous antigens are thymus 
dependent and thereby require cooperation between T and 
B cells for induction of an immune response. Since the self- 
reacting T cells would be absent, induction would not 
usually occur. Induction could be achieved, however, if the 
cells are given the relevant triggering stimulus delivered by 
different polyclonal B-cell activators as shown in this 
experimental system. This would usually occur as a conse- 
quence of exposure to PBA material, as happens in 
infections with organisms having or releasing PBA material. 
This is probably the reason for autoantibody formation in 
chronic infectious diseases such as mycoplasma infections, 


ee 


Table 1 Induction of PFC against NNP-coupled and autologous 
red blood cells by LPS after 4d in serum-free cultures containing 
2 x 107 cells each 


PFC per culture after addition of 
LPS 


Cow no. 


Target cells 10 ug 100 ug 1,000 pg 

3 NNP-SRC 32 17 167 
Autologous 0 0 7 

4 NNP-SRC 3 5 34 
Autologous 0 l 6 

5 NNP-SRC 63 121 60 
Autologous 0 5 3 

6 NNP-SRC 46 60 108 80 
Autologous 2 4 14 8 

7 NNP-SRC 7 32 27 
Autologous 6 24 31 





Bovine spleens were collected immediately after slaughter and the 


interlor part was cut out. Blood samples were drawn simultaneous] 
from the same animal. i 
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leprosy, malaria and so on, where it has been shown clearly 
that the infectious organisms have polyclonal B-cell activa- 
ting properties. 

This work was supported by grants from the Swedish 
Cancer Society and the Swedish Medical Research Council. 
We thank Miss Inger Cederberg for technical assistance. 

LENNART HAMMARSTROM 
EDVARD SMITH 
DANIELE PRIMI 
GÖRAN MOLLER 
Division of Immunobiology, 
Karolinska Institutet, 
Wallenberglaboratory, Lilla Frescati, 
104 05 Stockholm 50, Sweden 


Recerved May 17, accepted June 28, 1976. 


1 | A ,and Cohn, M S., Scwence, 169, 1042 (1970) 
Crus, J M, and Habicht, G Ga 8, T . Rer», 3 (1979). 
Torigean, G E Ae Lancet 1, 226 (1973). 
d Moller, G, Scand J. Iman , 4, 99 (197 
pera Moller, G , Scand. J Imuran , 3, 133 i, 
“Dad Nakamura 1565) J Imomn., » 223 (1967). 
., Nature, 207, 1 
"A, Gronowicz, E., Bullock, W., and Moller, G , J. exp. Med., 139, 


? Gronowkz, E., and Coutinho Immm , 5, 413 (1975). 
18 Moller, G., ef al., J. exp. Med “aT (435 (197 

L. J exp M aA ae 
A ee eae 333) 

13 Bullock, W , and Moller, E, Enr. J. Imma 4.1972). 

14 Jermo, N. K., and Nordin, A A, Sewence, 140 Yes ). 





Genetic control of the response of 
chicken leukocytes to a T-cell mitogen 


THe way in which mitogens stimulate lymphocytes to divide in 
culture is not known. Some mitogens (for example, bacterial lipo- 
polysacchandes) stimulate immunoglobulin-bearing lympho- 
cytes to divide and secrete antibodies; others, such as 
concavanalin A (con A) or phytohaemagglutinin (PHA), 
stimulate thymus-derived cells (T cells) to proliferate’:*. An 
analysis of the mechanism of action of these mitogens may be 
helpful in deciding how specific lymphocytes respond to 


Fig. 1 Responses of peripheral blood leukocytes from CB (. - 
WA (——), and (CB x WA)F, (--) birds to various doses of con A 
Mean and range of nses of four birds from each strain are 
given for each dose e response of a single bird is measured 
as the mean of ?H-thymidine uptake in triplicate 96-h micro- 
cultures, each culture containing 1.510" leukocytes in 200 P 
RPMI 1640 medium APREN enid with penicıllın (100 IU ml- 
streptomycin (100 -1)}, and glutamine (2 mM) plus k 
ed dose of N (Miles, Kankakee, Illıno:s). Cultures were 


set up in flat-bottomed wells of Falcon 3040 plates and collected 

as descnbed previously* 16 h after addition of ?H-thymidine 

(2 pCi in 50 ul culture oeii: Di apa activity 2 Cı mmol ~?) 
to each 


c.p m. per culture (°H) 
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antigen. We report here a case of genetic control of the ability 
of leukocytes to respond to a T-cell mitogen; lymphocytes 
from certain inbred chicken lines give a high proliferative 
response to con A, whereas those of other lines give a low 
response. The chicken provides a suitable model for studying 
such responses, in particular because it is easy to culture avian 
peripheral blood leukocytes and thus compare the results of 
mitogen stimulation directly with those obtained using human 
peripheral blood cells. 

The CB and WA chicken lines used in these experiments are 
highly inbred**, Peripheral blood leukocytes, prepared as 
described by Greaves et al.5, were cultured in the presence of 
varying doses of con A and PHA in microculture trays; after 
a fixed period (usually 3 d) *H-thymidine was added to the 
cultures and after a further 16 h, the cells were collected and 
uptake of radioactivity (presumed to reflect DNA synthesis) 
was determined as described previously.®. 

Figure 1 shows the responses of leukocytes from adult 
(9-36-month-old) birds of the CB and WA strains, and of 
(CB x WA)F, hybrid birds, to various doses of con A. The 
responses of WA and F, birds are similar and are at least 
fivefold higher than the response of CB birds at all doses of 
con A except the (possibly toxic) highest tested. The responses 
were measured after 96 h, but, as Fig. 2 shows (for a selected 
dose of con A), the difference between the two strains can be 
seen throughout the response (that is, from 2—4 d). 

Figure 2 also shows that leukocytes of the two strains 
respond equally well, or almost so, to a second T-cell mitogen, 
PHA; although only shown for a particular dose of PHA, this 
is true for a wide range of PHA concentrations. This fact, as 
well as providing a useful control for the survival of the 
leukocytes in culture, shows that the low response of the CB 
strain to con A is not caused by a defect in the ability of CB 
leukocytes to proliferate in culture (indeed, as shown previously, 
the response of CB leukocytes in a mixed leukocyte reaction is 
as good, or almost as good, as that of WA leukocytes®). 

An analysis of the responses to con A of leukocytes from 
(CB x WA)F, and CB x (CB x WA) backcross birds is given in 
Fig. 3. Of 31 F, birds tested, 22 were high and 9 low responders. 
Of 8 backcross birds, 5 were high and 3 low responders. Most, 
including all the low responders, have been tested at least twice 


Fig. 2 Time course of responses of peripheral blood leukocytes 
from CB and WA birds to con A (2.5 ug mi?) and PHA (1:100 
diluted from PHA-M (Difco) stock). Cultures were set up in 
triplicate for each time point and pulsed for 16 hr with H- 
thymidine before being collected at the specified times, as 
described in the legend to Fig. 1. The source of CB (or WA) 
cells was a pool of leukocytes prepared from three CB (or WA) 
birds. Each point represents the mean of the triplicate values. 
Vertical bars represent the range of responses of three individual 
CB (D and WA ()) birds to PHA (1:100 dilution), measured 
after 96 h (in a separate experiment, in identical conditions). 
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Fig. 3 Genetic control of the response of chicken peripheral 
blood leukocytes to con A. The responses of leukocytes from 
individual CB (O), WA (@) and (CB x WA)F, (Wi) or CB x (CB x 
WA)F, backcross (§) birds were measured after 96 h in culture, 
as described in the legend to Fig. 1, in three experiments. In the 
first (a), the responses of CB, WA and 14 randomly chosen 
(CB x WA)F, hens were measured; of the F, birds, 3 are low, and 
{1 high responders. In the second experiment (4), the responses 
of CB, WA and 14 selected F, birds (hens Ẹ and cocks -4) were 
measured; of the F, birds, 7 are high and 7 low responders. 
The birds were selected as high and low responders on the basis 
of previous experiments. In the third experiment (c), the responses 
of CB, WA, and 8 randomly chosen CB x (CB x WA) backcross 
birds were measured; of the backcross birds, 5 are high and 
3 low responders. In each experiment, the responses to various 
doses of con A were measured; the values given are responses 
to the dose giving the optimum distinction between high and 
low responders (2.5, 2.5 and 0.25 ug ml ™ of con A, respectively). 


with consistent results. These findings indicate that a single, 
dominant gene controls the ability of peripheral blood leuko- 
cytes from the two strains to respond to con A in culture. 
We have provisionally called thislocus Mrl (mitogen response 1) 
and its alleles Mri-hi (WA) and Mri-/o (CB). 

Table 1 gives the results of tests for genetic linkage of the 
Mr locus to the major histocompatibility (B) complex (which 
actually includes at least three closely linked loci*~*), and to 
the linked Gi and MI immunoglobulin allotype loci?" , 





Table 1 An autosomal locus, not part of the major histocompatibility 
or immunoglobulin gene complexes, controls the response of chicken 
peripheral blood leukocytes to con A 


aranana 


Total 


High Low 

21 (22.5) -9:(7.5) 30 

B1/1 8 (9.0) 4 3.0) 12 
BL/9 9 (9.7) 4 (3.3) (3 
B9/9 4 (3.7 1 (1.3) 5 
Gla/a 5 (4.5) 1 (1.5) 6 
Gla/d 8 (10.5) 6 (3.5) 14 
Gid/d 8 (7.5) 2 (2.5) 10 
E 10 (12) 6 (4) 16 

ọ ti (10.5) 368.5) 14 





Phenotypes of 30 randomly chosen chickens derived from an Fs 
cross between the inbred lines CB and WA. The B locus antigens 
(BI or 9)*4, immunoglobulin G allotypes (Gla or d, which in this 
cross are associated with the immunoglobulin M allotypes Mla or 
Mic respectively)!" and sex of each bird were determined, as well 
as the reactivity (high or low) of its peripheral blood leukocytes 
towards con A. Numbers of birds of each phenotype are given, 
together with (in parentheses) expected numbers if there is no genetic 
linkage between loci controlling response to con A and the other 
listed factors. Phenotypes of the parental lines are: CB, B1/1, Gla/a; 
WA, B9/9, Gid/d. 


s$ 
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The Mr1 locus is not linked to these loci, nor is it sex linked or 
sex limited (Fig. 2). Tests for linkage of the Mri locus to loci 
controlling a serum albumin polymorphism", feather colour*, 
and the C and E blood group antigens have also proved 
negative (J.R.L.P., V.M., and K. Hala, unpublished). 

A single-gene effect on the ability of leukocytes to respond 
to con A could have a number of explanations, of which some 
may be tested directly. For example, the WA, but not the CB, 
strain may have a lymphocyte surface receptor which has a 
high affinity for con A, and which, on reaction with con A, 
triggers the cell to divide. An alternative, but equally likely, 


- explanation is that a subpopulation of leukocytes (presumably 
-= of T lymphocytes*), whose size differs in the two strains, 


responds fo con A. The Mrl marker may prove useful in 


identifying the putative receptor, or T-cell subpopulation, 


involved in the response. 

Other cases of genetic difference in the ability to respond to 
mitogens have been described: lymphocytes from mice of the 
C3H/HeJ strain do not respond to lipopolysaccharides, 
whereas cells from other mouse strains respond well; the 
response is controlled by a single non-H-2-linked and non-Ig 
allotype-linked gene’. Small differences, shown to be genetic, 
in the ability of different mouse and rat strains to respond to 
the T-cell mitogens con A and PHA have been described!*-!’; 
this differs from our results in that low responders to con A 
were also low responders to PHA, suggesting that poly- 
morphism of a specific con A receptor is not an explanation for 
the observed differences. No genetic differences in the ability to 
respond to mitogens have been established in human popula- 
tions, but that such differences may exist is clearly a point to 
consider when the results of mitogen stimulation assays of 
human T-cell function are being assessed. 


V. MIGGIANO 
M. NORTH 
A. BUDER 
J. R. L. PINK 
Basel Institute for Immunology, 
487 Grenzacherstrasse, Postfach 4005, 
Basel 5, Switzerland 


Received June 3; accepted July 19, 1976. 


l Moller, G. (ed.), Transplant. Rey., 114 (1972). 
* Weber, W. T., Transplant. Rev., 24, 113 (1975). 
3 Hašek, M., Knizetova, F., and Mervartova, H., Folia biol., 12, 335 (1966). 
+ Hala, K., Hasek, M., Hlozdnek, L, Hort, J., Knizetova, E., and Meérvartova, H., 
Folia biol., 12, 407 (1966). 
+ Greaves, M, F., Roitt, 1. M., and Rose, M, E., Nature, 220, 293 (1968). 
& Miggiano, V., Birgen, L, and Pink, J. R. L., Eur. J. Immunol., 4, 397 (1974). 
? Schierman, L. W., and McBride, R. A., Transplantation, 8, 515 (1969). 
3 Hala, K., Vilhelmová, M., and Hartmanova, J., Immunogenetics, 3, 97 (1976). 
* Ziegler, A., and Pink, J. R. L., J. biol. Chem. (in the press). 
10 fvanyi, J., Immunogenetics, 2, 69 (1975). 
ii Pink, J. R. L., and Ivanyi, J., Eur. J. Immun., 5, 506 (1975). 
12 Mcindoe, W. M., Nature, 195, 353 (1962). 
13 Hutt, F. B., in Pigment Cell Growth (edit. by Gordon, M.), 29 (Academic, 
London, 1953). 
14 Gilmour, D. G., in Physiology and Biochemistry of the Damestic Fowl, 2 (edit. 
by Bell, D. J., and Freeman, B. M,), 883 (Academic, London, 1971). 
13 Watson, J., and Riblet, R., J. exp. Med., 140, 1147 (1974), 
16 William. M.. and Benacerraf, B., J. exp. Med., 135, 1279 (1972). 
17 Newlin, C. M., and Gasser, D, L., J. Immun., 110, 622 (1973). 


SE EIA LIDS AE TES TEE I ESSERE TG EEC, 





Presence of HLA-D 
determinants on human macrophages 


WueEN lymphocytes from two genetically dissimilar indi- 
viduals are cultured in vitro, blast transformation and 
increased DNA synthesis occur in some of them; this is 
the mixed lymphocyte culture (MLC) interaction’, In man, 
the MLC-activating determinants seem to be coded for by 
the genes of the HLA chromosome region, of which the 
HLA-D determinants seem to induce the strongest pro- 
liferation. HLA-D determinants are expressed on B cells*, 
skin cells‘ and sperm’. Human macrophages can also acti- 
vate allogeneic lymphocytes in vitro as detected in the 
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mixed lymphocyte macrophage culture (MLMC) inter- 
action’. The stimulating activity of the macrophages 
seems to be much greater than that of peripheral blood 
lymphocytes. Human Ia-like antigens (B-cell antigens) are 
strongly expressed on macrophages’’. In the mouse, the 
lymphocyte-activating determinants of the M locus as well 
as those of the H-2 loci are also expressed on macro- 
phages’. We now present evidence that the lymphocyte- 
activating determinants on human macrophages are also 
coded for by the HLA-D locus and that an antiserum 
against HLA-Dw2 (la-equivalent) or closely associated 
determinants can inhibit specifically the stimulatory pro- 
perties of macrophages from Dw?2-positive donors. 

Leukocytes were separated from human peripheral blood 
by Ficoll-Isopaque flotation. Relatively pure macrophage 
populations were obtained by incubating the isolated leuko- 
cytes in plastic flasks for 8h. The non-adherent cells, mainly 
lymphocytes, were decanted by repeated washing and the 
adherent cells were incubated for a further 7-8 d, after 
which the peripheral blood monocytes had matured into 
macrophages and the granulocytes had died out. The macro- 
phages were collected by scraping the flask sides with a 
rubber policeman in calcium-free medium containing 
EDTA, and the cells were washed out in the same medium. 
The MLMC technique is described in the legend to Fig. 1. 
Stimulating macrophages were obtained from individuals 
known to be homozygous for a particular HLA-D deter- 
minant and used as typing cells against a panel of lympho- 
cytes previously typed to be HLA-D heterozygous. In 
addition, macrophages were isolated from HLA-D hetero- 
zygotes and used as control stimulators for determination of 
the relative response. The anti-HLA-Dw2-associated anti 
body serum SyW was produced by planned immunisation 
of HLA-A, HLA-B identical volunteers". 

The pooled results from five experiments with macro- 
phages from donors homozygous for either the Dw2 or 
Dw3 determinants are shown in Fig. 1. Macrophages homo- 
zygous for a particular HLA-D determinant stimulated rela- 


Fig. 1 HLA-D typing results obtained with macrophages 
from HLA-D homozygous donors (Dw2 and Dw3). Responding 
lymphocytes were separated from donors previously typed to be 
Dw2 positive (©) or Dw2 negative (B), Dw3 positive Ca) or 
Dw3 negative (@). Responding cells (50 x10% were mixed in 
combination with macrophages (10 « 10°) in 6.2 mi of medium 
RPM! 1640 containing antibiotics and 20% human AB serum 
in the wells of microtitre plates. The plates were incubated for 
5d and collected after an 18-h pulse of *H-thymidine. The 
results are expressed in relative response (RR) calculated from 
the formula: 


RR = 100x 
c.p.m. MLMC (homo.macrophages)—c.p.m. autologous culture 
c.p.m. MLMC (heteroz.macrophages)—c.p.m. autologous culture 





The heterozygous macrophage control donors were always 
Dw2 or Dw3 negative respectively. Pooled data from five 


experiments. 
140 ~ 
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tively weakly (RR < 40%) lymphocytes from heterozygous 
donors previously typed to possess the HLA-D determinant 
shared with the macrophage donor. This was the case for 
both the Dw2 and Dw3 determinants in aH combinations 
tested (Fig. 1). Macrophages did, however, stimulate 
lymphocytes not sharing the particwar HLA-D determinant 
to a degree comparable with that observed with stimula- 
tion by heterozygous macrophages (RR > 70%), where a 
known two-haplotype incompatibility existed. A clear bi- 
modality of the relative response distributions for the 
various responding cell donors, simHar to that observed 
using homozygous lymphocytes as stimidating cells in typing 
MLC tests was observed for the macrophage stimumation 
for both specificities tested. In no experiment was it pos- 
sible to demonstrate stimulation of lymphocytes by auto- 
logous macrophages, nor to demonstrate increased macro- 
phage proliferation by culturing these ceHs in combination 
with mitomycin-treated aHogeneic lymphocytes. 

It seems therefore that the HLA-D determinants are 
found in the cell membrane of both lymphocytes and 
macrophages. This would account for the fact that macro- 
phages from HLA-D homozygous donors faded to, or only 
feebly stimulated heterozygous lymphocytes sharing an 
HLA-D determinant. In other words, the HLA-D typing 
results obtained with homozygous macrophages or lympho- 
cytes were completely congruem, and so a macrophage- 
specific differentiation antigen cannot be responsible for the 
positive response observed in MLMCs. In addition, little 
stimulation was observed in MLMCs between unrelated 
individuals typed to be HLA-D identical (unpublished 
observations). 

We investigated whether antiserum shown specificatty to 
inhibit the stimulating capacity of lymphocytes possessing 
the Dw2 determinant could also inhibit specifically the 
stimulating capacity of macrophages from Dw?2-positive 
donors. This antiserum has been found to inhibit the stimu- 
lating capacity of lymphocytes possessing the Dw2 deter- 
minant, while inhibiting the responding cells to a much 
lesser degree’. MILMCs were established in medium supple- 
mented with either 20% normal human AB serum ora 1:1 
mixture of the antiserum in normal AB serum. The ami 
serum had a significant inhibitory effect (> 50% reduction 
compered with controls) on all the stimulating macrophages 
possessing the Dw2 determinant (Fig. 2), but inhibited 


Fig. 2 The inhibi effect of an anti-HLA-Dw2-associated 
antiserum on macrop stimulation. Open columns, c.p.m. 
of the cultures in 20% normal serum-supplemented medium; 
stippled col ts in medium aipplemented with 10% 

normal serum plus 10% antiserum. a, Responder (Dw3/oh) 

was the antiserum producer; b, an unrelated donor (Dw5/Dwé6), 
not possessing the Dw2 determinant. The HLA-D typing data 
of the macrop donors are shown. The results are the median 
and the range of triplicate cultures in c.p.m. Autologous re- 

sponses have been subtracted. 
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Dw2-negative cells only slightly. The inhibiting effect of 
macrophages from individuals shown to be homozygous for 
the Dw2 specificity was particularly pronounced (Fig. 2). 
The stimulating properties of homozygous cells of other 
specificities however, were not inhibited significantly. The 
results of these inhibition experiments support the assump- 
tion that identical or closely linked stimulating structures 
(HLA-D) exist on macrophages as well as on lymphocytes. 
The macrophage has a well known helper function m 
MLC, and cultures devoid of such cetls do not give a posi- 
tive response’. No specificity for this function has been 
demonstrated in human MLC, and the necessary macro- 
phages can be either autologous or allogeneic to the respond- 
ing cell. This helper function can be replaced by cell-free 
supernatants derived from adherent ceils“, but not by 
mercaptoethanol’. Macrophages are also important in the 
presentation of mitogens and soluble antigens to T cells’*’’’, 
and in the mouse effective cooperation requires identity 
between the macrophages and the T cells at the H-2 I 
region“, and therefore possibly the Ia determinants. It has 
been suggested that alteration of Ia determinants by antigen 
is the stimulatory signal in lymphocyte activation”. Our 
finding that the HLA-D determinants are present on human 
macrophages may indicate a similar function for HLA-D 
in man. The ability of macrophages to stimulate allogeneic 
lymphocytes, however, is probably a result of direct inter- 
action between the stimulating determinants in the macro- 
phage cell membrane and the responding lymphocytes, and 
not to a helper function per se, although this ability may 
be part of a more genera! T-cell activation mechanism. 
This work was supported by a grant from the Norwegian 
Research Council for Science and the Humanities. 
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Origin of immunoglobulin—albumin complexes 


THE propensity of human IgA and IgM monoclonal proteins 
to complex to endogenous serum proteins, such as albumm 
and a, antitrypsin (a,AT), has been previously established? ~. 
When complexes of IgA-albumin and IgA-a, antitrypsin are 
isolated, albumin and a,AT are found on separate polymeric 
IgA molecules and not on monomeric IgA*. Another poly- 
peptide chain, J chain, has also been shown to exist in polymeric 
IgA and IgM (refs 4 and 5) but not monomeric immunoglo- 
bulin. Furthermore, J chain is synthesised within IgA and IgM 
mouse plasma cells‘. Therefore, it is important to determine 
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whether albumin is complexed to immunoglobulin as a step in 
intracellular biosynthesis or whether it is incorporated as a 
post-secretory event. We report here that IgG and IgA mouse 
plasmacytoma cells synthesise and secrete albumin complexed 
to immunoglobulin. 

The synthesis of mouse immunoglobulin and albumin was 
studied using the incorporation of “C-leucine into plasma- 
cytoma cells of the IgG (LPC-1), IgA (MOPC-315A, TEPC-15, 


HOPC-8) and IgM (MOPC-104E) class as described pre- 





Fraction no. 


Fig. 1 SDS-—polyacrylamide (5%) gel electrophoresis of 
reduced and alkylated radioactive, secreted mouse IgG (LPC-1). 
The LPC-1 cell suspension (15 x 108) was incubated in 3.0 ml 
of Eagle’s medium minus leucine containing 10 uCi of “C- 
leucine at 325 mCi mmol for 3 h at 37 °C. The cell suspension 
was chilled to 4 °C and made 0.06 M in iodoacetamide. After 
removal of the cells by centrifugation the supernatant was 
adjusted to contain 0.5% (w/v) Nonidet P-40 and dialysed 
against 0.5% Nonidet P-40 in PBS. The resultant secretion was 
precipitated in 0.06 M iodoacetamide by the addition above 
equivalence of a monospecific rabbit antiserum to mouse IgG 
adsorbed with mouse albumin. The precipitate was removed by 
centrifugation and the supernatant aliquoted into two fractions 
and further reacted with either rabbit anti-mouse IgG (200 pl) 
or rabbit anti-mouse albumin antiserum (200 ul) followed by the 
appropriate amount of mouse IgG (25 ug) or albumin (25 ug) 
to ensure complete precipitation. The precipitates were washed 
and dissolved in 2% sodium dodecyl sulphate (0.1 M iodoaceta- 
mide), 0.1 M sodium phosphate, pH 7.0, by heating at 100 °C 
for 2 min. Reduction was carried out with 0.5 M 2 ME by heating 
for 2 min at 100°C and alkylation accomplished with excess 
iodoacetamide. Samples were electrophoresed in 0.1% SDS. 
The gels were sliced into 1-mm sections, eluted-and counted and 
plotted with the top of the gel on the left-hand side of the 
figure. a, Reduced anti-IgG immune precipitate; 6, supernatant 
of a reacted with an excess of either anti-IgG ( -) or anti- 
albumin (- - - ) antiserum. Arrows indicate marker proteins run 
simultaneously on separate gels. y, Gamma heavy chains; 
L, light chains. 








viously’*®, All tumour lines were obtained from Litter. Bio- 
metrics and maintained by serial subcutaneous passage in 
BALB/c mice. Their identity was confirmed by direct immuno- 
fluorescence and by light microscopy. After detergent: lysis. 
with 0.5% Nonidet P-40 at 4 °C for 15 min, protein from 
lysates and secretions was extracted using monospe 










using a mouse albumin immunoadsorbent column.. The anti- 
albumin antiserum was adsorbed using a mouse IgG immuno- 
adsorbent column and shown not to precipitate radioiodinated 
mouse IgG double antibody precipitation. As a control for 
nonspecific precipitation, normal rabbit serum and an excess 
of goat anti-rabbit 7S globulin antiserum was added to an —_ 
aliquot of all preparations, The immune precipitates were then — 
analysed on sodium dodecyl sulphate (SDS) gels’. oe 

The results of SDS-acrylamide (5%) electrophoresis of 
secretions from LPC-1 plasmacytoma cells, collected: after 3h 
of incubation with “C-leucine, are shown in Figs land 2.0 | 
Immunoprecipitation of IgG from these secretions followed by = 
reduction yields two radioactive peaks, corresponding to y and 
L chains (Fig. 1a). Complete depletion of IgG from seeretions 
was shown by splitting the supernatant of the IgG precipitate 
into two fractions and testing aliquots, and reprecipitating with 





Fig.2 SDS~—polyacrylamide(5 °4) electrophoresis of “C-leucine- 
labelled LPC-1 cell secretions (3h) precipitated with rabbit 
anti-albumin antiserum. Incubation with radioactive leucine 
and preparation of immune precipitate for SDS electrophoresis 
was as described in Fig. 1. a, Reduced and alkylated anti- 
albumin precipitate before (~——) and after (- ~ -} adsorption 
of antiserum with mouse albumin; 4, supernatant.of the anti-. 
albumin precipitate in a (——~) further reacted with either: - 
anti-IgG (———) or anti albumin {---) antiserum and analysed: 
after reduction and alkylation.. Marker proteins are indicated: 
by arrows. 


c.p.m. x 107? 


c.p.m. x 107? 
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either an anti-IgG or anti-albumin antiserum (Fig. 16). Similar 
results were obtained using double antibody precipitation with 
goat anti-rabbit gamma globulin. When anti-albumin antiserum 
is used to precipitate LPC-1 secretions, two peaks of radio- 
activity are again seen after reduction, which correspond to y 
and L chains (Fig. 2a). This radioactive pattern is eliminated 
when the anti-albumin antiserum is adsorbed with the use of a 
mouse albumin immunoadsorbent column before precipitation 
of the secretion (Fig. 2a). A control of mouse serum added to 
secretions and precipitated with rabbit anti-mouse transferrin 
antiserum showed no precipitated radioactivity on SDS gels. 
Finally, the supernatant of the anti-albumin precipitate was 
totally depleted of radiolabelled albumin, while IgG y and 
L chains were still present (Fig. 25). 

To demonstrate that anti-albumin antiserum specifically 
precipitated IgG associated with albumin, the amount of 
IgG (c.p.m.) in secretions before and after this immuno- 
precipitation was determined. IgG radioactivity in the secretion 
was depleted by 30-50%, using an anti-lgG antiserum for 
quantification. These experiments suggest that the precipitation 
of IgG by anti-albumin antiserum was due to complex forma- 
tion between albumin and IgG, although no radioactive peak 
corresponding to albumin was seen on 5% SDS gels. 

Since albumin could be secreted unlabelled by the IgG 


Fig. 3 LPC-1 cell secretions externally labelled with 15I. 
Secretions were collected after 3 h of incubation as in Fig. 1 and 
then externally labelled™ with '*I and processed as given in 
legend to Fig. 1. Anti-IgG (a) and anti-albumin (6) antisera were 
used to react with secretions and the immune precipitates were 
electrophoresed, unreduced, on 5% SDS-—polyacrylamide gels. 
Marker proteins, indicated by arrows, were obtained by radio- 
iodinating isolated mouse IgG and albumin and precipitating 
these proteins in the presence of unlabelled secretions with 
monospecific antiserum. Alb, albumin. 
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Fig. 4 Radiolabelled albumin secreted from LPC-{ cells after 

5h of incubation with “C-leucine. Conditions of incubation 

and handling of immune precipitates were as in Fig. 1. Secretions 

were precipitated with anti-albumin antiserum and reduced 

and alkylated and electrophoresed on 10%, SDS-~-acrylamide 
gels with appropriate markers as in Fig. 1. 


plasma cells, LPC-1 cell secretions were externally labelled’! 
with 1] and after immunoprecipitation were analysed un- 
reduced on 5° SDS gels. The anti-IgG precipitate of a 3-h 
secretion had two radioactive peaks corresponding to albumin 
and IgG (Fig. 3a). Similarly, the anti-albumin precipitate 
showed two peaks with analogous molecular weights on SDS 
gels (Fig. 3b), although the proportion of albumin to IgG 
differed from that obtained with antiserum to IgG. No discern- 
ible peaks were obtained on SDS gels of radioiodinated control 
secretions precipitated with anti-transferrin antiserum or normal 
rabbit serum and goat anti-rabbit gamma globulin. Planimetry 
of the graphs showed that the IgG-albumin complex was 
composed of 1 mol albumin per mol IgG and approximately 
30% of the secreted IgG molecules were complexed to albumin. 
This accounts for the larger IgG peak seen with the IgG pre- 
cipitate compared to the albumin precipitate. These experiments 
demonstrate that albumin is non-covalently bound to IgG and 
does not dissociate in the detergent, Nonidet P-40, although 
there is dissociation in SDS. Results obtained with three 
different IgA plasmacytomas were analogous to the IgG 
plasmacytoma, that is, albumin was secreted non-covalently 
bound to IgA. Neither albumin synthesis or secretion was 
found in IgM plasma cells. 

To determine whether the albumin secreted from IgG and 
IgA plasma cells originated after biosynthesis or was adsorbed 
to the cell, lysates were examined after 3 h incubation with "C- 
leucine. In contrast to secretions, the cell lysates demonstrated a 
distinct radiolabelled peak for albumin, in addition to IgG, with 
anti-albumin antiserum. Since IgG and albumin were both 
radiolabelled in the complex present within the cell, it was pos- 
sible that longer incubation periods would show “C-leucine 
incorporated into secreted albumin. The experiment in Fig. 4 
depicts a 5-h LPC-1 secretion precipitated with antiserum to 
albumin and shows a third peak corresponding to albumin, in 
addition to y and L chains. Furthermore, gel filtration of 5-h 
secretions on Bioge! P200 equilibrated in 8 M urea demon- 
strated a component with a molecular weight of 68,000, anti- 
genically identical to albumin. Similar experiments in three 
different IgA plasmacytomas demonstrate biosynthesis of albu- 
min in these cells. 

The complexing of albumin to IgG deserves further comment. 
Since no additional IgG or albumin is found in the supernatant 
after IgG is precipitated from secretions, this suggests that all of 
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the secreted albumin is complexed to IgG. One speculation is 
that the transport of albumin across certain membranes requires 
immunoglobulin. Furthermore, the albumin found in the com- 
plex is secreted by seniority—the older albumin molecules are 
secreted before the more newly synthesised (labelled) ones. If 
these complexes are present in the cell membrane, it is possible 
that the appearance of the complex in the culture media repre- 
sents cell membrane turnover rather than direct secretion. The 
biological significance of the complexed albumin may be in the 
stabilisation of specific receptors on the cell membrane. 
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Solitary cells and enzyme 
exchange in tetraparental mice 


I REPORT here studies on tetraparental mice made with a 
greatly improved histochemical method for the enzyme £- 
glucuronidase. There were two unexpected findings: first, 
small clusters. and solitary cells were found in many mosaic 
tissues of the tetraparental mice, and second, there was 
evidence that enzyme exchange occurs normally among 
cells. 

Tetraparental mice are made by aggregating pairs of 
eight-cell embryos in vitro’’, and those I used were made 
from pairs of inbred strains whose tissues are known to 
differ in B-glucuronidase activity’. Thus the mosaic tissues 
of the tetraparental mice were composed of two inter- 
mingled populations of cells which could be distinguished 
microscopically in tissue sections stained histochemically 
for B-glucuronidase as originally demonstrated by Con- 
damine et al.*. 

Tetraparental mice (provided by Richard J. Mullen) were 


prepared from C57BL/6J or BALB/cWt (high glucuron- 


idase) and C3H/HeJ or AKR/J (low glucuronidase) em- 
bryos’. Postnatal tetraparental mice 4 d, 9d, 25 d, 10 months 
and 16 months old were used. Tissues from these mice and 
from homozygous controls were treated in parallel. Tissue 
specimens fixed in 4% formaldehyde were prepared for 
microscopy by a method involving several unusual steps, in- 
cluding incomplete dehydration, embedding in polyethylene 
glycol 400 distearate wax treated with NH,HCO, and water, 
and staining of sections in a solution containing gelatin as 
well as the usual substrates (details in Fig. 1). This procedure 
permitted staining and demonstration of mosaicism in a 
much wider range of cell types than is possible with the 
method of Condamine er al.*. In many cells the staining was 
observed throughout the cytoplasm as well as in the lyso- 
somes. This is in accord with findings that B-glucuronidase, 
which is a lysosomal enzyme, is also present outside the 
lysosomes’. 

In many tissues of tetraparental mice two populations of 
cells were readily distinguished by differences in staining 
intensity. The more intensely stained cells, which I shall 
call G cells, are assumed to be homozygous for Gus’, the 
wild-type allele for B-glucuronidase, and thus are assumed 
to arise from the C57BL/6 or BALB/c embryo. The more 
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lightly stained cells, termed g cells, are assumed to be 
homozygous for Gus", the allele resulting in lower glucuro- 
nidase activity’ and lower thermal stability" of the enzyme; 
these cells are assumed to arise from the C3H or AKR 
embryo. Those tissues in which cells were not readily 
separable into two groups on the basis of staining intensity 
will be discussed later in this report. 

The arrangement of G cells and g cells in a wide range of 
tissues revealed a thorough intermixture of both types, and 
a fairly widespread occurrence of small clusters of cells in 
many tissues (Figs 1-3). (I use ‘cluster’ to refer to a group of 
cells of one staining type surrounded by cells of the contrast- 
ing type.) There was striking variation in the ratio of the 
number of G cells to g cells as well as in size of clusters 
from animal to animal, from organ to organ within the 
same animal, and even from place to place within the same 
organ. Though large clusters were common, cells in small 
clusters (those containing fewer than 10 cells as viewed in 
a single section) made up between roughly 1% and more 





Fig. 1 Liver of 10-month-old tetraparental mouse showing 
mosaicism after staining for B-glucuronidase. About a dozen 
hepatocytes are intensely stained (G cells); the remaining 
hepatocytes—about 90% of all hepatocytes in this field—are 
lightly stained (g cells). (The much smaller, intensely stained 
cells are Kupffer cells.) Mice were fixed by intracardiac perfusion 
for 5 min with 4% formaldehyde (from paraformaldehyde) in a 
0.15 M sodium phosphate buffer, pH 7.4. The whole mouse was 
then placed in a water-ice slurry. After 2-3 h, the organs were re- 
moved in a cold room at 4 °C and immersed in the same fixative 
at 0 °C for a total fixation time of 6 h. Specimens were rinsed at 0- 
4°C for 2-5 d in several changes of 6% polyvinyl pyrrolidone 
(molecular weight 10,000) plus 10% sucrose (compare ref. 24), 
then dehydrated for 1-2 d at 0-4 °C in 98:2 acetone—water (sev- 
eral changes), and finally embedded in wax. Polyester wax ( = 
polyethylene glycol 400 distearate)*® at 40-50 °C was stirred for 
3 h with 5% by weight of solid NH,HCO, and filtered. Two 
millilitres of water at 80-90 °C were added with stirring to 
100 ml of melted wax at 40-50 °C. Tissue specimens were 
embedded in the treated wax after infiltration for 0.5-2 d at 37- 
40 °C (several changes). Sections cut at 5-20 um were mounted 
in a shallow pool of water on slides treated specially® with 
Mayer’s albumen. After sections had dried for~1 d, slides were 
dewaxed in acetone, then allowed to dry twice from 9:1 acetone- 
water (to promote section adhesion). Slides were stained at 37 °C 
in a solution of hexazotised pararosanilin, naphthol AS-BI 
glucuronide, and 5% gelatin (Eastman No. 1099); with gelatin 
periods of staining up to 5 h were possible before a change of 
staining solution was necessary. Apart from the gelatin, the 
composition of the solution was the same as that described by 
Hayashi et al.™. Because of the enormous range of glucuronidase 
concentrations, optimum staining time ranged from 20 min for 
some cell types (for example, tissue macrophages) to 25 h for 
others (for example, retinal neurones). The bar represents 50 pm. 
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Fig. 2 Thyroid of 16-month-old tetraparental mouse. There are 
about a dozen G cells and about a dozen g cells in each of the 
four main follicles, The bar represents 50 um. 


than 20% of the total cell population in many tissues. 
Small clusters were present in the following tissues of the 
16-month-old tetraparental mouse and also in the same 
tissues of at least one of the three young mice (4, 9, and 
25 d old): in the parenchyma of liver, pancreatic islets, exo- 
crine pancreas, mucous and serous part of salivary gland, 
thyroid, parathyroid, adrenal cortex, seminal vesicle and 
Harderian gland; in the surface epithelium of salivary ducts, 
non-glandular stomach (basal layer of epithelium), gland- 
ular stomach, pylorus, small intestine, trachea, epididymis, 
choroid plexus, and ependyma: and in some nerve cell 
groups in the central nervous system. 

The smallest ‘clusters’ consisted of single cells. The pro- 
portion of these cells ranged from a small fraction of a 
per cent up to a few per cent of the total cell population. 
Individual cells which seemed to be isolated in two 
dimensions when viewed in a single section were observed 
in most tissues listed above. The presence of truly solitary 
cells (those isolated in three dimensions) was verified by 
examination of serial sections of liver, salivary gland and 
duct, small intestine, thyroid, seminal vesicle, epididymis, 
Harderian gland and choroid plexus. Although small clusters 
and solitary cells have been noted previously*, this finding 
was unexpected: there have been several reports of much 
larger clusters in mosaic tissues—in the range of 10‘ to 10° 
or more cells per cluster’. This earlier work was based on 
methods of tissue analysis too crude for the detection of 
the small clusters which undoubtedly were present. 

The presence of a solitary cell in a mosaic tissue means 
either that a pair of sister cells have separated after the 
cell division which produced them or that one member of 
the pair has died. The solitary cells found in this study may 
have migrated away from their sister cells at any stage of 
foetal or postnatal life; my observations provide no evidence 
on when migration occurred. One can, however, infer that 
cell migration in the region of large clusters was very slow™ 
—no more than a few cell diameters of total migration by 
the average cell throughout postnatal life. 

In the tissues discussed above the G cells and g cells 
formed two distinct populations readily distinguished by 
their staining intensities. Unfortunately, as previously men- 
tioned, in some tissues many of the cells were of inter- 
mediate staining intensity and could not be assigned to 
either the G cell or g cell group. These included most of the 
lymphatic system, most connective tissues and many nerve 
cell groups in the central nervous system. 
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The differences in staining intensity between cells of 
tetraparental mice and cells of the same tissues in homo- 
zygous control mice showed some interesting regularities. 
The G cells of some tissues were stained less intensely in 
tetraparental mice than in the high-glucuronidase strains 
(C57BL/6 and BALB/c); this was observed in mucous and 
duct cells of salivary gland, stomach glandular epithelium, 
absorptive epithelium of small intestine, colon glandular 
epithelium, thyroid epithelium, adrenal cortical epithelium, 
renal tubular epithelium, Harderian gland epithelium, 
chondrocytes, smooth muscle cells, brown fat cells, some 
nerve cell bodies in the central nervous system, and 
Schwann cells (in trigeminal ganglion). Also the g cells of 
some tissues were stained more intensely in tetraparental 
mice than in the low-glucuronidase strains (C3H and AKR); 
this was observed in stomach glandular epithelium, absorp- 
tive epithelium of small intestine, colon glandular 
epithelium, adrenal cortical epithelium, renal tubular 
epithelium, epididymal epithelium, brown fat cells and 
choroid plexus. 

These observations can be explained most simply by 
postulating a partial exchange of enzyme between G cells 
and g cells in tetraparental mice. An alternative explanation 
is that both the G cells and g cells of tetraparental mice have 
been influenced by the presence of cells of the opposite type 
to alter their level of endogenous enzyme. The hypothesis 
of enzyme exchange is supported by the preliminary finding 
that some g cells of tetraparental mice contain both Gus? 
and Gus" enzyme". Evidence against the exchange of several 
non-lysosomal enzymes comes from the failure of attempts 
to detect hybrid molecules of these enzymes in a wide 
variety of tissues in tetraparental mice. Since hybrids could 
not be detected (except in skeletal muscle), the monomers 
of these enzymes apparently do not move from cell to cell 
(reviewed in ref. 17). 

Change of phenotype by transfer of a substance from cell 
to cell in a mosaic tissue is a well known phenomenon. In 
the first recognised instance (described by Sturtevant in 
1920; reviewed in ref. 18), the substance transferred between 
cells and found to be responsible for the observed effect 
proved to be kynurenine, a metabolite of low molecular 
weight. The findings reported here may be the first 
demonstration of exchange of an enzyme between cells in 
an intact animal. 

Intercellular exchange of enzymes, particularly of 


Fig. 3 Seminal vesicle of 16-month-old tetraparental mouse. 

There are two layers of secretory epithelium (simple, low 

columnar) separated by smooth muscle (almost unstained), One 

epithelial layer contains only g cells; the other layer, G cells and 
g cells, The bar represents 50 um. 
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lysosomal enzymes, may occur widely in tissues of ordinary 
animals. A similar suggestion has been made previously on 
other grounds”. Since many enzymes (including B- 
glucuronidase) are readily detectable in plasma and other 
extracellular fluids, these enzymes are available to be taken 
up by cells. Furthermore, the uptake of exogenous lysosomal 
enzymes administered experimentally is known to occur 
both in the intact animal? and in cell culture”; 
B-glucuronidase is among the enzymes for which this 
process has been demonstrated”:”. Moreover, the in- 
corporated enzyme has been shown in some instances to 
assume its normal function inside the cells that take it 
up”. These observations, together with the findings 
presented here, support the view that exchange of 
glucuronidase (and other enzymes) among cells actually 
occurs aS a normal function in a wide range of cell types. 

The idea of using B-glucuronidase as a cell marker in 
tetraparental mice for studies of embryonic development 
was suggested to me by Richard L. Sidman. 
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Hairbulb tyrosinase activity 
in oculocutaneous albinism 


Human oculocutaneous albinism (OCA), characterised by 
hypopigmentation of skin, hair and eyes, represents a hetero- 
geneous group of at least four distinct autosomal recessive 
disorders} *, Tyrosinase-negative OCA and tyrosinase-positive 
OCA are the two most common forms and can be separated 
by genetic and clinical features!. Tyrosinase-negative albinos 


have no obvious pigment in their skin, hair or eyes, and their 


plucked hairbulbs form no visible pigment after prolonged 
incubation in L-tyrosine or 1-3,4-dihydroxyphenylalanine 
(L-dopa). In contrast, tyrosinase-positive albinos have variable, 
albeit minimal, amounts of pigment in their skin, hair and 
eyes, and their plucked hairbulbs form large amounts of visible 
pigment after prolonged incubation in L-tyrosine or L-dopa. 
The two less common forms of OCA are Hermansky—Pudlak 
syndrome and yellow mutant OCA. The specific defect in each 
form of OCA is unknown, and analysis of the biochemical 
steps in the formation of melanin have been hindered by a 
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lack of methods suitable for human studies. In this report, we 
describe an assay for quantifying tyrosinase activity in single- 
human hairbulbs and give the results of the application of this. 
technique to human oculocutaneous albinos. 

Melanin formation occurs in the melanocytes, specialised 
cells found in the skin, hair follicle and eye*~®. Tyrosinase 
catalyses the hydroxylation of tyrosine to dopa and the | 
oxidation of dopa to dopaquinone®. Dopaquinone then 
undergoes non-enzymatic oxidation and polymerisation to 
form melanin. Our assay measures the tyrosine hydroxylase. 
activity of tyrosinase, determined by the rate of formation oi 
3HOH with the oxidation of 1-3,5-°H-tyrosine to L-3-"H 
dopa, as described by Pomerantz’. 

Anagen (growing) hairbulbs plucked from the scalp were. 
used as the source of enzyme. Hairbulbs contain a local 
concentration of melanocytes that remain in the bulb when a 
hair is plucked, and animal studies have shown hairbulb 
tyrosinase to be present only during the anagen phase of the 
hair cycle®}°, 

The activity of normal hairbulb tyrosinase was tested from 
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Hair colour 


Fig. 1 Mean tyrosine oxidised per 120 min for hairbulbs from 
normal individuals with different hair colours and from oculo- 
cutaneous albinos. For albinos: $, tyrosinase-negative and 
A, tyrosinase-positive. The overall mean is indicated by a line 
for blond, brown, black and red hair. Single anagen hairbulbs 
were identified visually, divided from the shaft at the shaft- 
sheath junction and incubated in tritiated tyrosine, dopa and 
Triton X-100. The incubation mixture used was determined to 
be optimum for single hairbulb tyrosinase quantification after 
many trials with different buffers, concentrations of substrate 
and cofactor and incubation volumes. The mixture consisted of 
L-3,5-8H-tyrosine, 0.2 nmol (1 Ci mmol~, L-dopa, 0.1 nmol; 
phosphate buffer, pH 6.8, 6 pmol and Triton X-100, 0.5%, in a 
total volume of 0.06 ml, and was carried out at 37°C in a 
shaking waterbath. Nonspecifically formed “HOH in the stored 
L-3,5-H-tyrosine was eliminated by evaporating the sample of 
tyrosine to dryness under a stream of nitrogen immediately 
before use. At 0, 60 and 120 min, a sample of the incubation 
mixture was placed on a Dowex-50W column equilibrated with 
0.1 M citrate. The 7HOH was recovered from the column by 
washing with 0.8 ml of 0.1 M citrate and counted. The wash 
removed all tritiated water from the column, with no further 
activity above background recovered with a second wash. A 
blank consisting of the incubation mixture with no added hair- 
bulbs was run with each assay. Values for the blank were sub- 
tracted from the hairbulb values before determining the amount 
of tyrosine oxidised. The reaction was linear throughout the 130- 
min incubation for normally pigmented and tyrosinasé-positive 
albino hairbulbs. Boiled hairbulbs had no activity. Usually six 
to eight hairbulbs were assayed per subject, with enzyme activity 
expressed in pmol as the mean tyrosine oxidised per 120 min. 
The activity in the blanks was equivalent to 0.201 40.132 
(mean +s.d.) for blond, 0.242 4-0.089 for brown, 0.312 -40.133 


eT EM IS OT EE A R E A T Baes, 


0.317+0.235 for albino hairbulbs. 
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forty-two subjects with brown, black, blond, red and grey 
hair (Fig. 1). All subjects were under the age of 35 except for the 
three with grey-white hair, and no male was balding. The 
overall mean for seven subjects with blond hair was 0.821 
pmol of tyrosine oxidised per 120 min with a range of 0.134- 
2.066 pmol per 120 min, Hair colour varied from light white- 
blond to bright golden blond, but there was no obvious 
association between degree of ‘blondness’ and enzyme activity. 
For thirteen subjects with different shades of medium brown 
hair a mean of 1.446 pmol of tyrosine was oxidised per 120 min 
with a range of 0.460—2.267 pmol per 120 min. On repeated 
testing, hairbulbs from two of the brown-haired subjects 


pmol of tyrosine per 120 min. Ten subjects with black hair 
oxidised a mean of 1.881 pmol of tyrosine per 120 min with a 
range of 0.512-3.162 pmol per 120 min. Two of these subjects 
were black, and three were Oriental, but there was no assoc- 
ation between enzyme activity and racial origin. Hairbulbs 
from nine subjects with red hair oxidised a mean of 3.596 
pmol of tyrosine per 120 min, with a range of 1.352-5.862 
pmol per 120 min. The variation was great between these 
subjects, but there was no obvious association between degree 
of ‘redness’ and enzyme activity. Grey—white hairbulbs from 
three subjects had little or no tyrosinase activity. 

Four tyrosinase-negative albinos lacked enzyme activity in 
their hairbulbs (Fig. 1). Five tyrosinase-positive albinos could 
be divided according to activity into two groups (Fig. 1). Three 
had high enzyme activity, oxidising a mean of 4.819, 4.325 
and 3.874 pmol of tyrosine per 120 min. These levels are 
egualled only by normal subjects with red hair. Beard anagen 
hairbulbs rather than scalp hairbulbs were used from one of 
the tyrosinase-positive albinos with high activity (4.325 pmol 
per 120 min) because of the inability to pluck adequate samples 
of scalp anagen hairbulbs. To verify the use of facial hair, beard 
hairbulbs from one of the black-haired and two of the brown- 
haired normal subjects were assayed and were found to have 
enzyme activity similar to or slightly reduced from the levels 
found in the same individuals’ scalp hairbulbs. Two of the 
tyrosinase-positive albinos had moderate enzyme activity, 
oxidising a mean of 1.937 and 1.738 pmol of tyrosine per 
120 min. These levels are similar to those for norma! subjects 
with brown and black hair. Clinically, the two with moderate 
activity differed from those with high activity in that their hair 
was less pigmented and their visual acuity more reduced. Skin 
colour was similar in both groups. One of the albinos with 
moderate activity was 7 months pregnant, but had noticed no 
changes in skin, hair or eye pigmentation during the pregnancy. 
Pregnancy affects the hair growth cycle with more hair follicles 
in anagen"™, but the influence on tyrosinase activity is unknown. 

The. hydroxylation of tyrosine catalysed by tyrosinase 
utilises dopa as cofactor, and proceeds very slowly in its 
absence*’’. To show that the hairbulb assay described here is 
dopa dependent, hairbulbs from a brown-haired subject and 
from a tyrosinase-positive albino were incubated in different 





Table 1 


Mean tyrosine oxidised per 120 min for different dopa 
concentrations in incubation mixture 





Dopa concentration Mean tyrosine oxidised per 


(mM) 120 min (pmol) 
Brown Albino 
0 0.000 000 
1.67 x 10-4 0.162 0.480 
L67 x 106% 1.620 4.325 
1.67 x 107? 1.883 3.327 
1.67 x 


107! 0.945 — 





The albino was a high activity tyrosine-positive albino. The 
incubation mixture contained 0, 0.01 nmol (1.67 x 1074 mM), 0.1 
nmol (1.67 « 1073 mM), 1.0 nmol (1.67 x107? mM) or 10 nmol 
(1.67 x 107? mM) of dopa in a total volumn of 0.06 ml. The rest 
of the assay was as described in the text. 
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Table 2 Mean tyrosine oxidised per 120 min for hairbulbs from a 
brown haired subject 





Mean tyrosine oxidised per 


Experiment 120 min (pmol) 
(A) Triton X-100 0.5 °% {regular assay) 1.620 
Triton X-[00 2.0% 1.520 
Triton X-100 5.0% 0.986 
No Triton 0.187 
(B) Preincubation in 0.5°% Triton 
Hairbulb removed at 
5 min 0.107 
10 min 0.721 
15 min 1.204 
30 min 1.489 


For experiment A, hairbulbs were incubated in L-3,5-*H-tyrosine, 
0.2 nmol; L-dopa, 0.1 nmol; phosphate buffer, pH 6.8, 6 umol and 
Triton X-100, 0-5 °% in a total volumn of 0.06 ml. For experiment B, 
hairbulbs were preincubated in 0.03 ml of 0.1 M phosphate buffer, 
pH 6.8, containing Triton X-100, 0.5%. After the hairbulbs were 
removed L-3,5-°H-tyrosine 0.2 nmol; and L-dopa, 0.1 nmol were 
added and the mixture assayed for tyrosinase activity. 


concentrations of dopa, as shown in Table 1. When no dopa 
was added to the incubation mixture there was no oxidation of 
tyrosine during the 120-min incubation. Dopa concentrations 
above and below the usual assay concentration gave reduced 
levels of activity. The assay was clearly dopa dependent. The 
inhibition at a high dopa concentration was consistent with 
the action of dopa as a competitive inhibitor of tyrosinase, as 
shown with mouse and hamster melanoma tyrosinase*:’. 

All the above results were obtained using an incubation 
mixture containing 0.5° Triton X-100. To test the effect of 
different detergent concentrations, hairbulbs from a brown- 
haired subject were assayed in incubation mixtures containing 
2°, 5°. and no Triton X-100, as shown in Table 2 (experiment 
A). When no detergent was present, there was little enzyme 
activity, Triton X-100 (5%) inhibited the activity, and activity 
with 2% was similar to the regular 0.5%. Triton activation 
of tyrosinase has been demonstrated, but the exact mechanism 
of activation is unclear'*, In the system described here the 
Triton seemed to release the enzyme from the melanocyte, 
making it available for assay. This was shown by preincubating 
brown hairbulbs in 0.5° Triton for 5, 10, 15 and 30 min, after 
which the hairbulb was removed and the preincubation 
mixture without hairbulb was assayed for tyrosinase activity 
by the standard method (Table 2, experiment B). If Triton 
solubilised the tyrosinase, then the enzyme should have been 
present in the preincubation solution after the hairbulb had 
been removed. Hairbulbs preincubated with Triton for 5 min 
released little enzyme, as shown by an activity of only 0.107 
pmol of tyrosine oxidised per 120 min for this preincubation 
mixture. Preincubation of hairbulbs for 10 and 15 min released 
progressively more enzyme and preincubation for 30 min 
released most of the available enzyme as shown by an activity 
of 1.489 pmol of tyrosine oxidised per 120 min for this pre- 
incubation mixture. Hairbulbs from this subject oxidised 
1.620 pmol, of tyrosine per 120 min tn the standard assay. 

Three conclusions can be drawn from this study. First, 
tyrosinase activity can be quantified in single anagen hairbulbs, 
and varies considerably among normal individuals with 
different hair colours and among normal individuals with the 
same hair colour. Although the trend was for more intensely 
pigmented hair (black and red) to have more hairbulb tyro- 
sinase activity, there was no obvious association between 
intensity of a specific hair colour and tyrosinase activity. 
Further studies on the biochemical control of normal hair 
pigmentation are under way. 

Second, tyrosinase-negative albino hairbulbs had no tyro- 
sinase activity by this assay. This is the first quantitative 
demonstration of absent tyrosinase activity in this form of 
human OCA and supports the terminology of tyrosinase- 
negative used by Witkop’. The absence of tyrosinase activity 
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is consistent with the suggestion that this form of OCA is 
analogous to the c locus (c/c) albino animal, for the c locus is 
thought to control the synthesis of tyrosinase, with c/c animals 
being deficient in this enzyme? ~", Recently, Hearing!” and 
Pomerantz and Li! have shown that albino mouse eye and 
skin preparations retain small amounts of tyrosinase activity, 
2-3% of that for pigmented eye and skin preparations. Our 
assay probably would not detect such residual activity in 
hairbulb preparations. There was definitely no stimulation of 
activity from tyrosinase-negative albino melanocytes, and 
there was no evidence for the presence of an inhibitor that 
could be dissociated from the enzyme by Triton. At present 
the evidence points to an absence of tyrosinase in tyrosinase- 
negative OCA. 


© -> Third, tyrosinase-positive hairbulbs from tyrosinase-positive 


albinos contain moderate to large amounts of tyrosinase that 
can be assayed readily with the system reported here. The 
defect in this form of OCA does not seem to be an absence of 
active enzyme, so other mechanisms must be considered. The 
structure of the tyrosinase-positive melanocyte or melanosome 
could be altered, but by electron microscopy these appear 
normal. Substrate availability or transport into the melano- 
cyte could be deficient. The tyrosinase could be structurally 
abnormal with altered kinetics making it active in non-physio- 
logical conditions in vitro but inactive in physiological con- 
ditions in vivo. Finally, the activity of tyrosinase could be 
blocked by an inhibitor, for these have been described for 
melanoma tyrosinase!’~**. If an inhibitor is present, the 
release of tyrosinase from the melanocyte by Triton may also 
facilitate dissociation of the inhibitor from the enzyme. 

There is insufficient information to show which of the above 
mechanisms is important in the production of tyrosinase- 
positive OCA. The fact that there seems to be genetic hetero- 
geneity with two types of tyrosinase-positive albinos suggests 
that more than one mechanism may be active. 
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NIH and the Minnesota Medical Foundation. 
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Evidence for inhibin-like 
activity in bovine follicular fluid 


THE negative feedback action of testicular steroids on circulating 
levels of luteinising hormone (LH) is well known. It is less clear 
how the testis influences follicle-stimulating hormone (FSH). 
The existence of ‘inhibin’, a water-soluble testicular product 
that inhibits the secretion of FSH, was first postulated in 
1932 (ref. 1); recently, inhibin activity has been detected in rete 
testis fluid®, testicular tissue*, spermatozoa’ and seminal — 
plasma®. Immunisation of rabbits with the inhibin fraction of | 
bull seminal plasma has produced an antiserum which raised _ 
plasma FSH levels when injected into male and female. rats". 
It has been suggested’? that, in the male, inhibin may be 
produced by the Sertoli cells of the testis. If this is the case, one 
wonders if inhibin could also be produced by granulosa cells  - 
of the ovary. We have, therefore, looked for the presence of a 
specific FSH-suppressing agent in ovarian follicular fluid. by 
comparing the effects of fluid and peripheral plasma on the 
levels of FSH and LH in newly castrated male rats. 

A pool of follicular fluid was collected by aspiration from 
bovine follicles at various stages of the cycle. The concentrations 
of testosterone and 17$-oestradiol in the follicular fluid, as 
measured by radioimmunoassay, were 23.5 and 73.1 ngm, 
respectively; these values agree with reported levels*. Bovine 
plasma, which has a similar protein composition to follicular 
fluid®, was obtained from a castrated bull and testosterone and 
178-oestradiol were added to give concentrations of 25 and 
75 ng ml~, respectively, ina low dose pool of plasma, and 
concentrations of 250 and 750 ng ml}, respectively, in a high 
dose pool. 

Five groups of adult male rats (body weight 300-400 g), 
6-12 animals per group, were castrated under ether anaesthesia. 
Approximately 1 ml of blood was collected from the cut sper- 
matic artery at the time of castration (sample 1). Four of the 
groups of animals were injected intraperitoneally immediately 
after castration with either 0.25 ml bovine plasma, the low or. 








Fig. 1 Effect of injection of bovine plasma (BP), BP containing 
a low dose (LD, follicular fluid concentration) or high dose 
(HD, ten times follicular fluid concentration) of 17$-oestradiol 
and testosterone, or bovine follicular fluid (FF) on plasma 
levels of FSH (a) and LH (4) in male rats 24 h after castration. 
All values are expressed as the percentage of precastration 
levels (means + $.e.m., figures indicate numbers of animals). 
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high dose of steroids in plasma, or follicular fluid; and the 
animals in the fifth group served as untreated controls. Eight 
hours after castration a second injection of 0.5m! of the 
appropriate fluid was administered subcutaneously. The animals 
were killed by decapitation 16h after the second injection 
and blood was collected from the trunk (sample 2). LH and 
FSH were measured in samples 1 and 2 by radioimmunoassay’”’. 
The results of these estimations, expressed as the ratio of the 
concentration in sample 2 to that in sample 1, x 100%, are 
shown in Fig. 1. | 

The untreated controls and the group treated with bovine 
plasma did not differ significantly; both showed a two- to three- 
fold increase in plasma LH and FSH levels after castration. 
Treatment with the low dose of testosterone and 17-oestradiol 
caused a significant decrease in plasma LH and FSH compared 
with bovine plasma-injected groups (P < 0.05 and P < 0.02, 
Student’s ¢ test); the high dose of steroids caused an even more 
marked suppression of both gonadotropins to precastration 
levels, Injection of follicular fluid caused a much greater 
suppression of plasma FSH than of plasma LH (P < 0.01); 
FSH being reduced to precastration levels, which were signi- 
ficantly lower (P < 0.05) than after treatment with the low dose 
of steroids. In contrast, plasma LH levels were comparable 
in the follicular fluid and low dose steroid groups. No signi- 
ficant (P > 0.05) differences in pituitary LH or FSH levels 
were detected between any of the five treatment groups. 

To establish the non-steroidal, high molecular weight 
character of the FSH-suppressing agent in the follicular fluid, 
a second experiment was carried out. Groups of 6-12 animals 
were injected with steroid-free follicular fluid after castration 
as described above. LH and FSH were measured in plasma 
samples collected at the time of castration and 24h later 
(Table 1). The effect on FSH levels of injected follicular fluid 
after ether extraction, charcoal treatment or ultrafiltration 
(molecular weight > 10,000) was not different from that of the 
untreated fluid. The suppression of the increase of LH in 
castrated rats after injection of untreated follicular fluid was 
abolished when steroids were removed from the fluid by these 
three treatments; remaining steroid concentrations were < 1% 
of the original concentrations in all preparations, 

These observations suggest that bovine follicular fluid 
contains inhibin-like activity, which specifically suppresses 
FSH and cannot be ascribed to steroids, present in the fluid. 
The active compound has a molecular weight of over 10,000. 





Table 1 Effect of injection of steroid-free bovine follicular fluid on 
plasma levels of LH and FSH in male rats 24 h after castration 


of 


Treatment* nt FSH LH 
None 12 215-445 302 4-72 
Follicular fluid (FF) 12 99 +-23t 160-+89t 
FF, ether extracted 6 104 +424 219+78 
FF, charcoal treated 6 99 4-247 294 — 64 
FF (molecular weight > 10,000) 6 90 -+- 30} 274 +189 
FF (16,000 > molecular weight 

> 1,000) 6 172 4-69 247 -4-127 


_ All results are given as the percentage of precastration levels 
in the same animals (means --s.d.). Actual levels of FSH and LH 
at the time of castration were 366+.90 (s.d.) ng ml> NIAMDD rat 
FSH RP-I (n = 48) and 55.6+22.9 (s.d.) ng ml“? NIAMDD rat 
LH RP-1 (n = 48), respectively. 

*FF, Ether extracted: follicular fluid extracted six times with 1.5 
volume of ether. FF, Charcoal treated: follicular fluid stirred with 
charcoal (1 mg ml~*) for 30 min at room temperature and sub- 
sequently centrifuged at 12,000g for 30 min. FF (molecular weight > 


10,000): follicular fluid diluted to 10 times its original volume with | 


distilled water and subsequently reduced to its original volume by 
ultrafiltration (Amicon Diaflo PM 10, cutoff point at molecular 
weight of 10,000). FF (10,000 > molecular weight > 1,000): the 
volume of the ultrafiltrate of first filtration was reduced to 0.9 times 


the original volume by ultrafiltration (Amicon Diaflo UM, cutoff 


point at molecular weight of 1,000). 

+Number of animals. 

vat e ae different from untreated controls (Student's t test, 
P < Q.05). 
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Other indirect evidence, based on the inhibition of follicular 
development in immature mice injected with bovine follicular 
fluid™, leads to a similar conclusion. Since it is unlikely that 
this substance could be produced by the one oocyte in the 
follicle'*, the granulosa cells are a more likely source. 

It would be attractive to suppose that inhibin might act at the 
pituitary level, altering the ratio of FSH and LH secreted in 
response to releasing hormone. This might explain the changing 
FSH-LH ratio associated with puberty in both the male and 
female! and would give a new dimension to our understanding 
of the gonadal feedback control of pituitary gonadotropin 
secretion. 

This study was supported by a fellowship of the Dutch 
Organization for the Advancement of Pure Science (ZWO). 
We thank Drs R. V. Short and H. J. van der Molen for help 
in the preparation of this manuscript. 
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Prostaglandin mediation of 
collagenase-induced bone resorption 


PATHOLOGICAL bone breakdown may be stimulated by some 
tissues proximal to bone and the release of collagenase by 
them may be one cause of this lysis. Inflamed gingivae, for 
example, have been shown to lyse collagen gels'’ and are 
associated with the loss of bone in periodontal disease. The 
ability of human mammary carcinomas to break down bone 
in vitro has been shown to be caused, in part, by pros- 
taglandin release by the tumours’ and, in part, by their 
release of an osteolytically active, non-dialysable material 
(unpublished results). The possibility that the latter might be 
collagenolytic in nature was suggested by reports that some 
neoplasms release collagenolytic activity in vitro’. This 
prompted our present study of the mechanism of bone 
breakdown by exogenous collagenase. The investigation has 
shown that prostaglandin synthesis by bone cells is probably 
a necessary mediatory step in collagenase-induced bone 
resorption. 

The addition of collagenase to tissue culture medium 
bathing “Ca-labelled neonatal mouse calvaria increases 
their release of “Ca (Table 1) and results in macroscopically 
obvious disruption of the calcified matrix, together with 
connective tissue lysis involving the fronto~parietal suture 
line and consequent physical separation of the two bones. 
An overall effect of this treatment is to cause the collapse 
of the bones on to the supporting grids. The addition of 
aspirin or indomethacin to the incubation medium contain- 
ing collagenase causes inhibition of the release of “Ca, and 


although lysis of the connective tissue along the suture line 
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Table 1 Effect of collagenase on bone lysis determined in an assay using **Ca-labelled 4-d-old mouse calvaria as described previously* 


Concentration of 


Experiment collagenase (U ml-") 


b 5 (Live bone) 
| 5 (Dead bone) 


c 15 
l 15 


maan eemnane: : ranirea sint e reiras krinn 








Ca release 


Inhibitor {(test-control ratio) 
— 2.34 -+-0,09 
—— 2.58 +0.03 
mm 3.31 +0.28 
Aspirin 10 ug mi 1.32 -4-00.04 
Indomethacin 1 pg ml ~ 1.46-0.17 
— 2.39 -+0.44 
sates 1.15+-0.10 
$C19220 25 ug mi~ 0.64 -+0.04 
= 2.72 -+0.39 
$C19220 25 ug m} ~ 00.73-40.09 





= Bones were cultured in Biggers medium containing 5% heat-inactivated rabbit serum (Wellcome Reagents). Collagenase was from Clostridium 
`: histolyticum (Sigma, type IID. Aspirin was added to the medium from a stock solution of pure acetylsalicylic acid in Biggers, and indomethacin 


-< was added from a stock solution in ethanol to give a final concentration of 0.01% ethanol. This concentration had no significant effect on 
` collagenase activity in these assays. The bones in experiment.’ were killed by immersion in distilled water for 24 h. SC19226 was provided by 


Searle Laboratories, Illinois. The results are the mean of four determinations ---s.d.m. 


of the frontal and parietal bones continues, no macro- 


scopically obvious breakdown of the calcified matrix occurs 
This treatment thus protects the bones from collapse other 
than at the suture line. No significant increase in “Ca 
release occurs if the bones are killed by immersion in dis- 
tilled water before incubation with the enzyme, suggesting 
that an active cellular response is required, but severe 
weakening of the suture line is effected. Similar results are 
obtained using trypsin in place of collagenase. 

Aspirin and indomethacin are inhibitors of prostaglandin 
synthesis? and some prostaglandins are known to stimulate 
resorption in live bone in vitro’. Although Brown and 
Pollock’ found that 1 mg indomethacin ml inhibited by 
50% the action of collagenase on collagen as measured 
enzymatically, we found no such inhibition at drug concen- 
trations below 100 ug ml (Table 2). Similarly, in the bone 
assay system neither aspirin nor indomethacin prevented the 
separation of the bone along the suture lines. Our results 
suggest therefore that collagenase-induced osteolysis may be 
mediated by prostaglandins, an observation that is given 
support by the finding that $C19220, an antagonist of 
prostaglandin action”, is able to inhibit the collagenase- 
induced release of “Ca (Table 1). Further evidence that 
prostaglandins probably mediate, in part or whole, the 
action of collagenase on bone is provided by results which 
show that increases in the prostaglandin E content of in- 
cubation media occur in a dose-dependent manner on 
addition of collagenase (Table 3). 

Raisz et al.** have presented essentially similar evidence 
for prostaglandin mediation of complement-dependent 
stiumulation of bone resorption. It seems likely that a similar 
. mechanism of resorption is shared by collagenase, trypsin 





Table 2 Effect of indomethacin and aspirin on collagenase activity 


2 Concentration of Enzyme 
=. collagenase (U ml~) Inhibitor activity 

0.5 — 0.35 

2.0 ~ 0.76 

5.0 - 1.00 

5.0 Aspirin Sug m} ~! 1.03 

5.0 a ele 50 ug mim 0.98 

5.0 Indomethacin 1 pg mi-* 0.93 

3.0 Indomethacin 100 pg ml 0.97 





Enzyme activity is expressed as a ratio of the 5 U collagenase 
mi~! value. Acid-soluble collagen was prepared as described pre- 
viously**, The method of acetylation and of collagenase assay fol- 
lowed that of Ginslow and McBride™. The reaction mixture for the 
assay contained 2 mg “C-labelled collagen in a 1-ml volume, and the 
incubation time was 2 h at 37°C. Aspirin was added from a stock 
solution of pure acetylsalicyclic acid in buffer. Indomethacin was 
added as a stock solution in ethanol and its effects were compared to 
5.0 U ml? collagenase containing the same amount of ethanol. 





and complement-sufficient heterologous serum, although — 
stimulation of prostaglandin synthesis by the latter agent 
may depend on a different process. Inhibition of parathyroid 
hormone-stimulated bone resorption by aspirin” is not of 
the same order as that found on bone resorption stimulated 





Table 3 Effect of collagenase on prostaglandin release by bone in vitro 


Peeraer bape inborn pr anaa aa. 


Prostaglandin released per bone 


Experiment (ng PGE, Eq) 
Control < 03 
Collagenase 15 U ml-* 25.6420,0 
Collagenase 5 U mi~? 8.645 
Collagenase 15 U mi 

+ indomethacin I pg ml ~ < 0.3 
Collagenase 15 U mf 
+ indomethacin 100 ng mi~! < 03 





Unlabelied bones were used and the Biggers medium was supple- 
mented with 0.5% bovine plamsa albumin (twice crystallised, Armour 
Pharmaceuticals) instead of rabbit serum to avoid complications 
with prostaglandins present in the serum. Indomethacin was added 
in ethanol to give a final concentration of 0.01 °; the same amount 
of ethanol was added to all other cultures. For radioimmunoassay, 
a neutral lipid extract was followed by ethyl acetate at pH 4.7 (citric 
acid). The residue on evaporation of this was assayed using an 
antiserum (gift from May and Baker) raised against prostaglandin Es 
(PGE,). Cross reaction was found to be 66% for PGE, but to be 
<2% for PGs Fig, Fag, Bz, A, and As. The results are the mean of 

three determinations + sdm. 


by these agents. Indomethacin has been reported to have 
no significant inhibitory action on the stimulation by para- 
thyroid hormone”, We have also found (unpublished 
results) that aspirin and indomethacin do not significantly 
inhibit bone resorption stimulated by vitamin A or 1,25- 
dihydroxycholecalciferol (provided by Professor IL Mac- 
Intyre). It is probable that the resorption achieved by these 
agents is not as dependent on prostaglandin synthesis for 
its perpetuation. Since collagenase is found to be released 
by bone during parathyroid hormone-stimulated resorp- 
tion”, however, prostaglandins may have some secondary 
function in physiologically normal osteolysis. 

The digestion of bone matrix collagen by exogenous col- 
lagenase forms only one step in the highly coordinated 
process of bone resorption. To complete matrix breakdown, 
it is likely that other enzymes derived from the bone cells 
must act with collagenase extracellularly and that the result. 
ing fragments must be endocytosed to undergo further 
breakdown. This is the same pattern of resorption as was 
suggested as taking place on parathyroid hormone or pros- 
taglandin stimulation”, neither of which is markedly 
affected by indomethacin. It therefore seems probable that 
the essential difference between the mechanisms of resorp- 
tion of collagenase and parathyroid hormone, for example, 
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is in the manner in which stimulation is achieved. It seems 
reasonable to assume that it is the initial digestion of col- 
lagen which causes the bone cell response to exogenous 
collagenase. The collagen fragments may cause a bone cell 
memrane reactions which leads to prostaglandin synthesis, 
and the resulting increased prostaglandin levels may cause 
normal bone resorption to ensue. Similar membrane effects 
have been suggested as being involved in complement- 
sufficient serum-induced bone resorption”. 
Both prostaglandins and collagenase have been suggested 
as being responsible for the bone resorption associated with 
some tumours’”*'*** inflamed gingival tissues” and dental 
cysts’’, and rheumatoid synovial tissue*’’*. The work impli- 
cating prostaglandin release from these tissues indicates that 
indomethacin may be a suitable agent for inhibition of the 
resorption. Our results suggest that, although the lytic effect 
of these tissues might be partially dependent on their release 
of collagenase, indomethacin may still be equally effective 
in preventing bone destruction. 
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Simple model for treating 
evolution of multigene families 


Tue mechanism by which coincidental or horizontal evolution 
occurs in the multigene families (such as ribosomal RNA genes) 
represents one of the most challenging problems of molecular 
evolution!2, Smith? and Black and Gibson’ put forward an 
elegant model of coincidental evolution, assuming homologous 


Nature Vol. 263 September 2 1976 


but unequal crossing over. They have shown, using computer 
simulations, that repeated unequal crossing over results in the 
gradual loss of gene lineages, and that eventually the whole 
family becomes fixed by a single gene lineage. Here the popu- 
lation dynamics of gene lineages within a multigene family is 
analogous to the population dynamics of mutant genes within 
a finite Mendelian population. In this communication I show 
that a quantitative theory of unequal crossover fixation can be 
developed based on the mathematical theory of population 
genetics®*, treating the behaviour of mutant alleles in finite 
populations. 

Following Smith? and Black and Gibson’, I consider intra- 
chromosomal crossing over and concentrate on a single chro- 
mosomal lineage. Let us assume that there are n gene units 
within a family and that, initially, each unit is represented by a 
different gene lineage, so that there are n gene lineages at the 
start. To simplify the treatment, we assume that the mismatch 
between the two daughter chromosomes at the time of crossing 
over amounts to a shift of exactly one unit, so that one gene 
unit is either added or deleted through one unequal crossing 
over. We further assume that crossing over occurs at random 
along the n sites and the duplication and the deletion occur 
alternately, so that the total number of gene units is kept 
equal to the initial number, n. This corresponds to the action of 
natural selection holding the size of the gene family approxi- 
mately constant. This model is illustrated in Fig. 1. Let us 
designate two consecutive crossovers (involving duplication and 
deletion) as one cycle of the process. 

Now the problem is to analyse how gene lineages become 
fixed in the family or lost from it by continued unequal cross- 
overs. This problem is quite similar to that of fixation or loss 
of mutant alleles in finite populations; the unequal crossover 
corresponds to sampling of genes at reproduction. Therefore, 
we can treat the frequency change of gene lineages in a multigene 
family as we treat the gene frequency change in standard 
population genetics, and in particular we can apply the diffusion 
model developed by Kimura’. 

The frequency of a particular lineage in the family after a 
certain number of cycles of unequal crossovers is denoted by x. 
Note that, at the start, x = 1/7, because each lineage is singly 
represented in the family at the start. To apply the diffusion 
equation method in population genetics to our problem, we 
need to evaluate the mean (Max) and the variance (V,,) of the 
frequency change per unit time (that is per cycle of unequal 
crossovers in this case). These quantities can be computed 
using Table 1, From the last two columns of Table 1, we can 
obtain Mas and Va,. 


| | | 
Max = -X(l—x)— -x(1—x) = 0 (1) 
n n 
1 ee 2 
Vax = ~x x) + ES j—x) = =x — x) 
n n” nè 


Table | was constructed from the consideration that duplication 
or deletion by unequal crossover occurs at random on the 
chromosome, so that the probability that a particular lineage 
increases its size by one unit by duplication, or decreases its size 
by one unit by deletion, is in each case equal to frequency. 
Once the mean and the variance of the frequency change per 
cycle are obtained, it is possible to apply Kimura’s theory of 
gene frequency change. Note that the zero mean change 
(Max = 0) in formula (1) implies that the population dynamics 
for selectively neutral mutants can be applied. In other words, 
my model is a diffusion process with a zero mean change and a 
non-zero variance as given in formula (1) and each gene lineage 


<4 














ture Vol. 263 September 2 1976 
23° °° n (unit) 
1 unequal crossover 
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ee n-l, n, n+l (deletion) 
i, 2, 3B °° ¢ n (unit) 
1 2, » 0 + n-l. r 


Fig. 1 Diagram illustrating the model. 


.erossover fixation time of one of the z lineages is equivalent to 


the time until fixation of a mutant allele excluding the cases of 
-<x loss in population genetics. Kimura and Ohta® have obtained 
-. the mean fixation time of a selectively neutral mutant in terms 


of the number of generations (excluding loss). Therefore by 
analogy, or by replacing N.e with 27/4 in Kimura and Ohta 
formula, we get the mean of the crossover fixation time in 
terms of the number of cycles in the following form 


jie sfr E E (2) 


where p is the initial frequency of the gene lineage and equal 
to 1/n. When n is large or p is small, this formula becomes 
approximate 


ti(p) ~ n? (3) 


Kimura and Ohta also obtained the variance of the time 
until fixation of the neutral mutant in finite populations®. Again, 
by replacing Ne with n?/4 in their formula, we get 

var(t,) œ~ 0.286n' (4) 

TI have checked the above results by computer simulation 

and. the agreements between the predicted and the observed 


.. values are generally satisfactory, both for the mean and the 


variance of crossover fixation time. 

- Pursuing the analogy with population genetics, it may be 
convenient to define a quantity similar to homozygosity. In 
fact, Smith? used the quantity called the clonality in his simula- 
tion studies, which is equal to the sum of squares of frequencies 
of gene lineages, and which is equivalent to the homozygosity; 


C = Ex; (5) 
i 
where the subscript / indicates the ith gene lineage. The expected 


change of clonality per one cycle of unequal crossovers can be 
calculated again analogously with that of homozygosity in 


finite populations. 


+ Ax,)?— Ex’) = F(X (Ax,)*} 
i ł 


= (1 — A (6) 


where E stands for taking the expectation. This formula can 
be derived by using the formula for VA, in (1) taking all 
lineages (that is, all 7) of the family into account. Again, n?/2 
corresponds to 2N. for the change of homozygosity in finite 
populations, 

The present model may be an oversimplification of the 
actual process of crossover fixation; in particular it assumes 


‘the complete fixation time’, 


that the duplication and the deletion occurs by one unit 
Smith? has considered the cases where the duplication and 
deletion are allowed to vary by more than one unit and his 
simulation results suggest that this latitude accelerates the 
diffusion process. Although the exact theoretical treatment of — 
such cases is difficult, very rough estimation can be done as 
follows. If the mean number of gene units duplicated or 
deleted by one unequal crossover is m, then one crossover 
should correspond to m/2 cycles of my model, provided that 
the arrangement of gene lineages i is more or less random along 
the chromosome. By comparing Smith’s results (Fig. 3 in 
ref. 3) with this estimation, it can be predicted that the random 
arrangement of gene lineages may be obtained when m œ n/10 _ 
or when the allowed latitude (which is approximately equal 
to m) is roughly io of the total number of gene units, This 





Table 1 Calculations for derivation of equation (i) 


Se el 





Deletion Total 
phase phase (lL evele) 
Cume P Probability “ong P Probability o Probability- 
of x 


Duplication 





|: "E. x 0 x 
n 
i 
0 iy $ - E 
I | i l 
a x a xii x) 
6 | —x 
0 i-x 0 {]~x}* 





irine ptei 


follows because the observed crossover fixation time in this =<- ć = 
case (œ 2,000) corresponds to that predicted by the present. 
model, that is 2/10 x 10,000. It should be noted here that Smith 
stopped his simulations at the clonality of 0.9 or when the 
frequency of a lineage reached about 0.95. The time required 
to reach this frequency is slightly smaller but not much less than — 














I shall compare Smith’s results with my predicdch in more 
detail. He obtained the crossover fixation time of very roughly 
8,000 for the case of latitude (m) = 1 and roughly 2,000 for 
m = 5 ~25. The predicted values by my model become for 
these cases: 20,000, 4,000, 2,000 and 800 crossovers corres = 
ponding to the four values of m (1, 5, 10 and 25). This would 
seem to imply that, for cases when m < n/i0, the gene lineages- 
are more clustered than random arrangement and hence 
actual crossover fixation time is smaller than the predicted 
values. This is because the variance of the frequency change 
(Vax) gets larger by the correlated changes in such circum- 
stances. If m is larger (n > n/10), the gene lineages become 
more dispersed than random arrangement and the theory gives - 
an underestimation. | 

The analyses in this communication are not complete, but 
they at least provide a theoretical basis for further analysis in 
quantitative terms of the mechanism of coincidental evolution 
of multigene families. 

I thank Dr Motoo Kimura for discussions and suggestions. 
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Do increases in enzyme activities 
during muscle differentiation 
reflect expression of new genes? 


TRANSITIONS from embryonic isoenzymic forms to mature 
adult forms are known to occur during in vitro myogenesis 
for creatine phosphokinase’ (CPK) and other muscle 
enzymes’. More recently, similar transitions have been 
shown to occur for myosin’*, and actin’®. Both CPK 
activity" and amino acid incorporation into myosin®™" in- 
crease during the early stages of differentiation in vitro 
when cells fuse to form multinucleate myotubes, and it is 
tempting to assume that these increases require the produc- 
tion of adult form mRNA after activation of a “battery” 
of genes for myogenesis’. Yaffe and Dym'' have proposed a 
model of myogenesis in which mRNAs for characteristic 
muscle proteins are synthesised before cell fusion and stored 
in a “masked” form until activated by the fusion process, 
thus giving rise to simultaneous increases in muscle-specific 
protein synthesis and cell fusion. We describe here experi- 
ments which show large increases in CPK activity at the 


Fig. 1 CPK isoenzyme patterns of extracts from 74h (@) and 
96h (©) muscle cell cultures. A sample (50 pl) of extract was 
subjected to electrophoresis at 4°C on 10% polyacrylamide 
gels with 5% cross linkage!* for 3h at 3mA per tube. Slices 
(1 mm) of the frozen gels were placed in standard assay mixture 
and assayed for CPK activity as described previously’. CPK 
specific activity is expressed as international units (1 TU converts 
1 pmol of creatine phosphate to creatine per min of incubation 
at 37°C) per mg soluble protein in the original extract. 


CPK specific activity IU per mg protein) 


Slice no. 





Nature Vol. 263 September 2 1976 


time of early cell fusion which cannot result from activa- 
tion of “masked” muscle-specific mRNAs and which do not 
require adult form mRNAs at all. Using a new technique 
which allows measurement of low levels of CPK isoenzymes, 
we have shown that the early increase in CPK activity 
during the first 2 d of culture is of the embryonic, or brain, 
form, and only later does the adult muscle form make a 
major contribution to the total increase in enzyme activity. 

Embryonic chick skeletal muscle cells were prepared and 
grown as described previously’. Freeze-thawed cell pellets 
were extracted with 10% sucrose and samples from the cen- 
trifuged extract were assayed for CPK activity and protein 
as described previously’ to determine specific activity. 
Isoenzymes were separated by discontinuous polyacrylamide 
gel electrophoresis and the total specific activity was dis- 
tributed among the three forms according to the ratios of 
the peaks of activity obtained after slicing the gel. Appro- 
priate control experiments show that recovery of activity 
from the gel slices is independent of enzyme concentration 
and is the same for muscle and brain forms. 


> D 
nN OO 


s 
F> 
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Fusion ©) 
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CPK specific activity QU per mg protein) 
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Fig. 2 Specific activities of the three isoenzymes of CPK (BB, W; 
MB, ©; and MM, @) during the first 2 d of culture. Cell fusion 
(|, broken line) was determined as previously described®. 
Each point represents a determination from a single gel and the 
combined data of four separate cell preparations are shown. 


Creatine phosphokinase is a dimer of brain-type (B) or 
muscle-type (M) subunits and skeletal muscle differentia- 
tion is accompanied by a transition from BB isoenzyme, 
through the intermediate MB form, to the mature MM 
form. Figure 1 illustrates the resolution of the three forms 
on polyacrylamide gels and the continuing transition be- 
tween 72h and 96h of culture. These results are consistent 
with those obtained by qualitative staining methods in- 
volving fluorescence’ or colour’ changes associated with 
enzyme-coupled reactions. Until now, however, no method 
has been sufficiently sensitive to study isoenzyme changes 
during earlier stages of culture when increases in cell fusion 
and enzyme specific activity are just beginning, 

Between 17h and 42h of culture, fusion increases from 
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1 to 20% (Fig. 2) and total CPK specific activity increases 
sixfold. As Fig. 2 shows, this increase is due almost entirely 
to the BB embryonic form of the enzyme, the mature and 
intermediate forms showing little change. Whether the 
simultaneous increase in cell fusion and BB-CPK activity 
is anything other than coincidental remains to be deter- 
mined. Although we, and many others, have shown that 
apparently normal increases in CPK activity can occur at 
later stages in the absence of cell fusion”, this has not yet 
been established for the early increase described here. 
Earlier’, we described a transient increase in CPK activity 


occurring at the time of the initial increase in percentage 
fusion. and before the much larger increases in enzyme 
activity which occurred later. It is possible that that tran- 


ient increase is related to the increase in the BB form 


a ` described here, although direct comparison is not possible 


“since we now use cells prepared differently which fuse and 


develop much earlier. In this respect, it is interesting that 
muscle-forming cultures of mouse teratocarcinoma cells 
show an increase in CPK at the time of myotube formation, 
followed by decrease, but without any isoenzyme transition 
from the BB form". 

The assumption that muscle-specific forms are also in- 
volved underlies experiments in which CPK activity and 
myosin synthesis were “‘superinduced”’ by actinomycin D 
during and shortly before cell fusion. These experiments 
have been. used to support the model involving prefusion 
synthesis of “masked” mRNAs for protein characteristic 
of the differentiated state’. We have been able to obtain 
stimulations of 30-50% of total CPK specific activity (and 
of total activity per culture) by exposing either 22-h or 42-h 
cultures to actinomycin D (Sigma, Iugml”") for 4h. 
Although an increase of this size specific for the MM or 
“MB forms would be readily detected by our electrophoretic 
method at these stages, we have found no significant change 
in the isoenzyme pattern, suggesting that the stimulation is 
either nonspecific or involves only the BB form. It is fair 
to say, however, that Yaffe and Dym” used rat cells, rather 
than chick, in rather different culture conditions and 
obtained larger stimulations by actinomycin D, but, at the 
very least, our results argue forcibly for the need to demon- 
strate the isoenzyme transition before conclusions in terms 
of stored mRNAs for muscle-specific molecules can be 
made. 

.. In general, we would advise caution in interpreting data 
on. increases in enzyme activities or synthesis during dif- 
ferentiation in terms of new gene expression until they are 
Shown to be due to the authentic mature form of the 
protein. In view of reports of isoenzyme-like transitions in 
myosin heavy chains’*, these considerations are also 


applicable to the interpretation of early increases in myosin 
-© synthesis during differentiation’’*', and may influence con- 


clusions drawn from studies of myosin mRNA during 
= myogenesis, since the myosin MRNA synthesis observed in 





%15 may be of the form that is not muscle 


early cultures 
specific. 
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Inhibitory effect of a-(1—6)-heterogalactan 
on oocyte maturation of 
starfish induced by 1-methyladenine 


Tue surface of the starfish oocyte is thought to carry receptors 
for 1i-methyladenine (1-MA)}'?, which induces maturation 
division by some mechanism which is at present little under- 
stood. Using a-(1->6)-heterogalactan (HGaln) and a-(] -+6)- 
galacto-oligosaccharides, which strongly inhibit the induction 
of maturation division by 1-MA, we have now obtained evidence 
that the receptor for HGaln is on the cell surface. We found that 
in the presence of HGaln, 1-MA did not activate the cell 
surface. 

HGaln is extracted from the fruiting bodies of Lentinus 
edodes and has a main chain of (1—6)-linked o-p-galacto- 
pyranose residues, parts of which are substituted in the 2- 
position with either single L-fucopyranose or b-mannopyranose 
residues*. HGaln gives one peak only on ultracentrifugation 
(S = 1.55), zone electrophoresis and gel filtration. 


a 
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Oocyte maturation (%,) 


i AD 50 100 500 1,000 
Final concentration of 1-MA (5.2 x 107° mM} 
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Fig. 1 Dose-response curves of the starfish oocytes to 1-MA in 
the presence of a-(1->6)-HGain(FC, 0.83°%) (@), or {1—6} 
galactotetraose(FC, 0.83%) (a), or in the absence of any 
sugars (©). W. Dose-response of the washed oocytes by HASW: 
after incubation with 0.83% a-(1-6)-HGaln for 30 min at 
0-4 °C. Note the inhibitory effect of a-(1->6)}-HGaln and 
a-(1->6)-galactotetraose on the oocyte maturation. At the star 
192 x (5.2 x108 mM) of 1-MA was mixed with 5% a-{1-6) 
HGaln at the same volume for about 1h at 0-4 °C, and 10 pl of 
the mixture was added to 20 n re starfish oocyte suspension 
in 


Specimens of the starfish Asterina pectinifera were collected 
from Muro Beach, Japan, and kept in an aquarium at 0-4 °C. 
Ovaries were removed with forceps in calcium-free Hervst’s 
artificial seawater (HASW), and oocytes were prepared as 
before?. After incubation for 1h in HASW at 0-4 °C, super- 
natant was decanted, and the oocytes were resuspended in 
HASW. This washing procedure was repeated to remove follicle 
cells. Although oocytes stores 4°C in HASW maintained 
their sensitivity to 1-MA at th ne level for several days, it 
was necessary to test this. sensitivity before each exp eriment in 
order to obtain quantitative results. Serial experiments were 
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Fig. 2 Chromatography of the mixture of a-(1—6)-galacto- 
tetraose and 1-MA on Sephadex G-25. The column (2.64 x 85 cm) 
was washed with 500 ml of redistilled water and re-equilibrated 
with | | of 2/3 HASW. The applied sample contained 0.4 ml of 5% 
a-(1-+6)-galactotetraose aqueous solution, 0.4 ml of 1 mM 1-MA 

ueous solution and 0.8 ml of HASW. Elution was carried out 
with 2/3 HASW. Fractions (5 ml) were collected at a flow rate 
of 10mlh~?. O, Ageo; @, carbohydrate measured by the phenol- 

sulphuric acid method at 490 nm. 


performed with the oocytes of one animal. To detect the 
response of the starfish oocytes to 1-MA, 10 ul of 1-MA 
dissolved in redistilled water was added from a microcapillary 
pipette into 20 ul of oocyte suspension dispersed in HASW on 





Table 1 Effect of the polysaccharides or monosaccharides that 
constitute a-(1—6)-HGaln, or oligosaccharides from the partial 
hydrolysate, on oocyte maturation induced by 1-MA in Asterina 





pectinifera 
Oocyte maturation (%) 
Test samples mean +-s.e. 
(A) 
a-(1-+6)-Mannan 100 +0 
Glycogen from rabbit liver 97.0+1.3 
F T 40(MW, 40,000) 98.0+-1.8 
p-Galactose 100 +0 
p-Mannose 95.8+3.4 
L-Fucose 95.7+2.3 
(C) 
a-(|-—>-6)-Heterogalactan 0+0 
a-(1 -+6)-Galactobiose 3.4+1.6 
a-(1 -+6)-Galactotriose 1.9+1.6 
a-(1-+6)-Galactotetraose 0+0 
(D) 
1 4 
Maltose G—-+G 100 +0 
a 
: ei 4 
Maltotriose G--—+G—+G 98.9+0.9 
o a 
141414 
Maltotetraose G—+G——-+G-—-+G 100 +0 
a a a 
1 6 
Isomaltose G——>+G 100 +0 
a 
E 1 6 
Isomaltotriose G— +G—->+G 100 +0 
a a 


= 





In each experiment, the minimum concentration of 1-MA for 
inducing 100% oocyte maturation was added. This was the most 
suitable concentration for detecting the inhibitory effect. Concentration 
of test samples was 0.83 °%. 

a-(1--6)-Mannan was provided by Dr T. Nakajima, Tohoku 
University. 

G, Glucose; MW, molecular weight. 


Nature Vol. 263 September 2 1976 


hole glasses (well size, 22 2mm). The mixture was agitated 
thoroughly with a fine needle. Whole oocytes and those with 
broken germinal vesicles (OBGV) that had been induced 
spontaneously were counted under the microscope within 
10 min. Breakdown of germinal vesicles began after 15 min of 
incubation and ended within 30 min of addition of 1-MA, 
independent of concentration. Therefore the hole glasses were 
covered with glass plates and after 30-40 min total OBGV was 
recorded. Each experiment was carried out three times and the 
percentage of oocyte maturation was calculated as OBGV 
induced when 1-MA was added to total oocytes. To test the 
inhibitory effect, 10 ul of the test solution dissolved in redistilled 
water was added to 40 ul of oocyte suspension in HASW and 
agitated. A sample of 10 ul of 1-MA solution in redistilled 
water was then added within 10 min. 

As Fig. 1 shows, these oocytes underwent 100°% maturation 
when 1-MA was added in a final concentration (FC) of more 
than 8x (5.2x 10-*mM). On the other hand, maturation was 
completely inhibited by 0.83% (FC) heterogalactan in the 
presence of the same concentration of 1-MA (FC, 8x (5.2 x 
10~* mM)). FC of 1,500 x (5.2 x 10 mM) 1-MA was needed to 
induce 100% maturation in the presence of 0.83% a-(1 — 6)- 
HGaln. 

The question is whether the inhibitory effect of HGaln was 
due to D-galactose, or D-mannose. It was also necessary to 
exclude nonspecific absorption of polysaccharides on the cell 
surface. We therefore tested for inhibition by other poly- 
saccharides in experiments summarised in Table 1. 

No inhibitory effect was detected with a-(l --6)-mannan 
isolated from the mutant Saccharomyces cerevisiae X2180 
(ref. 5), Dextran T 40 (molecular weight 40,000, Pharmacia), or 
glycogen from rabbit liver (Sigma). This excludes nonspecific 
inhibition by polysaccharides of the induction of oocyte 
maturation by 1-MA. D-galactose, t-fucose and D-mannose 


Fig. 3 Electron micrographs of the oocytes of Asterina pec- 

tinifera, a, Normal cell surface of the oocytes, The surface is 

covered with the continuous vitelline envelope (VE). CG, Cortical 

granule ( x 22,050). b, Surface of the trypsinised oocyte. The 

vitelline envelope is almost removed by trypsinisation for 4 h at 

24°C with 1% trypsin solution (Difco, 1:250) dissolved in 
HASW ( x 22,050). 











Nature Vol. 263 September 2 1976 


were also ineffective at the same concentration. a-(1-—>6)- 
Galactobiose, o-(1->6)-galactotriose and a-(1 ~6)-galacto- 
tetraose, obtained from the partial hydrolysate of a-(1 -»6)- 
HGaln®, were inhibitory (Table 1). The minimum concentration 
of 1-MA that induced 100°% maturation was 30x (5.2 
10-*mM) in the presence of 0.83°%(FC) a-(1 ~6)-galacto- 
tetraose (Fig. 1). No gluco-oligosaccharides had any inhibitory 
effect, even if the binding form was a-(1->6)-linked types as the 
galactosides, Thus the inhibition was due to phenomena 
specific to a-(16)-galactan or a-(1->6)-galacto-oligosaccha- 
rides. > 





-to 1-MA in the extracellular space, or in the cytoplasm after 


penetrating the membrane, or on the cell surface. The first 
< -possibility was excluded because when 192 x (5.2 x 10~* mM) 
i AMA was mixed with an equal volume of 5% a-(1->6)-HGaln 


for about 1 h at 0-4 °C, and 10 ul of this mixture was added 
to 20 pl of starfish oocyte suspension in HASW, the extent of 
inhibition was 64.4°% compared with 100% with the same 
concentration of 1-MA (FC, 32 x (5.2 x 10-* mM)) and a-(1 > 6)- 
HGaln (FC, 0.83°) after preincubation of oocytes with 
a-(1 >6)-HGaln. 

This was supported by chromatography, using a-(1->6)- 
galactotetraose because a-(1 —6)-HGaln showed trace absorp- 
tion at 260 nm. A mixture of 0.4 mi of 5% a-(1->6)-galacto- 
tetraose, 0.4 ml of 1-MA solution and 0.8 ml of HASW was 
stored at 4 °C for 3 h and adapted for a Sephadex G-25 column 
(2.64 85 cm). Elution was carried out with a 2/3 concentration 
of HASW. Fractions (5 m!) were collected at a flow rate of 10 ml 
h. 1-MA and a-(1--6)-HGaln were completely separated by 
the chromatography (Fig. 2). 
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Fig. 4 Dose-response curve of the trypsinised oocytes to 1-MA 
and a-(1->6)-HGaln. The trypsinisation was carried with 1% 
trypsin solution for 4 h at 24°C. ©, Untreated oocyte, no 
a-(1->6)-HGaln; @, untreated oocyte, +a-(1->6)-HGaln; A, 
trypsinised oocyte, no a-(1->6)-HGain; A, trypsinised oocyte, 
-+a-(1-+6)-HGaln. The trypsinised oocytes showed the same 
degree of response for 1-MA and a-(1 +6)-HGain as the untreated 
oocytes. 


As the S value of a-(1 ->6)-HGaln is 1.55, it is unlikely that it 
penetrates the cell membrane. This was confirmed as follows. 
After pretreatment of oocytes with 0.83°% a-(1 —6)}-HGaln for 
30 min at 0-4 °C, they were washed twice with HASW, and 


«x; their sensitivity to 1-MA was examined. The minimum concen- 


: tration that induced 100% maturation was about 15 (5.2 x 
-10~* mM) (Fig. 1), far less than the value obtained in the presence 
of exogeneous a-(1->6)-HGaln. Some of the inhibitory effect, 
however, remained, even after washing. This suggests that the 
receptor of a-(1 --6)-HGaln is present on the cell surface. 

To locate the receptors of a-(1->6)-HGaln and 1-MA, the 
Vitelline envelope was almost removed from oocytes by incuba- 
tion for 4 h at 24°C with 1°% trypsin dissolved in HASW 
(Fig. 3b). Then oocytes showed the same degree of sensitivity 
to 1-MA and the same degree of inhibition as untreated oocytes 


-i (Fig. 4). The receptor of 1-MA and a-(1—6)-HGaln may 
`. therefore be on the plasmalemma. 


~ We then considered whether the inhibitor might bind directly 
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Production of C- and "C-labelled 
biomolecules using ionised gases 


‘To establish a rapid method for eventual use im 
incorporating “C into important biomolecules, we have 
studied the interaction of ionised gases with a number of 
natural products. Our findings on the degradation of 
cholesterol induced by ionised gases’ led us to anticipate 
that such labelling might occur if the gas contained a radio- 
active label and we present results with “CO which verify 
the feasibility of the method. The same approach could also 
be used with “C, a positron-emitter which is too short lived 
for most conventional organic chemical labelling pro- 
cedures’. The resulting tracer biomolecules should have 
widespread applications in chemistry, biochemistry, biology 
and nuclear medicine. 

The methods and apparatus are broadly similar to those 
already described’. In brief, the principle is as follows 
(Fig. 1): “CO gas is introduced into a vacuum system 
where it is bombarded by a 190-eV electron beam (E) to 
yield? “CO*, “Ct, O*, atomic “C and O, and excited “CO. 


Fig. 1 Principle of the labelling method. Electrons emitted by a 
filament, F, are collimated by a magnetic field, B, to form an 
axial electron beam E, whichis accelerated towards the cylinder C 
by the potential Ve and collected on a plate P on further 
acceleration by the potential Fp. Inside the cylinder C, the 
electrons collide with “CO molecules (O) and produce an 
ionised gas containing atoms, ions and excited molecules. 
These highly reactive species drift to the inner surface of the 
cylinder C which is coated with a thin organic film. The reactions 
occurring on the surface produce “C-labelled compounds. which 
are analysed by chromatography and crystallisation to constant 
specific activity. 
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Fig. 2 Tracing of an autoradiogram after 
thin-layer chromatography of the “C 
products obtained from the interaction of 
organic substrates with “CO ionised gas. 
A, The position of the parent compound 
which was added as a marker is indicated 
by an arrow in each case. The starting 
materials were: a, oestradiol; h, 5,6-dimethyl- 
benzimidazole; c, p-arabinose; d, thymine; 
e, glycine. Chromatographic systems were: 
a, benzene-ethyl acetate (3:2); b, e, methanol- 
chloroform (4:1); e, methanol-benzene 
(2:3), all on silica gel; and d, n-butanol- 
acetic acid~water (80:12:30), on cellulose. 
B, Two dimensional analysis of cholesterol 
after exposure to “CO ionised gas. Chroma- 
tographic solvents were: I, hexane-ethyl 
acetate (3:2) and H, chloroform~—acetone 
(95:5), Most of the total activity was 
recovered in spots 2, 4 and 6. By placing 
reference compounds with the labelled 
material before analysis, spots 2 and 4 were 
found to coincide with cholesterol and 
cholesterol formate, respectively. The identity 
of the C-cholesterol fraction was confirmed 
by crystallisation to constant specific activity. 


These species drift to the inner surface of the cylinder (C) 
which is coated with organic material. Reactions with the 
substrate yield a number of labelled products, as shown by 
chromatographic analysis (Fig. 2A). Steroids, proteins, 
sugars and a number of heterocyclic compounds were 
treated thus and gave radioactive products in varying yields, 
some of which migrated with the starting material. Typic- 
ally, a 2-min bombardment of 10-100 ug of substrate with 
carrier-free “CO gave a total yield of labelled products of 
up to I mCimmol”. Figure 24 shows autoradiograms 
obtained from a one-dimensional thin-layer chromato- 
graphic analysis of experiments with oestradiol, thymine, 
5,6-dimethylbenzimidazole, p-arabinose and glycine. A 
similar analysis was carried out in two dimensions for 
cholesterol (Fig. 2B) and reveals the presence of six major 
labelled compounds. Two of these (2 and 4) migrate at the 
positions of cholesterol and cholesterol formate, respectively. 
The identity of compound 2 (Fig. 2B) as the labelled, but 
otherwise unaltered, parent molecule was established by 
crystallisation to constant specific activity of the free sterol 
and of its acetate derivative (Table 1). “C-cholesterol yields 
of up to 0.1 mCi mmol™ were demonstrated in this manner. 
Although this value may seem low compared with chemical 
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Table 1 Crystallisation of “C-cholesterol from the interaction of 
cholesterol with an ionised “CO gas 


Crystallisation Specific activity 
| (d.p.m. g~) 
No. Solvent 
i Methanol 13,840 
2 Methanol 9,964 
3 Methanol 9,341 
4 Methanol 9,022 
§ Petroleum ether—ethy! ether 8,064 
6 Petroleum ether~ethyl ether 7,983 
7 Petroleum ether—ethyl ether 8,075 
8 Petroleum ether~ethyl ether 7,915 
9 ‘~Methanol-ethyl ether (3-acetate) 8,131 
10 Methanol-ethyl ether (3-acetate) 7,974 
il Methanol-ethyl ether (3-acetate) 8,038 
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Cholesterol (60 pg) was bombarded as described in the text. 
Labelled products were recovered from the cylinder C (Fig. 1) with 
ethyl acetate and diluted with 4.87 g of carrier cholesterol. After the 
eighth crystallisation, the remaining cholesterol was converted to the 
3-acetate and the specific activities were adjusted to the equivalent 


S -weight of cholesterol. 
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labelling procedures, the replacement of “C by “C with its 
10°-fold shorter lifetime, would increase the activity to as 
much as 10 Ci pmol. Even higher yields can be obtained 
for some of the secondary products of other substrates, This 
method thus seems particularly promising for the applica- 
tion of “C in bioorganic sciences and nuclear medicine. 


L. SANCHE 
J. E. VAN LIER 


Department of Nuclear Medicine and Radiobiology, 


University of Sherbrooke Medical Center, 
Sherbrooke, Quebec, Canada JIH 5N4 
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Erratum 

In the article “Antiviral and cell growth inhibitory activi- 
ties reside in the same glycoprotein of human fibroblast 
interferon” by E. Knight, Jr (Nature, 262, 302; 1976) the 
first line of column 1, page 303 should read .. . was ex- 
ercised when observing growth inhibition with im-... . 

and not as printed. 














Nature Index and Binders 
The Index for 1975 is now available, price 
£2.25. Copies of the 1974 index are still on 
sale, price £3.00. Binders for the journal are also 
available at £7.00 for four (a year of Nature fits 
into four binders). i 

Postage is included in the above prices. Orders 
should be sent, accompanied by remittance to 
Macmillan Journals Ltd, Brunel Road, Basing- 
stoke, Hampshire, England.  —— o 
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| Ricklefs. Pp. 
~ land, Oregon, January 1976.) $13.95. 


verbal and pictorial, are 


By Robert E. 
v+455. (Chiron: Port- 


in. Basic Ecology. 


Methods in Plant Ecology. Edited by 
S. B. Chapman. Pp. viiit+536. (Black- 
well Scientific: Oxford and London; 
Halsted: New York, 1976.) Cloth £15; 
paper £9.75. 





PUBLISHERS of ecological textbooks 
would do well to consider Gause’s 
principle of competitive exclusion. The 
cash in astudent’s pocket is a distinctly 
limited resource for which textbooks 
must compete; any new text, to be 


successful, must carve out a niche for 


itself in what is already a fairly satu- 
rated market. And in so doing it will 
inevitably displace other texts from 
that volume of literary hyperspace 
which they currently occupy. When 
considering a new text, one must there- 
fore assess its competitive ability in the 
niche for which it has been designed. 

Ricklef’s new book is aimed at 
bridging the gap between the vol- 
uminous tests which seek to cover the 
whole gamut of ecological thought and 
the brief, sometimes superficial, intro- 


‘ductory books. Tt has a broad coverage, 


following a very similar sequence to 
‘his previous book (Ecology, Thomas 
Nelson, 1973), but the text penetrates 
far less deeply than that volume. The 
style is light and readable and ts un- 
interrupted by references to original 
papers. Some new illustrations, both 
introduced, 
although many of the old ones are 
retained. There is still a strong em- 
phasis upon zoological and North 
American examples of the principles 
described. 

Is there a niche for this textbook 
in the current market? T do not con- 
sider it a serious competitor with the 
variety of good textbooks currently 
available (including Ricklefs’ Ecology 
and also Colinvaux. Introduction to 
Ecology, Wiley, 1973: Ecology, Krebs. 
Harper and Row, 1972: General Eco- 
logy, McNaughton and Wolf: Holt, 
Rinehart and Winston. 1973) for that 
portion of the ‘resource’ provided by 
British University students of biology. 
The low level of numerical treatment 
and the lack of references will prob- 


= The Economy of Nature: A Textbook 





dealt with far too briefly, 














ably cause it to fail in this respect. It 
is not a textbook which generates a 
critical approach to the data and the 
conclusions presented; therefore, I do 
not think that it will displace any 
weightier text from this portion of its 
niche. It may appeal to the broader- 
based groups of students possibly pro- 
ceeding along paths encompassing 
humanities and environmental studies. 
Here its neglect of the numerical ap- 
proach may be an asset. In_ this 
narrower niche, however, is the 
resource adequate to support a large 
population—that is how big is this 
specialised market? Where competi- 
tion .is weak it is often, although not 
invariably, due to low resource avail- 
ability. 

The second book, edited by Chap- 
man, is making an overt bid to fill a 
specialised, relatively narrow niche in 
the textbook community, that of 
methodology in plant ecology. A wide 
range of disciplines, and methods within 
these disciplines is covered and, since 
each has a separate author, one might 
expect a degree of patchiness. The 
chapter on history of vegetation covers 
an enormous range of ideas, methods 
and techniques, but never in sufficient 
depth to provide an adequate labora- 
tory manual. The key to pollen grains 
is inadequate, inaccurate and muslead- 
ing. The description of vegetation is 
in the fol- 
lowing chapter. Several good texthooks 
are now available on this subject and 
this short survey adds little new. 


Pollution control 
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The Estimation of Pollution Damage. 
(Studies in Environmental Pollution.) 
By P. J. W. Saunders. Pp. 126. (Man- 
chester University: Manchester, 
April 1976.) £6.95, 
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No-one approves of pollution. Un- 
fortunately, however, its control is 
not simple. A great deal of effort and 
money may be devoted to reducing 
the amount of some toxic substance 
in our environment, with little or no 
useful effect, because preliminary 
studies have not been made to find 
out what, if any, harmful effects the 





and precisely the basis of pre 





The chapter on producti n ecol 
is useful in that it expla 


estimation and the various growth 
mulae that can be used. Once aj ai 
provides background information al 
methodological appraisal,- put space 


(presumably) does not allow the detailed 


descriptions of techniques: which would 
be required by neophytes, 

Other topics covered include physio- 
logical ecology, soils, climatology, 
chemical analysis and data collection 
systems. In almost all cases the sheer 
pressure of space results in the abbre- 
viation of technique- description, 
although references to the literature 
are always numerous. The imposed 
brevity, however, does mean that the 
serious student of any. specialised dis- 
cipline is likely to look elsewhere for 
information, often to a text specifically 
on the required techniques. Competitive 
displacement is therefore an unlikely 
outcome of this publication. There- 
remains the question of whether the 
gathering of all these varied techniques 
under a single cover might provide the 
book with a distinct niche of its own. 
I fear that this is unlikely; it may find 
its way into libraries or on to a few 


private shelves, but 1 cannot envisage 


its being bought by students; and this 
is where the real resource lies, cy 
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Peter Moore is a lecturer in the 
Department of Plant Science at King’s 
College, University of London, UK. 
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substance is really producing. Our 
resources are clearly insufficent to- 
deal with every possible source of 
pollution, and it is therefore essential | 
that we discover which are the greate 
est danger, and concentrate, first, on — 
their control. 

In this book Dr P. J. W. Saunders 
of the Natural Environment Research 


Council, and formerly of the Pollu- 
tion Research Unit at Manchester 


University, sets out to show how the 
real, harmful effects of pollution may- 
be measured, so that effective contr 

measures may be planned, The book 
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is primarily intended for students and 
administrators concerned with this 
subject, although it can also be re- 
commended to the more studious 
members of the wider public who are 
often so vocal about environmental 
problems. 

Dr Saunders defines pollution as 
“the introduction by man of waste 
matter or surplus energy into the en- 
vironment which directly or indirectly 
causes damage to man and his en- 
vironment, other than himself, his 
household, those in his employment 
or those with whom he has a direct 
trading relationship’. I am unable to 
understand why self-inflicted, dom- 
estic and occupational exposures are 
excluded except where they interact 
with other types of pollution. It may 
be more difficult to evaluate this type 
of damage in cash terms but they 





are equally serious and equally neces- 
sary to control. 

The amount of information con- 
densed into this small book is quite 
remarkable. The whole field of air, 
water, soil and of estuaries, and the 
specific problems caused by persistant 
pollutants is summarised in under 20 
pages. Global problems are dealt with 
in about the same space. The re- 
mainder of the text describes the 
many techniques involved in estimat- 
ing and measuring pollution, with a 
number of well-chosen practical 
examples. The extreme compression 
does not make for easy reading, 
which may discourage less-informed 
readers. Students who often only re- 
ceive a superficial introduction to this 
subject will benefit most from its con- 
tent. 

Kenneth Mellanby 





Changing 
spectrum for 
crop plants 


Evolution of Crop Plants. Edited by 
N. W. Simmonds. Pp. xii+339, (Long- 
man: London and New York, 1976.) 
£14.00. 


Tus is an excellent book in which the 
title is used in its widest sense to con- 
vey the whole spectrum of a crop’s 
development from origin to modern 
varieties, and its present and future 
potential role in the changing demands 
of world agriculture. Not since De 
Candolle has a book attempted to cover 
all the major and many minor crop 
plants grown in the world today; this 
book should therefore prove invalu- 
able to all those involved internationally 
in crop improvement programmes. 
The book is multi-authored, with 86 
chapters detailing individual crops, 
- arranged alphabetically by family, with 
the last two covering timber trees and 
minor crops. Each has an introduction 
and four sections on cytotaxonomic 
‘background, early and recent history 
and prospects, ending with a biblio- 
graphy listing key and source refer- 
ences. Chapters range from 2,000- 
6,000 words depending on agricultural 


= .. importance and depth of evolutionary 
-oo understanding. 


~ The absolute merit of individual 
chapters must be judged by the relevant 


-erop specialist. All combine a range of 


scientific disciplines in framing a crop’s 
_ history in a concise and comprehensive 
-= manner. In some instances emphasis on 


— the former has produced some formid- 


cable terminology in the cytotaxonomic 
section (for example, Papaya, ch 8, and 
Fig, ch 59) and early history section (in 


describing early plant migrations); and 
simplification or additional explana- 
tion would be helpful, although in both 
the regular use of diagrams aids pre- 
sentation. The recent history and pros- 
pects sections detail the application of 
modern breeding methods in variety 
development, and attempt to identify 
the inherent problems for the future. 
In some cases, however, little mention 
is made of the local importance of a 
crop outside its main production area, 
where different though equally im- 
portant problems may occur—two 
examples being cotton and groundnuts 
in Africa (south of the Sahara). 

Of particular note for the future is 
the recurring theme in many chapters, 
on crops with a long breeding history, 
of the poor management in the past of 
crop genetic resources, resulting in 
depletion of available genetic varia- 
bility, which may limit future advances. 
That this should not be repeated is 
stressed by a number of authors des- 
cribing crops which have recently 
received attention and which, although 
only now grown in subsistence agri- 
culture, are likely to play a key role in 
the future in improving living standards 
in developing countries. It is also evi- 
dent that there are crops, such as 
eucurbits and edible aroids, whose 
potential for production in marginal 
tropical areas is recognised but as yet 
little exploited. 

I can only agree with the editor’s 
words that the book “concentrates on 
the particular and, in doing so reveals 
..., how insecure our knowledge often 
is, how much more work is needed and 
how often, even now, the right ques- 
tions have not yet been asked”. 

H. E. Gridley 


H. E. Gridley is a research assistant in 
the department of applied biology at the 
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Foraminifera 


Recent Foraminifera. By Esteban 
Boltovskoy and Ramil Wright. 515 pp. 
(Junk, The Hague, 1976.) 125 DF}. 





A THOROUGH revision and updating of 
Boltovskoy’s original Los Foramini- 
feros Recientes (Buenos Aires, 1965) 
has resulted in a comprehensive new 
text, furnished with well chosen and 
clearly reproduced figures, a carefully 
compiled bibliography and a good 
index, the whole being attractively 
printed on good paper and sturdily 
bound. The authors deserve high praise 
for so successfully summarising such 
a wide range of information, for always 
emphasising the significance and prac- 
tical value of each aspect of the sub- 
ject, and in producing such a readable 
book. It can be read from cover to 
cover with pleasure, or simply dipped 
into with profit. 

No previous knowledge of the fora- 
minifera is assumed, yet the authors 
quickly introduce the reader to the re- 
sults of research which were very new 
when their manuscript was completed 
(January, 1975). Foraminifera] mor- 
phology and biology are clearly and 
concisely described, the scientific signi- 
ficance of foraminiferal studies is made 
plain, and the distribution and ecology 
of the foraminifera are described and 
discussed in their oceanographic, bio- 
stratigraphic and palaeo~oceanographic 
contexts. Taxonomy, systematics and 
problems of synonymy are dealt with 
concisely and realistically. There are 
most useful chapters covering techni- 
ques of collection, preparation, culture 
and storage, which the authors have 
tried and tested. 

This book is no mere library com- 
pilation of other scientists’ publica- 
tions: rather, it is the result of long 
experience of practical work with 
foraminifera by the authors themselves. 
The book is intended for workers of 
all kinds, from the beginning student to 
the academic and industrial researcher, 
for those who have access to large re- 
search budgets and to those who can 
lay hands on only the most simple 
equipment and most modest resources. 
The authors succeed admirably. 

Of course, there are the inevitable 
minor errors (a dreadfully confused 
Fig. 117 is, perhaps, the worst). The 
book should, however, be compulsory 
reading for all students of the for- 
aminifera, be they protozoologists or 
micropalaeontologists, biological ocea- 
nographers or biogeographers. 

F. T. Banner 
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| Understanding 
invertebrates 


A Functional Anatomy of inver- 
tebrates. By V. Fretter and A. 
Graham. Pp. vit589. (Academic: 
London and New York, March 1976.) 
£12.50; $31. 


THIS is a book meant to be read, It is 
„possible to do so from one end to the 
-other by those who know something 


-o about invertebrates; and the experience 


-is refreshing. But when i finished it I 
< wanted to write a different book about 

invertebrates. This somewhat ungraci- 
ous comment is a compliment in a 
way, for those of us who know the 
authors’ many contributions to our 
understanding of invertebrates will be 
neither surprised nor disappointed by 
this book. 

It is not possible in so short a space 
to argue about what is meant by ‘func- 
tional anatomy’ for rather like the 
words ‘physiology’ and ‘biology’, it is 
interpreted in different ways by dif- 
ferent people. So this is a peculiarly 
individual book and we must be grate- 
ful to them for so elegantly setting 
down their approach after a life-time’s 
experience of teaching and research, 
and to Academic Press for producing 
it so well. 

How fortunate students are; with 
Barnes, Meglitsch, and Marshall and 
Williams as basic texts, and with Bar- 
rington, and now this new book, it is 
possible to obtain a far better under- 
standing of the invertebrates than ever 
before. I must emphasise the inherent 
readability of this new book, for so 
many basic textbooks are so packed 
with detail that they serve more for 
reference, or at least can be read with 
pleasure only in parts. 

Fretter and Graham have given us 
an account of all the more important 
invertebrates (but excluding proto- 
chordates): although exemplary in 
style and clarity, the illustrations are 
not numerous and serve to illustrate 
the text. This is a Koran for the con- 
verted and in my opinion it will be 
appreciated most by those whose in- 
terest has already been caught. 

How wise it was of Sinauer to put 
the stereoscan picture of Didinium 
attacking Paramoecium on the cover 
of E. O. Wilson’s Life on Earth. How 
much more exciting it would have been 
in the present case to have ultrastruc- 
tural details of the  coelenterate 
nematocyst for example, or a stereo- 
scan view of the choanocyte. What a 
pity there is so little on parasitic pro- 
tozoa with no life cycle diagrams. 
Only seventeen pages on land arthro- 
pods. No illustration (even) of the 
cephalopod eye or the octopus brain. 

IT must confess that if T had just left 


the sixth-form having used Roberts, 
Berrill, and Clegg I would think this 
book, on first impression, was dull, 
but I would appreciate it more I think, 
when | had learnt more about the in- 
vertebrates. For there is no ‘ideal’ 
hook to cover so wide a field: there 
can be no single volume which can 
provide all a student needs, especially 
when most of us devote less of the 
degree course to such basic zoology. 
Published at a price most students 
will be reluctant to pay, it is neverthe- 
less a book no Department can afford 
to be without. It is a book which pro- 
vides a stimulating comparison with 
Barrington and others, and which, | 
would predict, will be appreciated 
more and more by students as they 
come to know the invertebrates better. 
R. P. Dales 
a e 
R. P. Dales is Professor of Zoology at 
Bedford College, University of London, 
UK. 





Caribbean-Mexican 
tectonics 


The Ocean Basins and Margins. Vol. 3: 
The Gulf of Mexico and the Caribbean. 
Edited by A. E. M. Nairn and F. G. 
Stehli. (Plenum: New York, 1975.) 


Tus is the third in a series intended to 
document the world’s ocean basins and 
their margins. Previous volumes have 
covered the North and South Atlantic 
Oceans. 

The Gulf of Mexico and the Carib- 
bean Sea have been the subject of 
many geological and geophysical 
studies that have added to the wealth 
of data obtained by the oil industry in 
the shelf and onshore areas, Not sur- 
prisingly, however, there is no firm 
concensus on the tectonic evolution of 
the area, although two views are held. 
The mobilist view seeks to explain the 
evolution of the Caribbean by seafloor 
spreading and plate tectonics, whereas 
the stabilists believe that the Carib- 
bean Sea is an ancient oceanic struc- 
ture. 

There are fifteen chapters in the 
book. The introductory 
Uchupi reviews the Physiography of 
the Gulf of Mexico and Caribbean Sea. 
The two succeeding and particularly 
good chapters discuss Geophysical 
Studies in the Gulf of Mexico (Martin 
and Case) and Geophysical Studies in 
the Caribbean Sea. Fox and Heezen 
present valuable rock dredge data, and 
seismic refraction and reflection studies 
in the Geology of the Caribbean Crust. 
Other chapters discuss various aspects 
of Palaeozoic geology around the Gulf 
of Mexico and Caribbean Sea, There 


chapter by — 
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are detailed reviews of key subjects 
such as the Northern T ermination of 
the Andes and the Palaeozoic and 
Mesozoic tectonic belts of Mexico and 
Central America. Areas discussed in 
more detail are Cuba, Hispaniola, 
Jamaica and the Nicaraguan Rise. The | 
Lesser Antilles and Aves Ridge are 

reviewed by J. F. Tomblin with empha- 
sis on the volcanology, petrology and 
geochemistry of the arc. T. W. 
Donnelly concludes the book with 8 
review of critical problems in under- 
standing the Gulf of Mexico and 
Caribbean Sea. 

Like the preceding volumes, this 
book has its deficiencies. Some of the 
chapters are little more than dry 
structural and stratigraphic descrip- 
tions of particular areas with little. 
comment on the wider implications. 
Time has invalidated earlier conchi- 
sions—in one case beds previously 
considered as Permian are now known 
to be Late Cretaceous. In spite of this 
criticism, the chapters will be valuable 
as source material. 

A more serious criticism of the book 
is the absence of any single detailed 
discussion of the marine geology of 
the Barbados Ridge and Lesser 
Antilles arc. Reportedly, wells on Bar- 
bados show evidence of imbrication, 
of obvious relevance in subduction. 
The Deep-sea Drilling Project results 
are cursorily treated and would have 
merited a whole chapter. 

One of the authors rightly com- 
ments that a synthesis of the land and 
marine data is required and another 
that there is a “negative correlation 
between Caribbean field geology experi- 
ence and readiness to apply the recent 
concepts of seafloor spreading”. A use- 
ful example is the problem posed by 
the Jurassic igneous rocks of La 
Desirade situated in the Tertiary Lesser 
Antilles Arc. Are these rocks in situ 
or are they a tectonically transported 
slice of old Atlantic ocean crust? In 
such areas multichannel seismic surveys 
may resolve such tectonic anomalies. 

Multichannel seismic surveys emerge — 
from the book as priority measures for 
the Gulf of Mexico and Caribbean Sea 
to resolve such questions as continuity 
of salt across the Gulf and the distribu- 
tion of beds below horizon B" in the 
Caribbean itself. Such surveys, calibra- 
ted by deep-sea drilling, may resolve 
‘many of the problems of the stabilism-— 
mobilism controversy, reviewed and 
briefly discussed by the contributors to 
the book. David G. Roberts 
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Officer at the Institute of Oceano- 
graphic Sciences, Godalming, UK. He 
was recently Co-Chief Scientist on Leg 
48 of Glomar Challenger at the Margins 
of Biscay and Rockall as part of the 
Deep-Sea Drilling Project. 
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announcements 





Appointment 

Mr E. S. Booth, CBE, MEng, FRS, 
Chairman of the Yorkshire Electricity 
Board, Leeds, will take over as Presi- 
dent of the Institution of Electrical 
Engineers for 1976/77. 


Awards 


The Association for Radiation Re- 
search has awarded the 1976 Weiss 
Medal to Dr Ulrich Hagen of the 
Institute of Radiobiology in the 
Nuclear Research Centre, Karlsruhe 
for his work on the effects of radiation 
on biological molecules. 


The University of Chicago has awarded 
the first George Willard Wheland 
award to Professor M. J. S. Dewar of 
the University of Texas for his achieve- 
ment In introducing new concepts from 
quantum mechanics into university 
courses on organic chemistry. 


Meetings 


November 8-10, Function and Biosyn- 
thesis of Lipids (Sponsored by the IUB 
and PAABS), Sierra de la Ventana, 
Argentina (Dr Nicolas G. Bazan, Chic- 
lana 508,8000 Bahia Bianca, Argen- 
tina). 

November 11-12, Scientific and Tech- 
nical Publishing in a Multilingual 
Society, Luxembourg (Mr J. M. Gibb, 
DG XIII, European Centre, Kirchberg, 
Luxembourg). 


November 22-26, Corrosion Problems, 
Prevention and Practice, Auckland, 
New Zealand (Conference Chairman, 
_ Australasian Corrosion Association, PO 
Box 5961, Wellesley Street, Auckland, 
New Zealand). 


December 10, New Aspects of Epi- 
thelial Transport, London (The Secre- 
tary, Dept of Physiology, King’s Col- 
lege, London). | > 
December 28-31, Coconut Research 
and Development, Kasaragod, Kerala 
State, India (N. M. Nayar, CPCRI 
Regional Station, Vittal 574 243, 
Karnataka State, India). 

January 11, 1977, Corrosion in Agri- 
culture, Nottingham (B. Wilton, School 
of Agriculture, Sutton Bonington, 
Loughborough, Leics.). 

January 26-28, 1977, Electrical Pro- 
perties of Biological Polymers, Water 
and Membranes, New York (The Con- 
ference Director, The New York 
Academy of Sciences, 2 East 63rd 


Person to Person 


Myocrisin (sodium aurothiomalate) 
is said to photosensitise the skin 
of some patients. Any information 
concerning such an effect in 
humans or animals treated with 
drugs containing gold would be 
appreciated by Dr R. J. Wilkins, 
Dept. of Microbiology, University 
of Otago Medical School, Dune- 
din, New Zealand. 


Smithsonian Fellowships will be 
awarded to support independent 
research in residence at the Smith- 
sonian Institute using the collec- 
tions, facilities, and laboratories 
and pertaining to research in- 
terests of the Smithsonian research 
staff (anthropology, biology, the 
earth sciences and the history of 
science and technology). Fellow- 
ships worth $10,000 p.a. and re- 
search allowances, are granted to 
postdoctoral scholars, and pre- 
doctoral fellowships, of $5,000 
and research allowances, may be 
granted to doctoral candidates. 
Applications are due by January 
15, 1977. 


A limited number of Research 
Fund grants, (of ~£100) will be 
awarded for 1977. Application 
forms, together with the regula- 
tions governing the awards, may be 
obtained from the Education 
Officer, The Chemical Society, 
Burlington House, London WIV 
OBN, and the closing date for 
applications is November 1, 1976. 


Three awards (consisting of a 
silver medal and 250 guineas) for 
work in chemistry will be made to 
the British chemists who have pub- 
lished the most meritorious con- 
tributions in their fields of experi- 
mental chemistry. The rules for 
the award may be obtained from 
the Local Activities Officer of the 
Chemical Society, Burlington 
House, London WIV OBN. Appli- 
cations or recommendations must 
be received by December 31, 1976. 


There will be no charge for this service. 
Send items (not more than 60 words) to 
Martin Goldman at the London office. The 
section will include exchanges of accommo- 
dation, personal announcements and scientific 
queries. We reserve the right to decline 
material submitted. No commercial trans- 
actions. l 


Street, New York, New York 10021). 
April 18-20, 1977, Chemical and Mole- 
cular Lasers, St Louis, Missouri (Dead- 
line for abstracts: January 10, 1977) 
(Dr W. Q. Jeffers, Helios Inc., PO Box 
2190, Boulder, Colorada 80302). 


April 18-22, 1977, Molecular Beams, 
Amsterdam (A. E. de Vries, FOM- 
Institute, Kruislaan 407, Amsterdam, 
The Netherlands). 


April 20-27, 1977, First International 
Conference of Science Editors, Jeru- 
salem (Miriam Balaban, PO Box 4059, 
Jerusalem, Israel). 


May 4-6, 1977, Ozone Technology, 
Paris (Deadline for abstracts: October 
31) (International Ozone Institute, 
European Committee Secretariat, 52 
rue d’Anjou, 75384 Cedex 08 Paris, 
France). 


July 24-30, 1977, 40th Annual Meeting 
of the Meteoritical Society, Cambridge, 
UK (Dr E. R. D. Scott, Department of 
Mineralogy and Petrology, Downing 
Place, Cambridge CB2 3EW). 


August 15-19, 1977, International Con- 
ference on Applied General Systems 
Research: Recent Developments and 
Trends, Binghamton, New York 
(George J. Klir, School of Advanced 
Technology, State University of New 
York, Binghamton, New York 13901). 


August 30-September 1, 1977, Dopa- 
mine (ISN satellite symposium) (Dr 
P. J. Roberts, Department of Physio- 
logy and Biochemistry, University of 
Southampton, Southampton SO9 3TU, 
UK). 


September 13-16, 1977, Unconventional 
Photographic Systems, Oxford (G. W. 
Smith, Ozalid (UK) Ltd, Langston 
Road, Loughton, Essex, UK). 


September 14-16, 1977, Quantum Elec- 
tronics, Southampton (Deadline for 
papers: May 31) (Dr H. C. Hanna, 
Department of Electronics, University 
of Southampton, Southampton, Hants 
SO9 SNH). 

September 28-30, 1977, Platelets: a 
Multidisciplinary Approach, Florence 
(Dr G. de Gaetano, Laboratory for 
Haemostasis and Thrombosis, Instituto 
di Richerche Farmacologiche ‘Mario 
Negri’, Via Eritrea, 62—20157 Milano, 
Italy). 

October 7-11, 1977, Essential Oils, 
Kyoto, Japan (Mr Yasumasa Kato, 
Secretary General, VII International 
Congress of Essential Oils, c/o Kyoto 
International Conference Hall, Takara- 
ike Sakyo-ku Kyoto, 606 Japan). 





_ Nature Vol. 263 September 9 1976 








85 





September 9, 1976 





Too little guidance on the PhD? 


TWO-AND-A-HALF years ago the Expenditure Committee 
of the House of Commons put out a report on post- 
graduate education in Britain. Many of the recom- 
mendations stirred up strong feelings in the academic 
community, and there was considerable interest in how 
the Department of Education and Science (DES) would 
field this full frontal assault on the nature of the PhD. 
The recently published White Paper ‘Postgraduate 
Education” (HMSO; 28p) is the rather belated reply. 
The Expenditure Committee’s most headline-catching 
suggestions were in the field of postgraduate financing. 
It had suggested that there should be at least an element 
of repayable loan in student awards above some basic 
minimum. This idea finds little favour with the DES 
and there seems no reason to resurrect it in the near 
future. But it was not in student finances that the 
strongest feelings were aroused; it was in the proposals 
that “pre-experience” students should be discouraged 
from taking non-vocational postgraduate courses but 
encouraged into vocational courses leading to qualifica- 
tions which would be a prerequisite for entry to a 
career. These suggestions stemmed from the com- 
mittee’s view that “postgraduate education should be 
shaped, not by student demand alone, but principally by 
the needs of the economy and of society as a whole”, 
The Government “broadly accepts’ this view in its 
reply; resources for postgraduate education should be 


_ provided “primarily in order to meet the country’s need 
© for trained manpower”. It accordingly defends itself by 


pointing to the many moves that are being made to 
shape postgraduate education towards vocational ends, 
and remarks that ‘it would be an over-simplification to 
regard research training leading to the PhD as non- 
vocational”. And yet having apparently gone a long way 
down the road to manpower planning in the post- 
graduate sector, the government then declares that “the 
content and balance of postgraduate training, in all its 
complexity, are best left to the autonomous interaction 
of the institutions themselves, the research councils and 
employers”. It looks suspiciously inconsistent with man- 


= power planning to expect that universities can work out 






| individually how to do their bit to meet the country’s 


and society's need for trained manpower; and it suggests 
that the DES, for all its waiting to hear the views of 
(unnamed) relevant bodies ‘before venturing to put its 
own position forward, has succeeded only in compiling 
a hurriedly cobbled-together case for seeming to worry 
about the needs of the nation while actually defending 
the status quo. 

In the face of the committee’s assault, the DES 
should have come out fighting. What evidence is there 
that manpower planning makes sense when it comes to 
controlling the intake of prospective PhD students? 
The Expenditure Committee found a few representa- 
tives of industry prepared to say that PhDs didn’t 
interest them: but if they had looked in other directions 
they would have found industrialists prepared to say 
just the opposite. The Civil Service, another major 
employer, would equally not be of one mind. With 
such variability in opinions there seems little sense in 
trying to evolve any major strategy to switch the 
emphasis in postgraduate work. It is difficult to believe 
that there is anything like enough evidence to allow the 
DES to start matching postgraduate education to the 
“needs of the economy and of society as a whole”. 

A somewhat worrying omission from the DES's res- 
ponse is any obvious rejoinder to the committee’s view 
that the number of pre-experience students should be 
“considerably” reduced. It is indeed true that the 
number of awards being granted for postgraduate 
research is slightly in decline at present, and one 
wonders what it will lead to. Will the downward trend 
be allowed to continue even if and when the economy 
picks up? The DES paper mentions only “some areas 
of study such as mathematics or non-clinical medical 
research” as being hindered by a student having to take 
a break after a first degree. It then goes on to promise 
a higher proportion of post-experience students. The 
whole looks a little ominous. Maybe we have too many 
young PhD students; maybe manpower planning would 
work. One would need more than this White Paper to 
be convinced, however. The DES, in its stern effort to 
show what it is doing for the GNP, might too easily 
abandon education for training. 
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Flashes in ashes 





Allan Piper considers the biggest and most 
promising of five new energy projects sponsored 
by the International Energy Agency (IEA). 


T HE opening earlier this week of a 

London headquarters for a new 
National Coal Board (NCB) subsidiary 
will probably cause no more than a 
passing ripple in the whirlpool of inter- 
national energy affairs. Few people can 
have heard of NCB (IEA Services), and 
fewer still will know what it represents. 
But its potential long-term impact on 
the global energy scene should not be 
underrated. 

In the rush to develop new energy 
technologies, coal, once in decline as a 
major energy source, has assumed a 
renewed importance. Under its Ten 
Year Plan the NCB aims to boost UK 
coal production by 15% over the next 
decade. The US plans to expand its coal 
industry by a factor of three. Else- 
where—in Europe, the Soviet Union 
and Australia—similar production 
drives are getting under way. 

But bringing coal out of the ground 
is one thing: how best to use it is 
another. The value of coal lies not only 
in its potential as a fuel. It aiso shows 
massive promise as a chemical feeds- 
stock, and as a source of premium 
grade hydrocarbons. Much research is 
needed-—-and it is here that NCB (TEA 
Services) comes in. Set up by the NCB 
last Novermber, it will look after coal 
research in Britain for the TEA. Five 
projects, costing an overall £15 million, 
have already come its way. Four of 
them are relatively modest: costing an 
annual £1 million or so, they involve 
merely the collection of information 
for the next five years, keeping the ten 
nations involved abreast of economic 
and technological developments. 

The fifth project is by far the largest 
and most promising. It involves the 
design, construction and operation of 
an 85 MW fluidised bed combustor on 
an old NCB site at Grimethorpe in 
Yorkshire. Jointly financed by Britain, 
the USA and West Germany, the com- 
bustor is expected to cost £6 million to 
build, and a littl over £500,000 a year 
to run during its eight-year life as an 
TEA test bed—a total of around £10.5 
million. | 

With so much attention being 
focused in Britain on nuclear power 
and North Sea oil resources, the true 
significance of Grimethorpe is likely to 
pass unnoticed. In the past, fluidised 
combustion—an elegant technique for 
burning fuels efficiently, economically 
and cleanly—has been sadly under- 
supported in relation to its technologi- 
cal potential. But Grimethorpe marks 
a turning point. Through the Depart- 


ment of Energy (DEN), which will 
provide 66% of the cost of Britain’s 
share of the project (the rest will come 
from the NCB), the UK Government is 
providing solid backing for the first 
time. 

There are, moreover, preliminary 
discussions under way between the 
NCB and leading industrial companies 
on the early introduction of a 60 MW 
commercial prototype in addition to 
the Grimethorpe test bed. Such a step 
should be technologically possible, and 
might have been taken already had 
funds been available. As it is, success 
in the present talks, and subsequent 
government approval, could see the 
first British prototype operating within 
five years. 


Bed of ashes 

Fluidised combustors boast advantages 
that cry out for commercial exploita- 
tion. Because they are more compact 
and efficient than conventional burners, 
capital construction costs and running 
costs are lower. They operate at lower 
temperatures, forming less clinker and 
slag and thus lowering maintainance 
costs. They offer operational flexibility: 
multifuelled combustors can be de- 
signed to burn coal, oil and gas, with 
switchover times measured only in 
hours. Thus, while they might usefully 
exploit fluctuations in different fuel 
prices, they can also remain immune to 
temporary shortages of particular fuel 
types. Moreover, by burning extremely 
low grade coals they could help stretch 
economic reserves, reducing overall 
coal production costs. 

These benefits spring from the way 
fluidised combustion works. The under- 
lying principle is startlingly simple. In 
a fluidised combustor the proportional 
amount of air involved in fuel burning 
far exceeds that found in conventional 
burners. During combustion, tiny fuel 
particles are continually fed into a bed 
of fine mineral ash, maintaining a pro- 
portion of 1 part fuel to around 200 
parts ash. At the same time, an even 
flow of air is passed upwards through 
the fuel bed, causing it to act like a 
turbulent fluid—hence the name fluid- 
ised combustion. 

As the fuel particles mill around in 
the airstream they do not stick together 
because of the low combustion tem- 
perature. Consequently they burn ex- 
tremely thoroughly, distributing heat 
more efficiently than under ordinary 


burning conditions. The heat can be_ 
utilised either By passing cooling tubes. 
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through the fuel bed, or by using more 
air than is needed to maintain. turbu- 
lence, and extracting it from the top of 
the combustion chamber. I 

The potential range of application is 
enormous. As electrical power genera- 
tors, fluidised combustors might use- 
fully be considered by the Central 
Electricity Generating Board (CEGB), 
now busily closing dozens of small, 
urban coal- and oil-fired plants that 
could perhaps be converted to comple- 
ment the nuclear baseload. In industry, 
fluidised combustors can be used to run 
small boilers and drying kilns, and pres- 
surised plant can drive gas turbines. 
They can also be designed as incinera- 
tors for sewage sludge, organic and 
chemical wastes, and everyday munici- 
pal rubbish. 

With every application the waste 
heat is easily harnessed. District heat- 
ing is an obvious area for development 
here. The DEN, now devoting greater 
attention to the potential of combined 
heat and power schemes, is unlikely to 
overlook this bonus. 

The environmental advantages will 
not be overlooked either. In fluidised 
combustion the production of SO, and 
nitrogen oxides is easily controlled and 
minimised. This is because burning 
temperatures are in the relatively low 
range of 750-950 °C. On the one hand, 
this is too cool for the production of 
most oxides of nitrogen: on the other, it 
is perfect for the harmless combination 
of SO. with ground limestone placed 
in the ash bed. 


Dusty record 

Against that background the poor 
record of support for research and de- 
velopment (R&D) seems surprising. The 
CEGB, with potentially so much to 
gain, withdrew almost entirely from the 
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scene soon after launching pioneering 
work in the middle 1950s, turning in- 
stead to the greater promise then 
offered by nuclear power and oil. It has 
since remained involved only in an 
advisory capacity. Throughout the 
1960s the NCB carried the R&D effort 
virtually alone. The UK Government 
did not become directly involved until 
about five years ago, and then only in 
a-minor way with the formation of 
Combustion Systems Limited (CSL), a 
tripartite research organisation involv- 
ing the National Research Development 
Corporation, the NCB and British 
Petroleum (BP). The private sector has 
since shown increasing interest. 

The Grimethorpe test bed is not the 
first in Britain. Progress made by the 
NCB during the 1960s led to the con- 
struction and successful operation of 
several small experimental rigs at the 
British Coal Utilisation Research 
Association (BCURA) in Surrey, and 
the Coal Research Establishment (CRE) 
in Gloucestershire. The BP Research 
Centre at Sunbury on Thames has also 
been the centre of recent applied 
research by CSL. Two small com- 
mercial plants are already operating in 
Britain, one of them at Renfrew in 
Scotland, where the enginering com- 
pany Babcock and Wilcox runs a 
13.5 MW fluidised combustion boiler. 
The other is used as a grass dryer by an 
enterprising Lancashire farming family. 

Grimethorpe will not represent the 
first attempt at international collabora- 
tion on fluidisation combustion. 
Work at BCURA in 1970 and 1971 
on environmental benefits was spon- 
sored jointly by the NCB and the US 
Environmental Protection Agency. 
Over the past five years, following the 
of NCB funding for 
BCURA, studies on pressurised plant 
have been supported entirely by the 
US Office of Coal Research. CSL. 
facilities are currently used by the US 
Electrical Power Research Institute 
and the National Swedish Environment 
Protection Agency, together with many 
independent commercial organisations. 
CSL projects are themselves partially 
supported by grants from the European 
Coal and Steel Community. With more 
effort at both national and international 
level, development might have passed 
beyond its present point, but the fund- 
ing was not available. 

Perhaps the greatest single setback 
came in 1971 when the NCB, having 
decided to stop carrying the R&D 
burden on its own, failed to win 
government backing for a planned 
20 MW demonstration steam boiler. 
Only £2 million was involved, and the 
Advisory Council on Research and 
Development (then under the Ministry 
of Power) had just reported favourably 
on fluidised combustion: initial design 
studies for the project had been sup- 
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ported by government grants totalling 
£200,000. 

But the Tory government had only 
recently come to power, the CEGB, 
riding the tide of nuclear expansion, 
was indifferent about the idea and had 
itself declined to give support, and 
even the NCB commitment was less 
than total. Purthermore, export pros- 
pects did not look rosy: the US admini- 
stration for the most part still spurned 
fluidised combustion, ironically prefer- 
ring to place massive emphasis on the 
development of pollution control units 
for conventional burners. 


Dead ahead 
Following that setback it was arguably 
only through the formation of CSL 
that Britain maintained its technologi- 
eal lead. Not until the coal industry 
examination of 1974~-involving the 
government, the NCB and mining 
unions—-did fluidised combustion be- 
come identified as a priority area for 
R&D, along with pyrolosis and lique- 
faction. The decision to support Grime- 
thorpe with DEN funds acknowledged 
that finding. Orders for hardware should 
go to UK, US or West German con- 
tractors within the next 12 months. 
So fluidised combustion looks set to 
come into its own. In the UK, apart 
from Grimethorpe and the planned 
prototype. CSL is actively considering a 
66 MW combined heat and power pres- 
surised gas turbine. The British Steel 
Corporation may well introduce a small 
unit into its River Dunn works in 
Yorkshire. The General Electric Com- 
pany has declared an interest in the 


ek 





proposed British prototype. And a new 
joint company, Babcock~CSL. has been 
established as a design and export base. 

In the US too, R&D is pressing ahead 
independently of the IEA project 
Work on a ${4million pressurised test 
bed is due to start near Chicago this 
autumn, sponsored by the US Energy 
Research and Development Admini- 
stration. A lot is at stake. While coal 
makes up 90% of recoverable fossil 
fuel researves in the US, much of it 
has an extremely high sulphur content. 
Fluidised combustion offers the oppor- 
tunity to exploit these reserves with- 
out violating anti-pollution standards. 

The enthusiasm is matched in 
Europe, in spirit if not with financial 
backing. Although only West Germany 
will share the running costs of Grime- 
thorpe with Britain and the US, the 
other seven member nations of the TEA 
Working Party on Coal Technology 
will have access to data. France, alone 
among the major European nations, 
has remained cool, but her absence 
poses no problems. 

Fluidised combustion could have 
tremendous relevance to the future 
world energy scene. Few now question 
the crucial importance of nuclear 
power, And few will argue with the 
NCB’s suggestion that coal’s greatest 
notential lies in pyrolysis and lique- 
faction. But where coal must be used 
as a fuel, fluidised combustion looks like 
becoming the cheapest, cleanest, and 
most efficient way of using if. As one 
NCB board member has put i. the. 
greatest innovations are yet to come. 
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Making oil out of money? 





A controversial plan to pour billions of 
doliars of federal funds into com- 
mercial development of “synthetic” oil 
and gas from coal and from oil shale 
is about to face a crucial test in the 
US House of Representatives. Colin 
Norman reports 


A SYNTHETIC fuels industry is a key- 
stone of the Ford administration’s long 
range energy research and development 
(R&D) strategy. The idea is to force- 
feed its growth in the United States to 
the point where it could begin to sup- 
plement dwindling domestic supplies of 
oil and gas in the 1980s and 1990s. The 
plan now arousing controversy is em- 
bodied in a bill already approved in 
differing versions by the Senate and by 
four separate House committees. It 
would provide up to $6,000 million to 
private industry over the next two years 
in loan guarantees and other financial 
assistance for the design and construc- 
tion of large scale production plants. 

According to the bils supporters, 
chief of whom is Vice President Nelson 
Rockefeller, the measure is vitally 
needed to halt the growing imbalance 
between supply and demand from 
domestic ojl and gas. Without the pro- 
duction of synthetic fuels, the argu- 
ment runs, imports will inevitably in- 
crease as domestic supplies begin to 
peter out towards the end of the 
century. And without federal support 
now, there will be no synthetic fuels 
industry in place when it is needed. 

To the plan’s many opponents, how- 
ever, the idea is a waste of money, an 
unnecessary subsidy to the already 
bloated oil industry, and a gross mis- 
application of energy R&D funds. 

The latest five-year R&D plan of the 
Energy Research and Development 
Administration (ERDA), published last 
April, envisages a major role for syn- 
thetic fuels in the 1990s, suggesting 
that they “offer a domestic energy 
alternative to imported oil and gas”. 
ERDA noted, however, that it will 
require production of between five and 
ten million barrels of synthetic fuel a 
day by 1995 simply to hold imports at 
their present level, and argued that 
“for the necessary number of plants to 
be operating in the mid-1990s, an in- 
dustrial base on the order of 1 million 
barrels per day must have to exist by 
1985”. 

ERDA’s strategy is thus to press 
ahead with R&D on advanced tech- 
nology for producing oil and gas from 
coal and shale, but at the same time 
it is urging industry to move rapidly 
ahead with the design and construction 


of demonstration plants using tech- 
nology already developed. The problem, 
however, is that such large scale plants 
are expected to cost about $1,000 mil- 
lion apiece, and, since the economics 
of the enterprise are difficult to predict, 
industry is having a tough time raising 
that sort of money. Hence the argu- 
ment for Congress to provide loan 
guarantees and other financial incen- 
tives to help the industry get into the 
synthetic fuels business. ERDA officials 
describe the situation as similar to that 
faced by the nascent nuclear power 
industry in the 1950s. 

Opponents of the bill have chal- 
lenged its justification with arguments 
which go to the root of the Ford 
administration’s energy policy. Led by 
Representative Richard Ottinger, a 
Democrat from New York, they sup- 
port ERDA’s programme for develop- 
ing advanced synthetic fuel technology 
—ERDA is already funding a number 
of pilot scale projects jointly with in- 
dustry—-but they argue that it is pre- 
mature for the Federal Government to 
pour vast sums of money into commer- 
cialisation efforts. 

Those arguments received valuable 
support late last month from the 
General Accounting Office (GAO), an 
investigative body controlled by Con- 
gress. In unusually blunt language, the 
report recommended that “Govern- 
ment financial assistance for commer- 
cial development of synthetic fuels 
should not be provided at this time”, 
and suggested that conservation efforts 
are likely to be much more cost 
effective. 

The GAO study suggested that oil 
produced from coal or shale could cost 
between $18 and $30 per barrel, com- 
pared with the current price of about 
$12 for imported crude. It also esti- 
mated that synthetic gas would cost at 
least twice as much to produce as 
natural gas. Thus, to make the pro- 
ducts competitive, the Federal Govern- 
ment would have to provide direct 
subsidies in the form of price supports 
or production assistance, the report 
suggests, 

The GAO report was greeted with 
jubilation by the bill’s opponents, com- 
ing as it did on the eve of the House 
debate. But ERDA officials were 
understandably less enthusiastic. For 
example, Robert C. Seamans Jr, the 
Administrator of ERDA, said in a 
statement that the report “presents 
strong conclusions and recommenda- 
tions to the Congress without a sound 
underlying basis of analysis supporting 
them”. He took issue with most of the 
report’s conclusions, particularly its 


comparison with future synthetic oil 
prices with present import prices, and 
suggested, finally, that its publication 
would be “damaging to the early imple- 
mentation of our needed energy supply 
programs”. 

Equally disturbed was Representative 
Olin Teague, Chairman of the House 
Committee on Science and Technology 
and the chief architect of the bill. 
Teague called a committee meeting to 
discuss the report last week, and sug- 
gested that he would not bring the bill 
to the floor unless he is sure that he 
has sufficient votes to get it through. 
Later in the week, he said that he 
would try to get the bill before the full 
House as soon as possible, indicating 
that he feels it wall pass. 

As for the impact of the bill on the 
synthetic fuels programme, many offi- 
cials see it as crucial. William T. 
McCormick, Chief of ERDA’s Office 
of Commercialisation, said last week, 
for example, that “if this bill doesn’t 
go through, many projects which have 
been supported by company funds will 
fold”. He added that if the bill fails to 
pass this year, it will be very difficult 
to resurrect it next year. 

Be that as it may, at least one syn- 
thetic fuels programme-—the oil shale 
development effort—is already ailing so 
much that it may be difficult to revive 
it simply with a financial injection. 

It should be recalled that not too 
long ago, the vast amounts of oil 
locked into shale beneath the Rocky 
Mountains in Colorado, Utah and 
Wyoming were being touted as the 
answer to America’s energy problems. 
In January, 1974, the Department of 
the Interior began to offer small tracts 
of federal land to the oil industry for 
testing and development projects. The 
oil industry paid handsomely for the 
opportunity, the first 5,000 acre tract 
fetching a staggering $210 million. 

Last month, however, consortia 
which hold rights to the tracts now 
leased in Colorado and Utah, withdrew 
from the programme and asked that 
the leases be suspended. And late last 
year, a consortium known as The Oi 
Shale Company (TOSCO), which was 
reckoned to be the leader in shale pro- 
cessing technology, announced that it 
had suspended its own private opera- 
tions. They all cited the high capital 
cost of building the plants and a 
variety of environmental problems as 
reasons for pulling out. 

If Congress passes the Synthetic 
Fuels Loan Guarantee Bill it may at 
least help the economics of shale pro- 
cessing, since it would reduce the cost 
of borrowing funds on the capital 
market. But, according to an Interior 
Department official, the prospects for 
reviving the effort look gloomy. E 
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GENETICS 


Laying the guidelines bare 





The long, tortuous process of setting 
controls on experiments involving 
recombinant DNA in the United States 
as taken yet another potentially im- 
portant turn. Colin Norman reports 





THe National Institutes of Health 
(NIH), the agency responsible for 
supporting most recombinant DNA 
experiments in the United States, last 
week published a 100-page document 
analysing the possible effects of the 
safety guidelines which it issued last 
June. Publication of the document, a 
legal requirement under the terms of 
the National Environmental Policy Act 
(NEPA), is likely to provide an im- 
portant means of gathering public 
opinion on the guidelines, but it could 
also pave the way for some legal 
challenges to them. 

Links between recombinant DNA re- 
search and environmental policy may 
seem a bit tenuous, but the language 
of NEPA is clear. It specifies that 
government actions which could have 
environmental implications should be 
preceded by an impact statement 
detailing the environmental risks and 
benefits associated with that action. 
Since microorganisms bearing recom- 
binant DNA molecules could affect the 
health of plants, animals or man, the 
issuing of guidelines designed to keep 
such organisms in the laboratory and 
out of the general environment clearly 
comes under the terms of NEPA. 

That fact was realised in the NIH 
while the guidelines were in the late 
stages of drafting, and caused consider- 
able consternation in the agency, con- 
tributing to some delay in publication 
of the guidelines. In the end, however, 
Donald S. Fredrickson, Director of the 
NIH, decided to short-circuit the 
normal NEPA procedure by publishing 
the guidelines first and the environ- 
mental impact statement later. Therein 
lies a potential problem for NTH. 

Already, NIH has received a number 
of complaints that Fredickson’s action 
has circumvented public participation 


in the formulation of the guidelines.. 


Among the complaints is a letter from 
two researchers at the Friends of the 
Earth, a national environmental 
organisation. The researchers, Francine 
Simring and Larna Saltzman, have 


.., asked NIH to stop funding all recom- 





“binant DNA experiments until the 


correct NEPA procedure has been 


z - followed, arguing that prior publication 
© Of the guidelines violates the spirit as 
well as the letter of NEPA. 


Fredrickson has claimed, however, 
that prompt publication of the guide- 
lines served the public interest better 
than following the usual NEPA pro- 
cedure. Until the NIH guidelines were 
published on June 23, recombinant 
DNA experiments were proceeding 
under general guidelines drafted by an 
international group of geneticists which 
met at Asilomar, California, early in 
1975. The NIH guidelines are in many 
respects more stringent than the 
Asilomar guidelines and they also 
establish a detailed implementation pro- 
cedure. Thus, the impact statement 
itself suggests that “the escape of 
potentially hazardous organisms was 
more likely in the absence of NIH 
action”. Though such arguments are 
rational enough, the possibility of a 
legal challenge should not be com- 
pletely ruled out. 

Nevertheless, the impact statement 
provides an important addition to the 
literature on the regulation of recom- 
binant DNA experiments since it pro- 
vides the first public discussion of the 
reasons why NIH chose not to follow 
some courses of action advocated by 
various groups and individuals. It also 
contains a discussion of the possible 
risks and benefits associated with the 
research, attempts to estimate the prob- 
ability that some hazards will be 
realised, describes the guidelines, and 
outlines the procedure by which they 
were adopted. 

As far as alternative courses of action 
are concerned, the statement discusses 
the following: 


® No action—simply continue to rely 
on the Asilomar guidelines as the basis 
for regulating recombinant DNA 
experiments. Such a course was re- 
jected because the Asilomar guidelines 
are considered too lax in some cases, 
and because there is no formal 
mechanism to ensure that they will be 
followed. 


@ Prohibition of funding from NTH 
for recombinant DNA experiments. 
That suggestion was rejected because 
other sources of funding are available, 
the potential benefits from the research 
would be foreclosed, it would ‘‘under- 
mine American leadership in the 
establishment of worldwide safety 


standards”, and the “leadership of the 
United States in biological research 


would be threatened’. A flat pro- 
hibition would also interfere with free 
scientific inquiry, the statement sug- 
gests. 

® Restrict all permissible experiments 
to a few maximum containment facili- 
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ties—a suggestion put forward most 
notably by Robert Sinsheimer, Chair- 
man of the Department of Biology at 
California Institute of Technology. The 
statement notes that such a course of 
action would not distinguish between 
experiments with high potential risk 
and those believed to pose little, if any, 
hazard. It would also discourage many 
experiments and amount to a pro- 
hibition on some research because of 
limited access to such facilities, the 
statement suggests. 


@ Prohibit the use of the bacterium 
E. coli in recombinant DNA experi 
ments. Because E. coli is a common 
inhabitant of the human gut, many 
observers have argued that it is a par- 
ticularly risky chofce as the host for 
transplanted genes. The statement 
points out that the particular strain of 
E. coli used in the laboratory has many 
features which limit its infectiousness. 
Moreover, it can be genetically altered 
to reduce its viability even further, as 
required by the guidelines for some 
classes of experiments. The statement 
also defends the decision to permit the 
use of E. coli by noting that no other 
bacterial species now seems to offer as 
many safety features. 


® The statement also notes that some 
observers have ‘questioned the decision 
to permit experiments involving the 
formation of recombinant molecules 
from uncharacterised pieces of DNA 
from warm-blooded animals—so-called 
shotgun experiments. It also notes that 
the use of DNA from oncogenic viruses 
has been challenged. The statement 
does not defend the decision to permit 
such experiments, however; instead, it 
merely notes the objections. 


© The environmental impact statement 
has now been circulated in draft form 
to numerous scientists and other 
interested individuals and it is also 
available on request from the NIH 
division of environmental services. It is 
open for comments for 45 days, after 
which the NIH may convene a series 
of public hearings. Eventually, the 
document will be expanded and cast in 
final form. The comments will also be 
considered during any future revision 
of the guidelines. 

Because both the risks and the bene- 
fits from recombinant DNA experi 
ments are speculative, the impact state- 
ment is necessarily vague in places, and 
is also. ‘ shot through with value judg- 
l s where experimental data 
itics of the guideline 
: 3 arch will therefore find 
ty to criticise in the document, A 
heated and lengthy debate should be 
anticipated. 
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NRPB evidence published 

The UK National Radiological Pro- 
tection Board (NRPB), which advises 
the government on radiation hazards, 
has urged a fresh appraisal of Britain’s 
approach to nuclear waste manage- 
ment. The board’s evidence to the 
Royal Commission on Environmental 
Pollution (RCEP), disclosed last week, 
adds credence to the view that the 
RCEP’s forthcoming report on radio- 
logical safety in Britain will itself 
criticise the relatively disappointing 
level of UK research into the safe 
disposal of long-lived radioactive 
nuclides arising from the nuclear 
power programme. 

The NRPB evidence nonetheless 
questions recent attacks on inter- 
national exposure limits for plutonium; 
and it endorses calls for individually 
established standards for radioactive 
discharge from nuclear installations, 
rather than blanket legislation. 


AGR running smoothly 

Barring unforeseen setbacks the com- 
mercial output of  Britain’s first 
Advanced Gas Cooled Reactor (AGR) 
nuclear power station, Hinkley Point B 
in Somerset, will have doubled to 
1,000 MW by the coming winter. The 
second of Hinkley B’s twin 660 MW 
reactors, now undergoing final egin- 
eering tests, is expected to come on- 
line in October, closely on schedule. 
The first has been performing smoothly 
at around 500 MW since July, follow- 
ing its switch on eight months ago— 
outstanding corrosion problems have 
restricted output to about 80% of the 
design level. Hinkley B is already 
producing electricity as cheaply as first 
generation, magnox nuclear installa- 


tions, and could eventually become 
more competitive. 
Though the Central Electricity 


Generating Board last week expressed 
renewed confidence in the AGR. which 
it regards as among the safest and 
‘cleanest’? of existing nuclear reactor 


Competition 9 Even a common word 
like electricity was new once. For a 
prize of £10 we want to hear ideas 
and terse definitions for new words 
which will describe some existing or 
future scientific concept or pheno- 
menon. An example might be 
‘polyfood’'—a food made from, or 
containing, polyunsaturated fats. The 
closing date for entries is October 19. 


ety nrehecuretieteeht aus nnim ste HMRI ATT 





Competition 8 asked for a one- 
sentence slogan for a laboratory, 


types, export prospects remain bleak 
because of its comparatively high 
capital cost and unproven commercial 
record. 


Uranium fix? 

Officials from California’s State Energy 
Commission and Public Utilities Com- 
mission have in the past few weeks 
given the US Department of Justice 
and the Senate Foreign Relations 
Committee copies of documents ob- 
tained by the Australian Friends of the 
Earth (and published in the Australian 
press) apparently revealing the exist- 
ence since 1971 of an international 
cartel to fix the price of free world 
uranium. 

The documents, apparently obtained 
from the files of Mary Kathleen 
Uranium of Australia, are said to con- 
tain references to a meeting in 
Johannesburg in January 1974 attended 
by representatives from Australia, South 
Africa, Canada, France and the 
London-based Rio Tinto Zinc. 

No official comment on the matter 
was available last week from the Jus- 
tice Department in Washington, which 
in July served subpoenas on US and 
Canadian companies in connection 
with its investigations of a price ring, 
or from the Uranium Institute in Lon- 
don, which the documents reportedly 
suggest might have been intended as the 
successor to the Uranium Marketing 
Research Organisation, the name pur- 
portedly used by members of the “club” 
to describe their group. 


Solar energy gathering 

The planning and coordination of the 
international effort to develop solar 
energy was one of the subjects which 
about 150 scientists from more than 50 
countries discussed last week when the 
World Meteorological Organisation 
(WMO) and UNESCO held a sym- 
posium in Geneva. The symposium, a 


sequel to one held in 1973 at UNESCO 


headquarters, also discussed problems, 
both technical and educational, asso- 





business or university. The high 
quality of the entry forced a sharing 
of the £10 prize between Simon Bright 
of Hertfordshire, UK, whose slogan 


ciated with the conversion of solar 
radiation, 


Nuclear exports overseer 
Following the first meeting of the new 
French Government, the Elysée Palace 
last week announced the formation of 
a high-level government council to 
oversee France’s participation in the 
growing international trade in nuclear 
technology. It will “define and co- 
ordinate sales of nuclear techniques 
and products”. 

President Valéry Giscard d’Estaing 
will head the new committee, which 


will also include the new Prime 
Minister, M Raymond Barre, the 
Foreign, Defence, Finance, Industry 


and Foreign Trade ministers, and the 
president of the French Atomic Energy 
Commission (CEA), 

The creation of the new body comes 
after the call from non-aligned states 
at their recent conference in Colombo 
for an oil embargo against France. H 
also follows the row between France 
and the US over the sale of a reprocess- 
ing plant to Pakistan and the con- 
troversy over France’s deal involving 
nuclear plants for South Africa. 

Dr Henry Kissinger is meanwhile 
due to see President Giscard d’Estaing 
in Paris this week for talks which are 
expected to include discussions on 
French nuclear policy. 


Biblis to restart 

The 1,200 MW Biblis nuclear power 
station near Essen, West Germany, 
which was shut down in April after a 
routine check revealed cracks in the 
feed-water container, was expected to 
be back in operation this week, 
according to a spokesman for the 
operating utility RWE. News of the 
fault first emerged in early July, when 
RWE and Kraftwerk Union, which 
built the plant, disclosed the cause of 
the delay. Kraftwerk Union handed 
the twin pressurised water reactors over 
in February last year. 


for British Thornton (or any other 
manufacturer of slide rules) was 
“Slide Rules OK”, and Alan Mellors 
and David Piggins of the University 
of Guelph, Canada, who for the 
Porton Down Bacteriological Re- 
search Establishment offered the 
slogan “Our enthusiasm is infectious”. 
F. A. Smith of the University of 
Adelaide, Australia, receives honor- 
able mention with his suggestion for 
a Forestry Department: “We saw the 
trees for the woog”, 


ee nner, 
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news and views 





Harvesting whale and fish populations 


from Robert M. May 


From August 31 to September 9, the 
Advisory Committee on Marine Re- 
sources of the UN Food and Agricul- 
ture Organization is holding a Scientific 
Consultation on Marine Mammals in 
Bergen. The background papers for the 
meeting make a fair-stzed pile. The 
major findings are summarised in the 
reports of four ad hoc groups, focus- 
ing on large cetaceans, on smell ceta- 
ceans and sirenians, on seals and 
Marine otters, and on ecological and 
general problems. A recurring theme is 
the difficulty of obtaining reliable 
estimates of population density, and of 
transferring estimates of population 
density in ome area to another. For 
example, in reviewing population 
assessments of Antarctic fin whales, 
Gambel (conference document 
“ACMRR/MM/EC/9) observes that the 
International Whaling commission 
(IWC) has agreed on a current propu- 
lation estimate of about 83,000 for this 
species. Gambell notes that this esti- 
Mate rests, inter alia, on a particular 
model, but thet both the model and 
the numerical estimates of its key 
parameters are open to question. More- 
over there appear to have been “sharp 
but erratic declines in the fin whale 
stock indices” in the areas designated 
III and IV by the IWC, and also a 
sharp decline in the catch-per-unit- 
effort in area V; these declines are not 
consistent with the IWC model This 
erratic behaviour is typical of many 
exploited whale and fish populations, 
where the amplitude of population 
fluctuations increases as harvesting 
rates increase, 

In theory and dn practice, a central 
concept in the harvesting of e netural 
poptiation is the maximum sustained 
yield, or MSY. The population may be 
thought of as having some intrinsic 
nett growth rate, dN /dt, which depends 
on the population density, N° at low 
densities, the per capita growth rate is 
relatively high, but the population is 
Hself small, so that initially the overell 
growth rate increases as N increases: at 
high densities, the per capita growth 
rate typically falls, attaining zero when 
N reaches a velue X (the “carrying 
capacity? of the environment), and 


then becoming negative. Increases in 
per caplta fecundity as population 
levels are lowered have been docu- 
mented for several fish and marine 
mammai populations, akhough the 
underlying mechanisms are not always 
well understood. Possible explanations 
include the greater wealth of resources 
in a less crowded environment, and a 
variety of behavioural responses (some 
of which, in gregarious marine mam- 
mals, can stem from the breakdown in 
social organisation attendamt upon the 
removel of dominant males or females). 
The upshot is that the typical plot of 
total poptwation growth as a function 
of population density (dN/dt against 
N) rises from zero at N=0O, attains 
some maximum value at N=M, and 
then declHnes back toward zero at 
N=K, thereafter remaining negative. 
A familiar equation which represents 
this phenomenon is the logistic 
dN/dt=rN (1—N/K), but this is only 
one of many equivalent forms (see for 
example Hok, ACMRR/MM/EC/29) 

In its natural, unharvested state the 
poptation will be around the equi- 
librium value, where recruitment 
balances mortality, at N=K Harvest- 
ing constitutes an additional source of 
mortality, and (provided the harvesting 
Tate ig not too high) the population 
will decrease to some new steady value 
at which ¢he population gains from the 
intrinsic growth rate exactly balance 
the losses due to harvesting. The MSY 
is achieved by harvesting at a rate such 
that the population remains around 
N=M, that is, by harvesting et a rate 
equal ¢o the maximum possible nett 
growth rate. The populetion may be 
thought of as a capital sum in a bank, 
with however the odd property that the 
interest rate depends on the magnitude 
of the sum. For sustained yield, one 
harvests only the interest on the 
capital: and for maximum sustained 
vield ome arranges that the capital sum 
shall be that which generates the 
maximum interest rate. 

Two papers in the collection cal 
attention to shortcomings in overly 
simple notions of MSY, and make im- 
portant extensions to the theory. 

Holt, the convenor of this con- 


ference, gives a catalogue of different 
formulae which have been used to 
describe recruitment curves. He shows 
that, on the one hand, available data 
are rarely of sufficient accuracy to dis- 
criminate among the alternative forms, 
but that, on the other hand, the dif- 
ferent forms can lead to significantly 
different predictions as to MSY. In 
extreme cases, the harvesting rate that 
gives the MSY for one curve (for 
example, a curve skewed to low den- 
stties, such as the Beverton and Holt 
dN/dt = (1 —b)(1— NYN/{N-+ (1 — b) N} 
with b=0 33) can resutt in extinction of 
the population if some other curve in 
fact pertains (for example a curve 


skewed to high demstties, such as the 


Pella and Tomlinson dN/dt=bN(1 —N’) 
with b=0.67). Holt thus cautions 
against the uncritical use of MSY cal- 
culations to set quotas (see ACMRR/ 
MM/SC/61, and also Allen, SC/57, 
and Gulland,SC/82). He recommends 
that a range of different quotas should 
be set for different stocks of the same 
species (in different geographical 
regions), these quotas being set on the 
basis of a spectrum of estimates of the 
state of the stock and the form of its 
recruitment curve; in this way we may 
hope to learn more. 

Hok and the ad hoc group IV 
(ACMRR/MM/SC/5) also note the 
need to incorporate the effects of ran- 
dom enwronmemal variability into 
simple population models. One out- 
come of preliminary explorations in 
this direction (Beddington, personal 
communication) is the suggestion that 
as harvesting rates increase, so too do 
the relative fluctuations in the popula- 
tion magnitude, and in the catch itself. 
This goes some way toward explaining 
an observed property of exploked 
populations, which was noted above. 

Clark (conference document 
ACMRR /MM/SC/65, and also 
Science, 181, 630-634; 1973) makes the 
important observation that the aim of 
most commercial fish and whaling in- 
dustries is not so much to maximise 
sustained yield, as to maximise the 
preser value, PV, of (discounted) nett 
economic revenue. Tio this end, Clark 
takes the sort of considerations used 
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for MSY calculations, and modifies 
them in two ways. First, the harvesting 
costs are subtracted from the harvest, 
itself expressed in money units. Second, 
the present value of the nett economic 
revenue is obtained by integrating over 
all future yields, discounting aft some 
appropriate discount rate, 6 (which will 
usually be of the order of the bank 
interest rate, ĝ= 10-20%). The aim is 
now to maximise PV. Although this 
approach is oversimplified in many 
ways (it neglects fixed capital costs for 
example), it is more realistic than clas- 
sical MSY calculations in that it auto- 


matically incorporates the trade-off 
between short-term and long-term 
benefits. 


Clark then shows that PV is maxi- 
mised by a strategy which initially 
depletes the stock to some predeter- 
mined value, L, and thereafter harvests 
it for sustained yield (keeping N=L). 
His remarks are illustrated by 
numerical calculations for particular 
assumptions on recruitment and cost 
curves, but the conclusions are clearly 
general. Unless we have a combination 
of relatively low discount rate and rela- 
tively high harvesting cost, L will be 
less than the classical MSY point at 
N=M. The MSY approach will, how- 
ever, give a good first approximation 
so long as the discount rate 5 is sig- 
nificantly less than the intrinsic per 
capita rate of population growth, r, 
for the harvested species. Conversely, 
if 5 is greater than, or of the order of, 
r then the sustained population value 
for maximum PV is significantly smal- 
ler than the MSY value: L<M. Clark 
observes that “‘international institutions 
such as the IWC seem to have been 
established on the assumption that the 
economic interests of the industry 
would, if properly channelled, auto- 
matically ensure the conservation of 
the resource”. He emphasises that his 
“analysis indicates that the economic 
incentive for conservation of suth 
resources may be quite minimal, as far 
as the commercial industry is con- 
cerned. The economic values of the 
whaling industry, of course, may not 
coincide with long term economic 
values of society as a whole”. 

If, for the moment, harvesting costs 
are neglected, then a simple but 
rigorous generalisation of Clarke's 
results can be given: maximisation of 
the present value of discounted nett 
economic revenue of a harvested popu- 
lation will permit the population to 
persist if, and only if, the maximum 
per capita population growth rate 
exceeds the discount rate. If not, PV 
is maximised by harvesting to extinc- 
tion. In particular, if the overall popu- 
lation growth curve is logistic, the ratio 
of maximum PV to MSY sustained 
populations is L/M=1—38/r if <r, 
and zero if 8>r. Returning to the 
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American Indians whaling in the 17th century 





image of a fish population as a capital 
sum in a bank, we see that if the fish 
are not capable of an intrinsic per 
capita growth rate in excess of the 
bank interest rate, then we do better 
to turn the entire capital sum—the 
entire fish stock—into real money in a 
real bank. 

For many commercial fisheries in the 
North Sea, r is indeed sufficiently large 
for conventional MSY calculations to 
retain validity as sensible first approxi- 
mations. But for the Antarctic blue 
whale r has ben estimated at around 
5%, which as Clark emphasises is less 
than (or at least well within) the 
normal range of discount rates. Con- 
sequently PV may be maximised by 
fishing such whale species virtually to 
extinction. The policies pursued by the 
whaling industries of countries like 
Japan are not the result of brutal stu- 
pidity, but rather are the optimal solu- 
tions of problems defined in narrowly 
economic terms. 

Returning to the question of har- 
vesting costs, we note that these will 
typically be higher per unit catch at 
lower population densities. Thus it is 
never economically rational to harvest 
the last few animals. There remains the 
worry that this lower economic break- 
point may be below some biological 
threshold population density, where for 
geographical or behavioural reasons the 
population is incapable of maintaining 
itself: ecologists refer to the existence 
of such a threshold as an “Allee 
effect”. No such Allee effect has been 
demonstrated for any marine mammal, 
so that this economic consideration 
may contain one gleam of cheer. 

Clark’s work, which is developed 
further in his book Mathematical Bio- 
economics (Wiley, New York, 1976), 


is very illuminating. It undercuts the 
pious belief that the interests of con- 
servation and industry can march 
together if only the world is seen 
clearly. The conservationist is essen- 
tially a person who does not discount 
the future, a person for whom 
5=0; for the industrialist, 5 is typically 
the prevailing bank interest rate. Their 
interests can thus be fundamentally 
irreconcilable, and no amount of 
methodological sophistication can help. 
The overriding decisions must be quali- 
tative social and political ones, on the 
effective rate at which we discount the 
future of the world. Then, and only 
then, can we usefully employ the tech- 
nical apparatus of MSY, optimum 
present value of discounted economic 
revenue, and the like. L 


Polycyclic aromatic 
carcinogenesis 


from S. Neidle 


OF all the many external agents which 
can induce cancerous growth in animal 
cells, polycyclic aromatic hydrocarbons 
have been the most intensively studied, 
and indeed this topic has for long 
occupied a central position in cancer 
research. Just 200 years ago Pott first 
described the effects of soot and coal 
tar in producing a high incidence of 
scrotal cancer in chimney sweeps—it 
was not until the 1930s that Kenn- 
away and Cook isolated in pure form 
the active chemical carcinogen from 
coal tar and identified it as 
benzo[a]pyrene, a polycyclic aromatic 
molecule with five condensed six- 
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membered rings, and an almost planar 
molecular geometry. Since then a large 
number of analogues both potent and 
inactive have been discovered and/or 
synthesised. 

In spite of considerable research over 
the past two decades, the molecular 
basis of action of these compounds is 
still imperfectly understood, however. 
An initial problem still without a defi- 
nitive answer concerns the cellular tar- 
get of these carcinogens. Both proteins 
and nucleic acids have been implicated 
by various workers; however it is now 
generally agreed that DNA is probably 
the most likely candidate. Certainly, 
binding of carcinogenic polycyclics to 
DNA, albeit at exceedingly low levels, 
has been well established, largely 
through the extensive studies of 
Brookes, Sims and their collaborators. 
At first sight, it is attractive to con- 
ceive of this binding in terms of inter- 
calation between DNA base pairs, as 
occurs with many planar drug mole- 
cules, especially since the hydro- 
carbons themselves are chemically un- 
reactive. However, there is now clear 
evidence that the binding is covalent 
both in vivo and in vitro. Moreover, 
intercalation presupposes a planar mole- 
cular conformation for the substrate, 
and there are several examples of very 
active polycyclic carcinogens which are 
markedly non-planar and therefore 
could not possibly act as intercalators, 
as Glusker, Zacharias and Carrell have 
shown by X-ray crystallography in the 
case of 7-chloromethylbenz [a] anthra- 
cene (Cancer Res., 36, 2428; 1976). An 
alternative hypothesis by Boyland that 
binding involves an intermediate meta- 
bolite, such as an epoxide, has in 
recent years received widespread 
general acceptance, and it is now 
believed that the microsomal ‘mixed- 
function” oxidase system is responsible 
for this metabolic activation into a 
chemically reactive form. 

A region of the polycyclic hydro- 
carbon molecule considered to be of 
likely accessibility to such activation js 
the so-called K-region. Indeed, Grover 
and Sims have shown that K-region 
epoxides do bind to DNA both in vivo 
and in vitro (Ady. Cancer Res.. 18, 
165; 1974), and are more active than 
the parent hydrocarbons. Weinstein. 
Harvey ef al have investigated the in 
vivo binding of such an epoxide, 7.12- 
dimethyIbenz [a] anthracene 5,6-oxide 
to various nucleic acids and synthetic 
homopolynucleotides (Biochemistry, 14, 
3451; 1975) and showed that there was 
a preference for reaction with the 
guanine bases in poly(G) They have 
now followed up this work with an 
elegant characterisation of the four 
major guanosine adducts obtained from 
separation of the hydrolysis products 
from the poly(G)}-hydrocarbon complex 
(Proc. natn, Acad. Sel. U.S.A., 73, 


Sounds volcanic 


from Peter J. Smith 


ACOUSTIC noise from volcanoes must 
have been heard for thousands of 
years; yet sumprisingly perhaps, no 
recordings of volcanic sound appear 
to have been made before the 1950s 
(in Japan). The history of the scien- 
tific study of volcanic noise is not 
quite as short as that would imply, 
however. What were probably the first 
systematic observations were made at 
Vesuvius in 1906 by Perret, who later 
continued his work at Etna, Strom- 
boli, Kilauea, Pelee and elsewhere 
(see Volcanological Observations, 
Carnegie Inst. Wash. Publ. 549, 1950). 
More recemly, Wilcox (in US Geol. 
Sury Bull. 965-D, 1956) has des- 
cribed 11 distinct sounds from Part 
cutia, and Richards (J. geophys. Res., 
68, 919; 1963), in a wider study, has 
correlated different sounds with the 
type of vokanic activity producing 
them. 

But there is more to the study of 
volcanic sound than simply descrip- 
tion and classification. Gorshkov 
(Bull. Volcanol., 23, 141; 1960), for 
example, used miicrobarograph re- 
cords to estimate the energy dis- 
charged to the atmosphere by several 
large eruptions, the largest of which 
was the Kraketoa explosion of 1883 
(8.6X 10” erg). The Shiveluch erup- 
tion of 1965 was rather smaller, with 
omy 1.8x 10% erg of energy emitted 
in air waves; but Gorshkov and Dubik 
(Bull. Volcanol., 34, 261; 1970) were 
eble to take the anelysis of this par- 
ticular event even further. They 
found that only 0.10-0.15 per cent of 
the total kinetic energy derived from 
the eruption was imparted to the at. 
According to their estimate, the total 
energy of eruption was 1.310” erg, 
most of which was transmitted in the 
ejecta as thermal energy. 

A second quant#ative line of 
enquiry derves from the origin of 
the sound. The acoustic noise asso- 


2311, 1976). In all four adducts, linkage 
with the polycyclic aromatic is by way 
of the 2-amino guanine group; two- 
diastereoisomers are linked to the 5 
position of the hydrocarbon, and the 
other two, are similarly linked to the 
6-position. 

However, there is increasing and con- 
vincing evidence that these K-epoxides 
are not the major carcinogenic inter- 
mediates, at least for some hydrocar- 
bons. Thus, Baird et al. have found that 
7-methylbenz[a]anthracene and its K- 
epoxide form significantly different 
RNA-bound products on treatment 
with mouse embryo ceHs in culture 
(Cancer Res., 36, 2306; 1976), although 


clated with volcanic eruptions is, of 
course, due to the flow of gases—in 
particular ¢o the interaction of gases 
with the stationary sides of the vol 
canik vent and to turbulence in the 
gases themselves. So as Woulff and 
McGetchin (Geophys. J., 45, 601; 
1976) point out, anstysis of volcanic 
sound Should provide information 
about volcanic gas behawour in 
general and about the velocky history 
of the gas in particular. 

For example, a theoretical study 
carried out by Woulff and McGetchin 
suggests that three types of acoustic 
radiation from volcanic gas flow are 
possible—monopole, dipole and quad- 
rupole. But the question then arises 
as to which of these occur in practice. 
Unfortunately, observational data are 
sparse; but analysis of recordings of 
the sound associated with fumarole 
activity at Volcan Acatenango, a 
stratovoleano in Guatemala, shows 
that in this particular instance the 
radiatton is predominantly, if not 


emirely, dipolar. Extrapolation of 


this result to other types of volcanic 
activHy is difficult, of course, 
although the little information avaH- 
able suggests that dipolar radiation 
should also be predominant in the 
more violem ‘stromboHan type of 
eruption, et least as long as the gas 
flow is subsonic. 

Evidently quantitative studies of 
volcanic sound are still in their in- 
fancy. If acoustic data are to be trans- 
lated anto absolute gas flow velocities 
it will be necessary to know not only 
the type of radiatton predominant in 
each particular case but elso the con- 
stant of proportionality relating velo- 
city to acoustic power in the power 
law appropriate to that radiation type. 
Again, the latter information is 
largely unavailable et present. As an 
intermediate step, however, there is 
the hope that even incomplete data 
wil allow the elucidation of relative 
changes during an eruptive history 
and thus contribute to an understand- 
ing of eruption dynamics. 





they were unable to actually character- 
ise these products. This is of course not 
surprising, since the extent of in vivo 
binding is low—at most one hydro- 
carbon molecule per 10* nucleotide 
residues. Recently devised techniques 
of extremely sensitive spectrofluori- 
metry have helped in this respect. 
Thus, Daudel et al. (FEBS Lett., 57, 
250; 1975) have been able to compare 
directly spectra of DNA isolated from 
solution-binding with benzo[a]pyrene, 
with those from ¢reated mouse skin as 
well as with spectra from several 
putative metabolite-DNA complexes. 
Their results clearly indicate that the 
K-region 4,5-epoxide is not the species 
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that reacts with DNA, and instead pro- 
vide suggestive, though not conclusive 
evidence that a non-K-region diol-9,10- 
epoxide is primarily implicated in the 
metabolic activation of benzo [a] pyrene. 
Support for this has also come from the 
similar studies of Weinstein ef ai. 
(Biochem. biophys. Res. Commun., 70, 
1172; 1976). Weinstein, Harvey and 
their collaborators have now succeeded 
in isolating and identifying the adducts 
from RNA degradation after in vivo in- 
cubation of benzo[a]pyrene in bovine 
bronchial explants. The intermediate 
is the (I) 78,8a-dihydroxy-9a,10a- 
epoxy-7,8,9,10-4etrahydro derivative, 
that is a aon-K-region diol epoxide, 
with subsequent attachment of the 10 
position to the 2-amino guanine group 
(Science, 193, 592; 1976). This com- 
pound has also been shown by New- 
bold and Brookes (Nature, 261, 53; 
1976) and Sachs et al. (Proc. natn. 
Acad, Sci. U S.A., T3, 607; 1976) to be 
by far the most active mutagen (and 
‘therefore carcinogen) of a range of 
possible benzo[a]pyrene metabolites, 
including the K-epoxide. 

There still remain however, several 
unanswered questions concerning the 
ultimate carcinogenic intermediates 
arising from benzo[a]pyrene, and in- 
deed from polycyclic aromatic hydro- 
carbons in general. Certainly the diol 
epoxide is by no means the only 
reactive intermediate; others remain to 
be isolated and defined. One should 
perhaps add that although there is now 
some evidence that the benzo [a] pyrene 
diol epoxide is an intermediate in other 
tissues and species during hydrocarbon 
binding to DNA, it is not really known 
whether the same is true for binding 
to other cellular macromolecules. 


Nucleic acid 
modification at 


Erlangen 
from Ernest Borek 


An international conference on post- 
transcriptional modification of nuc- 
leic acids, organised by Drs Helga 


and Walter Kersten, was held at the 
University: of Erlangen on July 
19-24, 1976. 


THE field of nucleic acid modification is 
burgeoning, making this a most timely 
meeting. In eukaryotes every species 
of nucleic acid is modified and the 
number of known modifications is 
increasing—six new modifications were 
reported at this meeting. 

W. Kersten (University of Erlangen) 





led a round table discussion on the 
status of tRNA methyltransferases and 
isoaccepting tRNAs in tumour tissue. 
In all tumours, except benign ones, the 
tRNA methyHranferases are altered 
both qualitatively and quantitatively 
compared with their counterparts in 
normal tissue. All tumours examined 
contain novel «soaccepting tRNAs 
some of which are also found in 
embryonic tissue. There is no evidence 
for extensive hypermethylation of bulk 
tRNA isolated from tumour tissue, 
however, but since there are only 
a few tumour-specific isoaccepting 
tRNAs in each tumour, each of these 
purified tRNAs will have to be 
analysed. The extraordinarily high 
turnover of tRNAs in tumour tissue 
has been established recently by reliable 
anadyses of urinary excretion products 
stemming from the breakdown of 
tRNA, determrined at the US National 
Cancer Institute. A normal adult may 
be excreting about 2mg of dimethyl- 
guanosine in his urine per day whereas 
some patients with Burkstt’s lymphoma 
and cancer of the breast may be excret- 
ing as much as 20 mg. If we assume a 
tumour burden of 1-2 pounds per 100- 
pound patient, then [-2% of his 
metabolising machinery may be pro- 
ducing the breakdown product at a 
rate 500% higher than a corresponding 


Curious atom 
from W. T. Toner 


A HYDROGEN-like atom in which 
short-lived elementary particles sub- 
stitute for both the nucleus and the 
orbital electron has been detected 
as the direct product of the decay 
of a third unstable elementary par- 
ticle. Professor Schwartz and his 


coHeagues (Coombes et al., Phys. 
Rev. Lett., 37, 249; 1976) hope that 
a study of this most intriguing 
scientific curiosity will yield new 
information on the properties of 
m and # mesons. 

The parent is the longer lived of 


the two neutral K-mesons, the Kr’ 
which frequently decays into a r 
meson, a # meson and a neutrino. 
In a minute fraction (~10 of 
these decays, the oppositely charged 
mesons are emitted travelling by 
chance in the same direction with 
such similar velocities that they 
remain together long enough to be 
bound by their mutual electrical 
attraction. The bound systems are 
observed after they have passed 
down a long straight channel swept 
clear of charged particles by a mag- 
netic field, in an apparatus which 
detects their charged components 
when the “r-u atoms” are dissoci- 
ated in an aluminium foil. 
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amount of normal tissue. Some un- 
known effect of the tumour on the 
metabolism of the rest of the body can- 
not be excluded. Such a high turnover 
of tRNA has also been demonstrated 
recently in an animal model. 

The significance of these aberrations 
in tumour metabolism is, of course, 
obscure. They may be part of the 
oncogenic process or they may con- 
tribute to the maintenance of the 
morbid condition. In view of the many 
functions and activities of tRNA the 
problem presents an interesting 
challenge. 

Nothing és yet known about methyla- 
tion of DNA in tumour tissue. The 
technology of eukaryotic DNA methyl- 
transferase is still lagging behind the 
rest of the field, because of the im- 
possibility until recently of preparing 
soluble enzymes, and there are still con- 
flicting reports of cofactor require- 
ments. 

Large strides have been made, how- 
ever, in the understanding of rRNA 
modification and processing. J. Dahl- 
berg (University of Wisconsin) identi 
fied some of the “spacer” polynucileo- 
tides between 16S and 23S rRNA genes 
as tRNA genes, two of which have 
been identified as tRNA®™, and 
tRNA"*,. This distribution can account 
for the coordinate control of the trans- 
cription of tRNA and rRNA. R. J. 
Planta (University of Amsterdam) re- 
ported on the species spectficity of 
rRNA modification. The # (pseudouri- 
dine) content of bacteria, yeast and 
human rRNA, per thousand nucleo- 
tides, is 2.5, 8 and 12 respectively. New 
modified nucleosides are st#l turning 
up. Planta has identified a » methylated 
a-amino-e-carboxyl-propy! motety. 
(The latter stems from methionine by 
the elimination of the thiomethyl 
group ) Nishimura had reported earlier 
on the modification of U in tRNA by 
the same fragment of methionine. The 
versatility of S-adenosylmethionme as 
the progenitor of modifications is 
astomshing. 

Nishimura (National Cancer Insti- 
tute, Tokyo) reported his jatest studies 
on the fascinating hypermodified Q 
base which is present, adjacem to the 
anticodon, in several tRNAs of many 
species. What had been thought to be 
an isomer, Q*, is actually a still more 
modified form of it. In Q*, position 4 
of the cyclopentene ring can be con- 
densed with either mannose or galac- 
tose. The method of achieving 
modification of tRNA by the Q base 
is fascinatingly complex. 1972, 
Farkas (University of Tennessee) dis 
covered an enzyme which inserts 
guanine into tRNA®™ of reticulocytes. 
Nishimura has now found a function 
for this “guanine insertase”—it intro- 
duces a guanine to replace the Q base 
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without cleavage of the phosphate 
linkage. Whether an enzyme ¢o reverse 
the structure, “Q insertase’’, also exists 
is not yet known. The complexity of 
these reactions is significant in view of 
the known fluctuation in Q base con- 
tent in Drosophila during metamor- 
phosis, and the elevated content of Q* 
in tumour ¢issue. 

H. Kersten (University of Erlangen) 
reported on the origin of the methyl 
groups in thymine of tRNA in Gram- 
positive organdsms. In all but one out 
of some 20 tested the methyl group is 
synthesised at the macromolecular 
level by way of the folate pathway. In 
all other organisms, includmg mam- 
mals, that methyl group originates 
from S-adenosylmethionine. On the 
other hand, the methyl groups in 
thymine in the rRNA of Gram-positive 
Organisms come from  S-adenosyl- 
methionine. It was pointed out that the 
folate pathway of synthesis must be 
the more primitive since this is the 
origin of the methyl group of thymine 
in DNA. Methylation by enzymes at 
the macromolecular devel is probably a 
later development since it is the method 
used to imprint species individuality on 
DNA and in tRNA. An attempt to 
resolve the paradox of the two path- 
ways for the methyl groups in tRNA 
and rRNA was attempted by W. Ker- 
sten by the suggestion that tRNA is 
more primitive than rRNA. This is an 
interesting suggestion for those in- 
terested in the evolution of biomacro- 
molecules. 

H. Aschoff and W. Kersten (2rlan- 
gen) reported on an  800fold 
pumfication of tRNA 7-G trans- 
methylase from E. coli. Starting with 
kilos of E. coli they obtained a protein 
of 300,000 daltons which produces only 
7-meG in tRNA from B. subtilis ip 
which a G in the extra arm is not 
methylated. This signal achievement 15 
years after their discovery of the trans- 
methylase highlights the difficulty in- 
heremt in purifying these complex 
enzymes. 

One session was devoted to the 
modification of mRNA in eukaryotes. 
This area, too, is becoming increasingly 
complex. For example, D. T. Dubin 
(Rutgers University) has found a 
hitherto unknown “capping” of Sindbis 
Wrus-specific mRNA with an Nr 
dimethyl-7-monomethyl G. 

It is interesting to note the impact of 
Policies of governance of science on 
the particular field covered by the 
meeting. Pre-eminence in the tech- 
nology of tRNA modification has now 
passed from America to Germany and 
Japan, and one reason for this must 
le in the pattern of the granting 
mechanism in the USA since no one 
in his right mind would dare tackle 
such problems on a 2-year NSF grant. 
There have been two international 


conferences on nucleic acid modifica- 
tion in the past 2 years; the first one 
was convened by Italian colleagues and 
the current one by German workers. 
To neher of these conferences was a 
contributor from Great Britain invited, 
which may well be because the MRC 
decided a few years ago that the study 
of modification of nucleic acids should 
have a low priority for support. What 
a pity to exclude the people who 
initiated modern biochemistry from 
tackling one of the most challenging 
problems in the field. O 


Mysterious 
meteorites 


from M. G. Edmunds 


Some forty meteorite chemists and 
astrophysicists met for an inter- 
national four-day workshop on iso- 
topic abundance anomalies organised 
by the Department of Applied 


Mathematics and Astronomy, Uni 
versity College, Cardiff, and held at 
Gregynog Hall on August 10-13, 
1976. 


THe early history of the Solar System 
has always provided ample scope for 
speculation, yet recent experimental 
investigations of the isotopic composi- 
tion of certain meteorites have provided 
even more food for thought. A class of 
meteorites, the carbonaceous chond- 
rites, has traditionally been regarded as 
the best available sample (except for 
some volatile elements) of the material 
out of which the Solar System formed. 
It came as rather a surprise, therefore, 
when work in the past few years 
showed that the relative isotopic 
abundances of particular elements in 
these meteorites are anomalous in that 
they can differ significantly from the 
socalled “cosmic” abundance ratios 
which are based on an amalgam of 
meteoritic, solar spectra and solar wind 
data. The workshop at Gregynog 
evolved into discussion of two major 
topics. The first problem was to sort 
out the experimental evidence to see 
exactly which elements really do show 
isotopic anomalies, and the second was 
to sift through possible theoretical 
mechanisms which could account for 
the origin of these anomalies. The three 
main possibilities examined were: 
chemical fractionation of isotopes 
occurrmg within some region of the 
early solar nebula out of which solid 
Planets condensed: the production of 
particular isotopes in nuclear reactions 
caused by irradiation of the nebula by 












Coated vesicles 
and clathrin 


In a recent squib in these columns, 
Matus suggested that the protein 
molecule, “clathrin”, which forms 
the lattice-like coats around coated 
vesicles (Pearse, J. molec. Biol., 97, 
93; 1975; Proc. natn. Acad. Sei. 
U.S.A., 73, 1255; 1976; Crowther 
et al, J. molec. Biol., 103, 785; 
1976) should be renamed ‘‘cyto- 
nexin”’. His reason for this is that 
E. G. Gray had described a fibrous 
network in presynaptic terminals 
which he called a cytonet (J. Neuro- 
cytol., 1, 363; 1972; Brain Res., 62, 
329; 1973). At that time, Gray 
noted that the bristles on coatéd 
vesicles were indistinguishable (in 
the electron microscope) from the 
surrounding cytoplasmic matrix. As 
Matus states, Gray (J. Neurocytol., 
4, 315; 1975) has since repudiated 
the existence of this cytonet, con- 
cluding that it is an artefact of 
fixation probably arising from the 
precipitation of cytoplasmic pro- 
teins. Despite this, Matus now 
wishes to preserve this cobweb from 
the past and make us believe that 
the cytonet still exists, and that its 
-constituent molecules can be identi- 
fied by electron microscopy as 
clathrin, the molecule of which the 
striking polyhedral coats of coated 
vesicles are made. 
































B. M. F. PEARSE 
M. S. BRETSCHER 











A. I. MATUS REPLIES: Pearse and 
Bretscher complain about my re- 
habilitation of the cytonet on the 
grounds that Gray has repudiated it 
(J. Neurocytol., 4, 315; 1975). How- 
ever in that paper Gray ascribed 
both the cytonet and vesicular coats 
to a fixation artefact. If we are now 
to believe that vesicle coats are a 
genuine feature of the in vivo state, 
as Pearse’s work suggests, then 
Gray’s earlier description of the 
cytonet (J. Neurocytol., 1, 363: 
1972) is also unchallenged. Having 
seen many of Professor Gray’s 
micrographs J have never doubted its 
existence. However, contrary to the 
Suggestion made by Pearse and 
Bretscher I have no desire to make 
anyone believe in the cytonet. I do 
believe that it is important to point 
out an alternative to the restricted 
view afforded by their premature 
neologism for the coat/cytonet 
protein. 
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energetic particles; and the «clusion 
into meteorites of solid grains from out- 
side the Solar System which had con- 
densed in the stellar explosions which 
form elements. The grains could hold 
radioactive atoms and their decay pro- 
ducts, carrying the isotopic anomalies 
from the nucleosynthesis sites, 

It seems that definite anomalies have 
been demonstrated experimentally for 
several volatile elements. Anomalies for 
Ne and Xe are already well established. 
R. N. Clayton (University of Chicago) 
reported compelling evidence that en- 
richments of up to 5% in “O occur, 
with variations within a given meteor- 
ite implying a fine-scale, mineralogic- 
ally-controlled heterogeneity. R. N. 
Clayton and J. Kerridge (University of 
California, Los Angeles) both presented 
arguments for “N anomalies, Kerridge 
concentrating on the fascinating pos- 
sibility that the “N content of lunar 
soil decreases with decreasing age of 
the soil. Among the welter of possible 
mechanisms which were discussed for 
this correlation, the two most promis- 
ing were time variations in either accre- 
tion of interstellar material rich in "N 
(for example from grains formed in 
nova explosions) or in the “N content 
of the solar wind incident on the moon 
and implanted into the soil. 

An analysis of the meteorite 
Arapahoe was reported by F. Podosek 
(Washington University, St Louis), 
showing a ™Xe/'"Xe ratio which is 
only about half that found in younger 
chondrites, the lunar soil or present-day 
solar wind. He argued that the solar 
nebula must have possessed some in- 
homogeneity, perhaps by locking up the 
radioactive precursor of “Xe in dust 
and forming Arapahoe out of a Xe- 
poor gas region. D. D. Clayton (Rice 
University, Texas and University Col- 
lege, Cardiff) was quick to suggest that 
the “*Xe-rich dust could have been 
formed in supernova explosions. This 
idea met considerable opposition, on 
the basis of the argument that super- 
nova-condensed grains would be un- 
likely to give the perfectly normal 
(compared wkh other chondrites) 
pattern of release of iodine gas isotopes 
which is observed when Arapzhoe is 
heated. 

Although anomalies in volatiles seem 
established, the existence of anomalies 
in refractory elements is much more 
doubtful. D. N. Schramm (Enrico 
Fermi Institute, Chicago) reviewed the 
*Mg anomaly measurements, and he 
concluded that there was definite en- 
richment in addition to chemical frac- 
tionation effects. But this was the only 
refractory element for which an 
anomaly seemed to be unambiguously 
demonstrated. Essentially negative 
results were reported by F. Begemann 
(Max-Planck-Institut, Mainz) in 


searches for anomalies in Hg and K, 
and by L. Grossman (University of 
Chicago) for Os. 

Everyone agreed that meteorites are 
rather inhomogeneous’ bodies. R. 
Lewis and B. Srinivasan (University of 
Chicago) gave accounts of the separa- 
tion treatments they have used (with E. 
Anders) to find within meteorites those 
minerals which actually carry the 
anomalous isotopes. One mineral known 
as “Q”, which has been isolated but not 
identified, contains up to 80% of the 
trapped noble gases and 50% of the 
anomalous Xe, although it comprises 
less than 0.1% of the meteoritic mass. 
Anders’ Chicago group prefers the 
interpretation that a volatile super- 
heavy element underwent fission to 
produce the observed Xe anomalies, 
rather than believing that the minerals 
carrying the anomalies represent solid 
material from outside the solar system. 
O. K Manuel (University of Missouri) 
repeatedly pointed out, however, that 
Xe anomalies are correlated with the 
trapped helium and neon content, im- 
plying that some kind of differentiation 
rather than fission has taken place. Evi- 
dence that fission of “Pu has produced 
some of the Xe is fairly strong. K. Marti 
(University of California, La Jolla), P 
Pellas (Orsay) and Podosek, presented 
observations of fission tracks, but the 
number of tracks indicates only a third 
of the fission required to give all the 
trapped Xe It is not clear whether the 
missing tracks have been destroyed, or 
if an alternative source of Xe is 
required. 

Discussion also ranged over theoreti- 
cal models for the condensation of 
solids, both during the formation of the 
planetary system and in explosive 
nucleosynthesis events. Grossman sug- 
gested that a model for the solar 
nebula in which the temperature never 
rose high enough to evaporate all pre- 
existing solids was at least not incon- 
ceivable, and T. Gold (Cornell) pointed 
out that such conditions could well 
hold in a slowly contracting disk of 
material about the Sun. Gold also 
emphasised that a disk could act as a 
“flypaper’” to collect interstellar 
material, and that if the disk lasted for 
an appreciable time then ‘‘extra-solar”’ 
rather than “‘pre-solar’” solid material 
could well be captured. M. Newman 
(Caltech) reported models for accretion 
of interstellar matter by the Sun, but 
such effects were likely to be important 
only if the solar nebula had passed 
through a dense interstellar cloud. 
P. M. Solomon (Stony Brook, New 
York and University College, Cardiff) 
reviewed the evidence for a large part 
of interstellar matter existing in the 
form of a giant dense molecular cloud. 
and N. C. Wickramasinghe (University 
College, Cardiff) reviewed data and 
theories relating to the dust component 
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of interstellar clouds. If a large dense 
cloud were the nursery of the Solar 
System, then accretion effects could be 
important, and be highly relevant to 
composition of meteoritic matter. 

Condensation sequences within the 
different nuclear zones expanded from 
a supernova explosion were described 
by both J. Lattimer (Enrico Fermi 
Institute, Chicago) and S. Ramadurai 
(University College, Cardiff). Such 
equilibrium calculations were recog- 
nised as being necessarily rather un- 
realistic, but did suggest some minerals 
which might be looked for in meteorites 
as signatures of dust formed in explo- 
sive events. It was also recognised that 
the mixing between supernova synthe- 
sis zones remains an important, but un- 
known, process in determining the 
chemical composition of solid products. 

Another possible origin for the iso- 
topic anomalies was briefly discussed, 
the suggestion that a local supernova 
event at the time of formation of the 
Solar System sprinkled the isotopes or 
their radioactive precursors in some in- 
homogeneous way over the condensing 
solar nebula. Even the proponents 
agreed that a model involving nuclear 
reactions from particle irradiation in 
the solar nebula ran into extreme 
energetic difficulties, both in, the total 
amount of energy required and the con- 
voluted shape of the energy spectrum 
necessary to avoid overproduction of 
certain species. Although an extensive 
reaction network reported by S. 
Woosley (University of California, 
Santa Cruz) could reproduce some of 
the anomalies, it certainly could not 
(for example) explain that of "O. 

More experimental data should soon 
be available. The elegant experimental 
techniques of very small scale analysis 
described by M. Maurette (Orsay) and 
his colleagues, showing substructure on 
the scale of 100A in 1-um-sized inclu- 
sions, will be able to give chemical and 
mineralogical information on individ- 
ual inclusions in the meteorites. 
Whether real anomalies exist for any 
non-volatile elements other than Mg 
remains to be seen, but the results of 
searches for Si, Ca, Ti, S and Fe are 
eagerly awaited. 

The workshop provided a very en- 
joyable informal environment for the 
exchange of ideas. The best interpreta- 
tion of the anomalies remains un- 
clear—D. C. Black’s (Geochim. cos 
mochim. Acta., 36, 377; 1972) original 
suggestion of grains from nucleosyn- 
thesis sites has its attractions, and has 
been enthusiastically championed by 
D. D Clayton and F. Hoyle. But this 
model still has some serious difficulties, 
and a lot of detailed mechanism to be 
worked out At any rate, it looks as if 
the isotopic anomalies still have much 
to tell us about how the Solar System 
formed, o 
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of photoelectrochemical energy converters 
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Different PEA of photoelectrochemical energy conversion are discussed. It is shown, by conservative 


estimates o 


the energy losses in such a system, that the available photopotential is smaller than the 
optical bandgap of the semiconductor by at least 1 eV. It is shown t 


t water decomposition using only 


one photosensitive electrode is energetically unfavourable and that, even when two photosensitive 
electrodes, are used, the production of electrical current is to be preferred over that of hydrogen. 





THE idea of converting solar radiation directly into electrical 
onergy by using electrochemical cells, is gaining in popularity*°. 
It is a multidisciplinary field, which covers electrochemistry, 
solid state physics and photochemistry as well as technology and 
economics* °. 

From reviewing the publications in these fields it is clear that 
specialists in one field often are not aware of the implications 
and restrictions of another field. It is therefore our intention to 
discuss in this paper some simple general principles rather than 
to discuss the different aspects in depth as is done in the special- 
ised texts. 


Electrochemical aspects 


If an electrode is immersed into an electrolyte solution con- 
taining a redox couple R/O and is held at a certain potential, 
two reactions occur at the electrode surface: 


(1) The cathodic reaction O-+me+R (e = electron, 
n = reaction valence) 
and 

(2) Theanodicreaction R—-ne+O 


If both reactions are rapid and the electrode is held at the 
equilibrium potential of the couple, a situation is established 
where the concentrations of R and O are equal. At more anodic 
potentials, O will be produced, and vice versa. In the case of a 
slow anodic reaction, for kinetic reasons, however, an anodic 
overpotential has to be applied to produce O, and the same 
applies to R when the cathodic reaction is slow. In cases where 
the cathodic and anodic reactions are one-step processes, we 
May expect the same kinetic barrier to exist for both reactions 
and both to be retarded accordingly, but this need not necessarily 
be so for a multi-stage reaction (see section on energy con- 
version). 

In a photoelectrochemical energy converter, a photoactive 
electrode is connected with a counter electrode, which should 
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be as rapid as possible towards the reaction reverse to the one 
occurring at the photoactive electrode. If the photoactive 
electrode is illuminated, an electrical current may flow for 
two quite distinct reasons: one is photocatalysis and the other 
energy conversion. 


Photocatalysis 


Photocatalysis can occur only when the system is in a state 
such that current flow is thermodynamically possible, but is 
prevented by the kinetics. Such a thermodynamic state may be 
created, for example, if both electrodes are held at a different 
potential either by means of an external power source or by 
keeping anolyte and catholyte at a different composition or 
temperature. Current can be negligibly small under these 
thermodynamically favourable conditions, for example because 
of an overpotential at the photoactive electrode for the 
redox reaction. The kinetic barrier may be lowered by 
illumination leading to an increase in current flow. This current 
flows however because of photocatalysis of an electrochemical 
reaction and without conversion of light into electrical energy. 
Another possibility is that the presence in the solution of a 
material which can react chemically with R or with O, but 
fails to do so for kinetic reasons. Again, illumination may 
lower the kinetic barrier and because R or O is consumed, an 
electrical current will start to flow. In this case we have a 
photocatalysed fuel cell and again no conversion of light into 
electrical energy. 


Energy conversion 


Energy conversion can occur only when illumination changes 
the thermodynamics of the system, and not just the kinetics as 
in the case of photocatalysis. In photocatalysis we lower a 
kinetic barrier and get a decrease of overpotential. In energy 
conversion we change the energy level of one of the components 
of the reacting system and must get an underpotential. This 
means that illumination leads to a situation which in the dark 
is thermodynamically unfavourable. There is an additional 
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Table 1 Currents, potentals and power-output of a TiO, photo- 
electrochemical cell, as a function of the counter electrode 


Short-circuit Open-circuit Maximum 
Counter electrode current potential power 
(uA) (mY) (uW) 
O, bubbling through 
solutton 
Platinum on high 
sutface carbon black 640 760 200 
Platinised platinum 640 760 200 
Smooth platinum 530 670 143 
Without bubbling 
on high 
surface carbon black 640 760 200 
Platinised platinum 580 T20 175 


Smooth platnum 460 640 120 


Electrolyte: 1 N KOH. Light source: 150 W tungsten/lodide. 
(Intensity equivalent to sunlight incident on the cell.) TiO, poly- 
crystalline. Surface: TiO, electrode, 0.75 œm’; counter electrode, 


4 œm’. 


condition, however. Imagine that illumination causes an anodic 
underpotential, which means that O is produced at potentials 
lower than the equilibrium potential. If the cathodic reaction 
is rapid, O will be reduced immediately back to R and no 
current will flow to the counter electrode. The additional 
condition is, therefore, a slow back reaction at the photoactive 
electrode. 


An attractive system is the redox couple O,/H,O, which has ` 


been much studied in connection with the photoactive TiO, 
electrode- 257-1. If a TiO, electrode 1s illuminated with light, 
having an energy larger than its optical bandgap (see below), 
oxygen is evolved at potentials of more than a volt lower than 
the thermodynamic oxygen evolution potential. This does not 
mean however, that in a photoelectrochemical cell with a 
T:O, anode, hydrogen is evolved at the counter electrode. 
According to the principles described here, oxygen, if present, 
will be reduced back to water at the counter electrode. Elec- 
trodes, which have a low overpotential for oxygen reduction 
are known from fuel cell technology and in Table 1 (J.M., G H. 
and D.C., unpublished results) we show how the performance 
of such a photoelectrochemical cell (PEC) can be improved by 
changing the counter electrode. 

The slow back reaction is ensured in this system because 
TiO, shows a large overpotential for oxygen reduction. 

Hydrogen evolution has only been proven in this system by 
either giving a cathodic bias™!° or by having catholyte and 
anolyte of different composition’. In both cases a clear 
distinction has to be made between energy conversion with the 
assistance of light, and energy conversion solely by light. 
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In the next section we shall show that to maximise efficiency, 
overpotentials should be minimised. At the counter electrode 
this can be achieved by the use of electrocatalysts and a high 
surface area, as we have seen. At the photoactive electrode we 
demand a slow back reaction, however, and we have seen that 
for many cases this means that the forward reaction will also 
be slow (leading to a sizeable overpotential). An ideal case 
would be a multistage redox couple, like the O,/H,O system, 
where in principle the forward reaction (oxygen evolution) may 
be fast and the backreaction (oxygen reduction) may be slow. 
This, however, is an exceptional case and redox reactions at 
semiconductor electrodes tend in any case to be slower than at 
metals. The conditions of a slow back reaction at the photoactive 
electrode will therefore, in most cases mean that the overpoten- 
tial of the forward reaction will be appreciable. 


Solid state aspects 


For an understanding of the origin of the photopotential 
generated in a photoelectrochemical cell and to estimate its 
magnitude, it is necessary to understand what is happening in a 
semiconductor when it is brought into contact with an electro- 
lyte solution and subsequently illuminated. The processes 
involved can be illustrated schematically by plots of electron 
energy levels across the semiconductor—electrolyte interface. 
Fig. la shows the energy levels of an n-type semiconductor 
in contact with vacuum. When the semiconductor is immersed 
in an electrolyte solution, containing a redox couple with redox 
potential Erstis the situation as depicted in Fig. 1b will 
result, after thermodynamic equilibrium between the two phases 
is established (that is, the electrochemical potential in both 
phases is equal). [To put the redox potential on the same energy 
scale as that used for the semiconductor, both can be referred 
to the energy level of an electron in vacuo at infinity (Evec). It 
has been shown that E, (redox) in volts = E, (redox) in eV+ 
4.5 eV, that is the energy level for the H+/H, redox couple is 
4.5 eV below?" that of Esec (4.3 eV according to ref. 13). We 
assume here, for simplicity, that surface states do not have a 
role in determining the energetic picture of the electrolyte- 
semiconductor interface, that is, we deal with the so-called 
Schottky case. If they do play a part, they can determine the 
band bending to a greater or lesser extent, independent of the 
electron affinity of the semiconductor.] This equilibrium will be 
reached by the passing of majority carriers (electrons in this case) 
from the semiconductor to the solution, causing a redistribution 
of positive and negative charge carriers at and near the surface 
until the Fermi level of the solid equals the redox potential of 
the solution. Schematically this ts shown by a bending of the 


levels: a, n-type semi- 

n-type semiconductor/ 
electrolyte in the dark: n-type semi- 

conductor/electrolyte, when illuminated. SCL: 
space charge layer; E.: bottom of conduction 
band; £,: top of valence band; : 
level of electron in vacuum; Er: Fermi level; 
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valence and conduction bands towards the semiconductor 
surface, forming the space charge layer. 

Illumination by radiation with energy content more than 
E.—E, (= E, the optical bandgap) leads to charge creation 
and because of the potential difference across the space charge 
layer, majority carriers (electrons in Fig. 1c) move towards the 
bulk of the semiconductor electrode and minority carriers 
(holes in Fig. 1c) towards the electrode surface. This movement 
counteracts the band bending (that is, causes a partial return to 
the charge carrier distribution of Fig. 1a) and creates a new 
situation in which the semiconductor Fermi level 1s no longer 
equal to the redox potential of the electrolyte solution. If now 
the semiconductor electrode is connected with a counter- 
electrode having the properties defined in the previous section, 
a photopotential V is established between the two electrodes, 
which can reach a maximum value of E-(photo)—Ereaex 
(Fig. 2). 








Fig. 2 Schematic ulustration of the photopotential (V) obtained in 
a photoelectrochemical cell. The relative positions of Ep, Er, 
E-({photo) and E, from Fig. 1 are indicated. 


In a working, corrosion-free cell, several kinds of energy 
losses occur which can be estimated, using Fig. 2 as a guide. 
The energy balance can be composed of the following units 


Av = E.—E, = (Ereaex— E,)+(Er— Es photo])+(Ec— Ey) + 
[R+TNet+Np+V (1 


where /R are resistance losses in the system, Ne and np are 
overpotentials at the counter electrode and the photoelectrode, 
respectively. 

We shall now make conservative numerical estimates of the 
different factors involved: 

The difference in energy between the potential of the redox 
couple and the valence band, (Eveex— »), has to be chosen 
equal to or larger than 2. Here À is the reorganisation energy, 
which has been discussed extensively elsewhere!-™*. It has to be 
introduced, because when (Eredex— Ev) <À the possibility exists 
of minortty-carrier (hole, in this case)-injection from the redox 
couple into the semiconductor valence band, which runs counter 
to the effect we are looking for and may also cause corrosion 
of the semiconductor. 

The value of à has been estimated variously between 0.4 and 
0.8 eV1"17 and we shall take it here at 0.4 eV. 

The difference in energy between the Fermi level in vacuo and 
the Ferm: level in contact with electrolyte under illumination, 
(Ey—£,[photo]), has to have a non-zero value in order for 
charge separation to occur. Its allowed value will depend on the 
width of the space charge layer and the lifetime and mobilities 
of the charge carriers. To get practical currents, its value may 
be conservatively estumated at 0.1 eV. 

The difference in energy between the conduction band and 
the Fermi level, (Ec— Ey), may be small, but may also be several 
tenths of an eV (for TiO, it may vary between 0.003 and 
0.1 eV (ref. 18)). 


~ 
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The terms iR and ne can be minimised by practical cell 


‘construction and we estimate their combined values, together 


with that of (Ee— Er) to be 0.1 eV, which is a conservative 
estimate indeed. 

We have shown in the preceding section that n, cannot be 
too small, because of the demand of a slow back reaction and 
because redox reactions at semiconductor electrodes tend to be 
slow. Therefore n, has to be given a larger value and we put it 
at 0.4 eV. 

By substituting these estimates in formula (1), we get 


hv = Ee— E, = V+1 eV (2) 


In other words, the difference between the obtainable photo- 
potential and the optical bandgap of the semiconductor is at 
least 1 eV in a working photoelectrochemical cell. 

This conclusion has some important consequences. (1) If we 
want to use a semiconductor with an optical bandgap, so as to 
give optimal utilisation of solar radiation (~1.4 eV: ref. 17), 
the maximum photopotential attainable will be ~0.4eV. The 
maximum energy obtainable from solar radiation is about 
100 mW cm~*. A PEC converting 10% of this energy would 
produce 10mWcm~!, which at 0.4 Y means a current of 
~25mAcm~*. Such a current makes our estimates for the iR 
and overpotential losses somewhat optimistic. (2) If our aim is 
to decompose water, V has to be >1.23 eV and the optical 
bandgap of the semiconductor electrode > 2.23 eV. Therefore 
to decompose water into H, and O, we have to accept the loss 
of an important part of the solar spectrum (A> 550 nm). It is 
possible to get around this problem by using both an n-type 
semiconductor photoanode and a p-type semiconductor photo- 
cathode, in which case two photopotentials, V. and V. (see 
Fig. 3) are obtained, which are additive™. 
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Fig. 3 A schematic illustration of the photopotental obtainable 
when a combination of a photoactive n-type anode and a 
photoactive p-type cathode is used. 


It is interesting that the water decomposition reaction, which 
occurs naturally in green plant and algal photosynthesis using 
chlorophyll, also requires two light quanta to obtain the 
necessary electrochemical potential difference, and that of the 
light input of 1.8 eV of each quantum, only 1 eV is utilised for 
the generation of an electrochemical potential difference™. 

Most of the photoelectrochemical cell systems described 
are complicated by corrosion problems and its prevention is one 
of the most difficult obstacles to practical realisation of this 
system. The Cd-chalkcogenide based cell, in which the corrosion 
problem is circumvented by the use of the S/S*~ redox couple, 
shows great promise in this respect**™. 


Corrosion 


It is clear that the electrodes and the redox couple must be 
entirely stable in the environment of the electrolyte used. There 
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is however an additional phenomenon, that of corrosion under 
the influence of light. With CdS the S°- ions are oxidised to 
sulphur and with ZnO the O'- ions are oxidised to oxygen and 
the Zn** ions pass into the solution™’*, This means that both 
photoactive anodes are not stable towards the strong oxidising 
conditions which exist at their surfaces during illumination. On 
the other hand, TiO, has been shown to be stable under these 
conditions, as has WO, (ref. 26) and Ta,O, (ref. 27). Both 
cadmium and zinc have only one stable valence state, whereas 
titanium, tungsten and tantalum are stable in several valence 
states. It may be, therefore, that one way to obtain stability 


against photocorrosion in these conditions is by the presence _ 


of ions in the semiconductor which can accommodate several 
valence states. 


Photochemical aspects | 

Problems connected with the heterogeneity of solar radiation 
have been extensively eee chewhere and need not be 
dealt with here”. 

One has to realise RUNEN that for reasonable conversion 
efficiency, the light has to be absorbed within the space 
charge layer, where the necessary potential gradient exists for 
charge separation to occur. For a material having a decadic 
absorption coefficient a, 90% of the incident radiation will be 
absorbed in a ~- of thickness . 


= l/a (ai in cm7!) 


A value for a of 10—10 cm™ is typical of many semicon: 
ductors in the strongly absorbing range (both TiO, and Ta,O, 
have exceptionally high absorption coefficients close to 108 cm) 
and this would demand a thickness of the space charge 
layer of about 102-104 A. To minimise ohmic losses, we should 
like to make the semiconductor electrode as conductive as 
possible. As the.space charge layer narrows with increasing 
conductivity, it can easily reach a stage, at which most of the 
light passes the space charge layer, with a resultant decrease 
in conversion efficiency. 


Technological and economic aspects 


The terms photoelectric energy storage and photoelectric energy 
conversion are sometimes confused. , 

A photoelectric energy converter produces electrical energy 
under illumination and does not store it unless specific storage 
electrodes can be used**. As long as energy production by such a 
device is small, compared with the overall use of electricity, the 
electrical current produced can be fed directly into the existing 
distribution system. This will save fuel, but the capacity of 
alternative generating capacity will have to remain the same to 
prevent serious shortages on Cloudy days. With. the increasing 
emphasis on the use of nuclear energy, fuel saving will become 
less important, since fuel costs in a nuclear power station are 
much smaller than those in a conventional station. Better and 
cheaper means of storing electricity, however, remain desirable, 
and hence the practical importance of photoelectrochemical 
decomposition of water into hydrogen and oxygen. 

Woe have shown that to achieve this with the use of only the 
photoactive electrode is very inefficient, (no examples have as 
yet been given in the literature to show that this is feasible 
without adding energy to the system’). It must be kept in 
mind that if hydrogen can be produced by the use of a photo- 
active anode and a reversible counter electrode, most of the 
energy from hydrogen production can be converted into 
electrical energy by the use of an oxygen cathode. Fuel cell 
technology has produced oxygen cathodes with low overpoten- 
tials for oxygen reduction under the conditions of low current 
density which invariably will exist in a solar energy device which 
does not concentrate the sunlight. i 

Electrical current may be transported to a central dicio 
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plant, which converts water into hydrogen and oxygen at a high 
efficiency (90% has been claimed?’). This has to be carefully 
weighed against the intrinsic lower efficiency of hydrogen 
production and the appreciable technological difficulties in 
transporting small quantities of hydrogen (70 ml of hydrogen 
per (mA cm) per min per m? of electrode area) kakfree to a 
central container. If a combination of an n-type and p-type 
semiconductor is used, both have to exposed to sunlight. This 
is only attractive when both photoactive electrodes work at 
about the same efficiency. If one of the two is appreciably more 
efficient, it is again more favourable to use the most efficient 
electrode for electricity production alone and to produce the 
hydrogen in a central electrolysis plant. The only way out of 
this dilemma would be to use one electrode which absorbs one 
part of the solar spectrum and positioning it in front of another 
electrode, which responds to the radiation which has passed 
the first one. 

It seems therefore that the technological prospects of photo- 
electrochemical decomposition of water are rather dim because 
there is always the alternative of producing electrical current 
instead at a higher efficiency and using the current for electro- 
lysis of water in a central plant. 


Advantages of photoelectrochemical cells 


In the above discussion several inherent disadvantages of the 
photoelectrochemical cell have been emphasised, which may be 
less severe for dry photovoltaic devices. There are several 
arguments however, in favour of pursuing research and develop- 
ment of the photoelectrochemical cell. It has been shown that 
high efficiency can be obtained, using a thin polycrystalline 
semiconductor surface. This is because of the much better 
contact obtained between a polycrystalline solid and a liquid 
than is possible between two polycrystalline solids, and the 
“single crystal barrier”, which is often used as an argument 
against cheap solid-state solar cells, does not have to be over- 
come here. Therefore the production cost of a photoelectro- 
chemical cell can be considerably less than that of dry cells. 
“Cost” does not only mean the money to be paid, but also the 
energy-input in production. By mass-production techniques it 
will certainly be possible to decrease the cost in terms of money 
of dry photovoltaic cells, but it is much more difficult to bring 
down the cost in terms of energy and it.is in this respect that the 
photoelectrochemical cell has a chance to compete with dry 
photovoltaic devices. 
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y-ray bursts from thermonuclear 
explosions on neutron stars 


S. E. Woosley & Ronald E. Taam 


Lick Observatory, Board of Studies in Astronomy and Astrophysics, University of California, Santa Cruz, California 95064 





It is proposed that y-ray bursts originate from carbon 
detonations initiated by the accretion of matter on to the 
surface of a neutron star. The observations are interpreted 
in terms of this theory. Possible implications for the nuclear 
powered model of giant X-ray pulses are discussed briefly. 


ae 


Moke than three years have now elapsed since the first published 
report of cosmic y-ray bursts by Klebesadel er a/.1, but in spite 
of continuous monitoring and observation™? the astrophysical 
origin of these phenomena still remains enigmatic. Briefly, 
the dominant characteristics of the observed bursts are: 

(1) Total durations of ~ 1-10 s with significant time structure 
on scales as short as 16 ms. 

(2) Integrated burst energies at the earth of 10-10 erg 
cm~? for events which occur ~ 10 times per yr, with some 
evidence for more frequent less energetic bursts of ~ 107 erg 
cm ~* occurring perhaps several times per d (refs 3, 5). 

(3) An energy spectrum that can be represented by an 
exponential from 100 to 400 keV tangent to a power law at 
higher energies?. The spectrum seems typical of a cooling 
black body of a temperature ~ 2x 10° K (ref 6). 

(4) The distribution of energetic sources seems to be crudely 
isotropic and uncorrelated with the observed strong X-ray 
sources, although Cyg X-1 is a possible exception’. 

The short time scale structure of these bursts suggests that 
they originate from a comapct object’, and the spectrum indi- 
cates a possible thermal source. We propose that the observed 
bursts are produced on the surfaces of neutron stars as a result 
of violent thermonuclear runaways initiated in accreted nuclear 
fuels Attention is focused on the onset of carbon burning 
which we find, for reasonable choices of parameters, occurs in 
conditions that are very degenerate and potentially quite 
explosive. These same conditions have previously been found 
to result in the detonation of carbon in the core of highly 
evolved stars and have been investigated as a possible mechanism 
for the supernova phenomenon®-!¥, Such detonations are 
characterised by very short time scales and multibillion degree 
temperatures. Here, by using the gravitational potential well 
of a neutron star, we find that similar behaviour can occur for 
critical carbon masses of only 10%? g as opposed to the 1.4Mo 
usually required for a detonation initiated by self-gravitation. 


The model 


Consider a 1.4Mo neutron star of radius 10 km accreting 
a 

hydrogen and helium at 10-"Mo yr-. An accretion rate of 

ed exer might be realised by a Roche lobe overflow of 

main sequence companion or perhaps by a single 

neutron star in a very dense cloud or nebula. This a 

would not appear as a strong X-ray source, and, because of 


the softness of the resulting spectrum?‘, might be difficult to 
detect at a distance of, say, 1 kpc. It will turn out that accretion 
rates of roughly this magnitude are required since the proposed 
detonation does not seem likely for markedly different values. 

If the host neutron star has a strong magnetic field, the 
material is not accreted in a spherically symmetric manner, but 
instead accumulates in polar caps of ~ 10° cm’ or ~ 0.1% 
of the surface area‘, Initially any nuclear reactions that occur 
in this matter act only to strip down nuclei and fragment them. 
As additional material is accreted, however, compression occurs 
and nuclear fusion reactions, enhanced by electron screening, 
commence. Hydrogen burns to helium’?* and helium to carbon 
and oxygen!’. These burning phases may become unstable, but, 
whatever the outcome, it is clear that little material escapes 
the gravitational field of the neutron star. Hansen and Van 
Horn” have found that the density of the helium~-burning shell 
on a neutron star is ~10* g cm~*. Thus one expects that the 
carbon formed by this burning will be relativistically degenerate. 
Because of the high conductivity of degenerate matter, the 
carbon will be maintained at a temperature close to that of the 
helium-burning shell. For the assumed accretion rate and 
goometry one can use the Hansen and Van Horn calculations 
of nuclear fusion on neutron stars to obtain an estimate for 
this temperature of ~ 4x 10° K (Note that, in terms of accretion 
per unit area, M = 107 Mo yr™ on the poles is equivalent 
to a uniform global rate of M œ~ 5x 10~-* Mo yr.) 

It is of some interest to examine the state of this carbon 
layer after 4x 10:3 of matter has accumulated: the density 
at the base of the carbon shell will then be p, ~ 2x 10° g cm™ 
(calculated from the equation of hydrostatic equilibrium with 
pressure support from degenerate electrons). This shell of 
carbon, ~ 50 m thick, is capped by 1 or 2-m layers of hydrogen 
and helium containing ~ 10% and ~ 10!" g respectively, both 
with active burning shells. Before reaching this density, the 
carbon layer is cooled by neutrino emission, with maximal losses 
in the regions of highest density. A positive temperature 
gradient will develop, so that conduction acts to heat the dense 
carbon rather than cool it. Once a density of ~ 10° g cm™ 
is reached, however, the plasma neutrino losses become rather 
suddenly leas effective in cooling, and at a density ~ 2x 10° g 
cm~? the nuclear energy generation from carbon burning domi- 
nates the neutrino losses. Any increase in density above this 
value leads to a nuclear runaway**)”. Because of the high degree 
of degeneracy, low specific heat, and extreme temperature 
sensitivity of the carbon-burning reaction the runaway will be 
quite violent. In the carbon-detonation supernova model, 
carbon ignites at temperatures and densities almost identical to 
those described here, and one achieves temperatures > 5x 10°K 
and nuclear burning time scales (once a significant amount of 
carbon has burned) of ~ 1 ms (ref. 8). Not only does carbon 
burn, but also oxygen and their products as well. Here one 
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expects the entire layer of carbon to burn on a very short time 
scale either through a series of carbon flashes}? or by the forma- 
tion and propagation of a detonation wave. If a detonation 
wave propagates the relevant time scale is < 1 ms. Ultimately, 
species in the iron group are produced and 7.6 10" erg g7! 
of nuclear energy is liberated. Thus in the case of the model 
neutron star discussed here, complete combustion of all 
available carbon releases 3 x 10” erg. This energy is dissipated 
through neutrino processes, conduction, convection, and the 
expansion of the neutron star atmosphere. But unlike the 
case of a supernova, which it otherwise so closely resembles, 
the expansion that results from an explosion on a neutron star 
is negligible. The total energy generated by the explosion is 
only ~ 0.5% of the gravitational binding energy of the carbon. 
Moreover, any energy that goes into expansion is immediately 
regained on a time scale ~10~* s as the material is pulled back 
by gravity. Thus, the only immediate result of a carbon detona- 
tion in this case is to heat material to a very high temperature. 

The relevant time scales at this point become very difficult 
to estimate especially without a detailed numerical model. 
The incandescent carbon will cool by emitting neutrinos, 
by conduction to the core and surface, and by convection. 
The conductivity of the hot carbon (T ~ 5x10 K) is not as 
high as it was before the explosion (since Kua <7"). We 
estimate the thermal relaxation time scale for the 50 m of 
carbon to be ~ 10?-10*s if cooling occurs by conduction alone, 
but this is an overestimate since convection will undoubtedly 
have an important role. Even with a detailed numerical model 
the physics of convection in a relativistically degenerate electron 
gas permeated by a 10'*-gauss magnetic field would be very 
uncertain. All one can say at this point is that a cooling time scale 
of a few seconds does not seem unreasonable. 

The emission from the stellar surface may also have an un- 
usual character. As mentioned previously, the layers of hydro- 
gen and helium capping the carbon are very thin, and contain 
only ~ 10~* of the mass of the exploding carbon. It appears 
very likely that instabilities and convective overshoot will 
develop so that hot blobs of burning carbon will break through 
the surface of the neutron star. There incandescent blobs 
having temperatures of several billion degrees and dimensions 
perhaps of several metres will cool by emitting neutrinos and 
y rays in times < 1s. Additional temporal! structure may result 
if the neutron star is an oblique rotator with rotation period 
leas than the cooling time. 


Comparison with observations 


How do these results compare with the observations? The 
spectrum, following the above discussion, is that of a rapidly 
cooling multibillion degree black body, and the short time scale 
structure in the observed bursts relates to the cooling times 
of these smal] hot convective blobs. If one assumes that only 
10% of the available energy is radiated in this form, the total 
photon energy is ~ 5x10™ erg. At a distance of 1 kpc this 
would give rise to an integrated flux at the Earth of ~ 3x10 
erg cm~? in good agreement with observations. 

How many such objects would exist within 1 kpc of the Earth? 
Various arguments involving nucleosynthesis, supernova rates, 
and pulsar statistics suggest that there are ~ 3x 10* neutron 
stars in the entire Galaxy. If these are distributed uniformly 
throughout the Galaxy with a scale height < 1 kpc above the 
galactic plane one can expect ~ 10* neutron stars within 1 kpc 
of the Earth. Of these, perhaps 1% are in binaries. What 
fraction of the binaries are currently accreting mass at the 
required rate? This is connected with the mode of mass transfer 
which could be either a stellar wind, or Roche lobe overflow. 
If the former is the case, the mass transfer rate from the com- 
panion must be 2 100 times the accretion rate, since the 
neutron star subtends a small solid angle. This suggests that 
the mass loss rate from the companion is ~ 10-*Mo yr- 
which is typical for supergiant stars (M > 20Mo). However 
the duration of this mass transfer phase is < 10* yr (ref. 18). 
One then expects 10* x0.01 x 10°* <1 object at this phase 
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of evolution. Clearly this is not in accord with the observations. 
If one considers Roche lobe overflow, a mass loss rate of 
10-“Mo yr might be typical for a main sequence star less 
massive than the neutron star transferring mass on a nuclear 
time scale. One would then expect 10°«0.01 x (0.01-0.1) 
~ (100-1,000) objects. If the neutron star was formed by a 
type IT supernova, there would be some doubt as to whether 
the ‘desired’ system would remain bound. For progenitor 
masses > 4Mo (believed to be a probable lower limit) the 
binary would probably disrupt since the amount of mass loss 
in the supernova explosion would be > half the total mass of 
the initial system?*. These arguments preclude the existence of 
y-ray burst sources as evolving from type IT supernovae. 
It is, however, not implausible that the systems could have 
evolved from type I supernovae (as, for example, may occur 
in cataclysmic variable systems)™. Accepting the above con- 
clusion, one might expect the sources to be confined to the 
galactic plane, since the progenitors of the type I supernovae 
are believed to be old stars in the stellar disk. After the supernova 
explosion, however, there would probably be a random dis- 
tribution of systems reflecting the randomness in the initial 
orientation of the binary orbits. Since these neutron stars could 
have been given high peculiar velocities and were produced as 
long as a billion years ago, a scale height of 1 kpc is not un- 
reasonable. Thus we conclude, admittedly with a great deal of 
uncertainty, that 100 such objects could currently be active 
within 1 kpc of the Earth. Since a critical mass of carbon will 
accrete every year (giving rise to the possibility of repeated 
bursts from the same location) the number of events with an 
integrated flux in the range 10-*-10‘erg cm~* would be ~ 
100 yr—. Even allowing for many events that go undetected 
this satisfies the observed frequency requirements. The large 
scale heights of these objects above the galactic plane would also 
result in a roughly isotropic distribution for the strong events. 
At lower energies one might begin to see some association 
with the galactic disk depending on the actual scale heights 
involved. We would predict roughly 100 events per d having 
total integrated flux > 10-’ ergcm™*. a 

What is the fate of neutron stars that accrete at rates differing 
markedly from 10-!°Mo yr? While there may be interesting 
activity associated with semi-degenerate shell flashes in such 
stars, we do not envision 1*C detonation as occurring. For a 
very low accretion rate, M < 10°UMo yr“, the energy 
generation rate from carbon burning is so slow that a runaway 
cannot occur even when nuclear energy generation exceeds 
neutrino losses. Electron conductivity is very efficient in such 
cases and using the criterion of Giannone and Weigert’’ it 
seems that no runaway occurs. Instead, the carbon and oxygen 
are neutronised at p~ 2 x 10” g cm™. We note, however, 
that a very uncertain electron screening factor has a dominant 
role in this statement. For much larger accretion rates, M> 10 
Mo yr™ (for the assumed geometry), the temperature of the 
helium-burning shell approaches 10°K (ref. 16) so that carbon 
can ignite before becoming extremely degenerate and a detona- 
tion will not ensue. In this regard, the accretion rate plays a 
similar role to that of the mass of the star in ordinary stellar 
evolution. It is well known that a massive star, Mz 10Mo, 
will ignite carbon in its core non-degenerately, whereas in 
a less massive star, carbon will ignite explosively in highly 
degenerate conditions™. 


Giant X-ray pulses? 

We note finally the possible relationship of the above model 
for y- ray burst production to the recently observed giant X-ray 
pulses (see discussions in ref. 22). Although the observations 
are difficult to interpret at this early stage we feel that two 
categories of X-ray bursts are being observed: aperiodic 
(without periodicity) and quasi-periodic. We believe, in 
agreement with W. D. Evans, R. D. Brian and J. P. Conner (un- 
published), that the aperiodic bursts are the soft energy tails of 
the spectra of distant y-ray burst sources. In the preceding sec- 
tion it was suggested that a plausible number of such distant 
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outbursts for our Galaxy was ~ 100 d—. The distribution of 
these bursts should correlate with the galactic plane and might 
have a tendency to peak towards the galactic centre where the 
spatial density of neutron stars is expected to be higher. 

The quasi-periodic sources pose a greater problem. Periodici- 
ties as short as ~ 158 have been observed which rule out 
any model based on carbon detonation. In fact, unless the 
neutron star can somehow act as a storage battery, a simple 
calculation shows that bursts with periods of < 30sand durations 
of 1 s cannot be seen above the steady-state accretion luminosity 
for any nuclear powered model. This follows from the fact that 
gravitational accretion liberates 10-20°% of the rest mass 
energy of the accreted material while all subsequent nuclear 
reactions generate < 0.7%. Thus even if hydrogen explodes 
and produces X rays with 100% efficiency the 15-s observations 
are very difficult to interpret in terms of a flash that burns only 
the material accr>téd during the interflash period. We believe, 
however, that these rapid pulses can result from a series of 
helium (and perhaps carbon) shell flashes occurring in semi- 
degenerate material with a total mass ~ 10%? g that has accreted 
over a period of time that is long compared with the interflash 
period. (Admittedly, it might be difficult to accumulate 1032 g 
without the nuclear burning having already occurred.) The 
neutron star stores the potential nuclear energy for a time 
during which its entire output is from the release of gravitational 
energy and then liberates it in a series of rapid flashes. More 
violent flashes may heat up the material to such an extent that 
the diffusion of energy outwards (and hence the return to an 
unstable configuration) takes longer than for weaker flashes. 
The fact that the time between bursts is longer for the more 
energetic bursts is an observed attribute of certain X-ray burst 
sources™. Clearly a large range and diversity of nuclear outbursts 
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of various energies and time scales are possible for the possible 
spread of accretion rates, neutron star masses, and magnetic 
field configurations. The subject is ripe for continuing experi- 
mental investigations and serious theoretical! examination, and 
hopefully this somewhat speculative paper will encourage 
both. We especially urge that known y-ray burst sites be con- 
tinously monitored for giant X-ray pulses and vice versa. 

This research was sponsored by Faculty Research Funds 
granted by the University of California, Santa Cruz and by a 
grant from the NSF. 
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Tritium inventories are given for the Pacific Ocean from 
JEN to 60°S. As expected, the highest inventories are found 
north of 20°N. Inventories drop rapidly from 20°N to 10°N. 
From 10°N southwards, inventories in the top 500 m are 
essentially constant. From these data, it is calculated that 
107421 kg of tritium were present in the Pacific Ocean in 
1970. A total of ~ 3004-80 kg of tritium was present on the 
Earth's surface in 1970. This indicates that 550+. 160 kg of 
tritium have been produced by nuclear detonations. It is 
estimated that 62% of the tritium in the Pacific Ocean was 
added through molecular exchange, 5° through runoff from 
the continents, and 33%, as precipitation. 

ne 
TRITIUM (f, = 12.3 yr) is present on the Earth’s surface mainly 
as HTO. The only significant natural sources are cosmic rays 
passing through the Earth’s atmosphere and possibly accretion 
from the solar wind An equilibrium quantity of ~3.5 kg is 
present from these sources!. Another source of tritium is the 
nuclear reactor. This source has some effect on the content of 
atmospheric hydrogen, but accounts for Only minor amounts 
of HTO*?. The major source of the tritium now present onthe 
Farth has been the detonation of fusion bombs. The amount 


of tritium produced by nuclear explosionsis about two ordersof 
magnitude higher than that produced by all the other sources. 
Estimates of the amount have varied from 800 kg (ref. 4) 
to 200 kg (ref. 5). 

Most tritium has been deposited in the world’s oceans by one 
of three processes: precipitation as rain or snow, runoff from 
the continents, or molecular exchange. Precipitation has been 
monitored in detail by the International Atomic Energy Agency 
and continental runoff is small in comparison. The amount of 
tritium added through molecular exchange is not well known!~!°. 

The La Jolla Tritium Laboratory has studied and used tritium 
as an oceanographic and geochemical tracer since the late 
1950s. From 1968 to 1972, several series of depth profiles from 
various locations in the Pacific Ocean were analysed for tritium 
(Fig. 1). The oceanographic implications have been discussed 
elsewhere", but here we use the observations to study geo- 
chemical problems such as molecular exchange and tritium 
inventories. 


Concentrations in top 500 m of ocean 

Table 1 lists inventories of tritium expressed as numbers of 
atoms km~? in the top 500 m at various profile stations. The 
500-m surface layer is used. Tritium below that depth, if present 
in at all measurable quantities, is brought in by lateral flow 





Inven 

Cruise Year Position (10 atoms km ~-*) 
Seven Tow 1970 50°52'N 171°31 W 23.4 
Seven Tow 1970 44°59 N 167°O8’W 32.0 
OSN 1972-73 30°N 140°W 29.7 
Seven Tow 1970 28°O1‘N 156°O1’W 21.0 
La Pared 1965 2T°44'N 118°O3’W 14.5 
Seven Tow 1970 22°49 N 157°12°W 29.4 
La Pared 1965 21°00'N 119°14 W 13.8 
La Pared 1965 19°28’N 116°O2’W 10.3 
Seven Tow 1970 18°OO'N 169°O1/W 25.4 
Scan 1969 15°22’N 169°33 W 23.1 
Seven Tow 1970 13°47 N 166°40 W 15.6 
South Tow 1972 10°18’N 123°10°W 2.4 
Scan 1969 9°58'N 151°31’E 6.3 
Scan 1969 9°30'N 166°31’E 4.6 
Scan 1969 9°20'N 179°56'E 5.6 
Seven Tow 1970 8°55 N 158°35’W 5.6 
South Tow 1972 5°1F'N 124°32°W 5.0 
Seven Tow 1970 3°13’"N 164°48’W 6.6 
South Tow 1972 0°28°N 125°31/W 4.6 
South Tow 1972 4°59°S 126°25’W 2.7 
South Tow 1972 959S 127°22’W 3.1 
South Tow 1972 29°27'S 144°40°W 4.4 
South Tow 1972 39°45’S 137°58’W 3.2 
South Tow 1972 93°06’W 6 
South Tow 1972 50°57S 118°47°W 2.5 

tanin 1972 54°07’S_ 172°55'E 3.9 
Eltanin 1972 59°37S 171°13’E 2.8 





from polar latitudes and is not a result of surface input at the 
station. 

Some profiles do not go as far as 500 m down. In some of 
these cases, reasonable estimates can be obtained if tritium 
concentrations decrease rapidly with depth. In no case should 
the error from these estimates exceed 10%. In some cases no 
estimates were possible and inventories are not given for those 
stations (see ref. 12 for the complete listing of data), 


a 


Correlation of data with latitude 


Figure 2 shows a plot of tritium inventory against latitude. 
Trittum inventories are relatively constant from the subarctic 
Pacific to ~20°N, but further south they start to show a 
marked decrease. A minimum is reached at ~10°N, and 
throughout the Southern Hemisphere they are almost constant. 
Inventories are highest at northern latitudes because of the 
spring leak phenomenon?*, which results in a large input of 
tritium into the oceans from 30°N to 60°N. Oceanographic 
factors also affect the tritium distribution; tritium isolines and 
density isolines show strong correlations". Density isolines 
start rising sharply south of 20°N and rise closest to the surface 
at 10°N. Tritium isolines show the same trend and a minimum 
in tritium inventories is found around 10°N. 

Inventories for tritium below 500 m are significant only in 
the Southern Hemisphere. For the latitudes of 30°S to 50°S, 
inventories for below 500 m are approximately as large as for 
above 500 m (refs 12, 14). In the north, the tritium present 
below 500 m is negligible as a fraction of the total. 

As these data cover most of the Pacific Ocean from North to 
South, it is possible to estimate the tritium burden of that 
ocean. All inventories are age corrected to 1970. The inventory 
is calculated assuming that the tritium inventory is constant to 
+20% over a given latitude band. Only in the extreme east at 
10°N does a large deviation occur. Carbon-14 values are also 
lower in the equatorial eastern Pacific as a result of upwelling 
and influx-of water from the South Pacific. There are two 
tritium profiles available from a GEOSECS station at 28.5°N 
(refs 16 and 17). These profiles have an average tritium: io- 
ventory similar to profiles at equivalent latitudes presented here. 

Michel and Suess have noted that surface tritium distributions 
have an east-west asymmetry with highest values in the east”. 
Also, caesitum-137 determinations have shown that this 
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radioisotope is mixed deeper in the west and this dilutes its 
surface concentration!**, and, although vertical distributions 
vary, inventories seem not to be significantly different. The 
assumption of a constant inventory on an E-W line can be 
assumed to be correct within ~ +20 %. 

At 28°N, one Seven Tow profile had a low inventory com- 
pared to other profiles near it. A profile taken near the same 
position 4 months later showed a completely different distri- 
bution, so the profile at 28°N has been deleted from calculations. 


Total inventories 


In Table 2, the inventories of tritium at various ranges of lati- 
tudes are given for the Pacific Ocean. The inventories include 
tritium below 500 m as well as in the top 500 m. It is assumed 
the tritium content of the deep water is negligible’ 1’, A total of 
107+21 kg was found to be present in the Pacific in 1970, 
with > 80% of the tritium present in the North Pacific. 


Table 2 Pacific Ocean tritium inventory (1970) 


Number of 
T atoms 

Lattude (10%km~*) km'x10 Quantity of T (g) 

< 30°N 32 30 48,000 
30°N-20°N 30 14.6 21,000 
20°N-10°N 15 16.6 12,500 
10°N-0° 5 20.1 5,000 

0°-30°S 4 49.8 10,000 
30°S—50°S 5.8 26.6 

< 5S 3 


; 7,700 
19 l 
Total 107.008 421.000 g 


Some idea of the total tritium present on the surface of the 
Earth can be obtained from these data and data of other 
researchers on tritium in other large bodies of water!+™—13, 
Most other work has been on the North Atlantic. The Atlantic 
north of 30°N has a consistently higher tritium inventory per 
square kilometre than the Pacific. South of 30°N inventories 
are similar. In calculating total inventories, the Atlantic is 
found to have an inventory 1.6 times as large as the Pacific, 
north of 30°N, and equal to the Pacific south of 30°N. Measure- 
ments are very sparse in the South Atlantic and inventories are 
assumed to be similar to those in the South Pacific at similar 
latitudes. 

No tritium data are available from the Indian Ocean. It is 
assumed that inventories in the Indian Ocean are similar to 
those of the Pacific at similar latitudes. Most of the Indian 
Ocean surface area is south of the Equator where the tritium 
concentrations are low. Thus, the error in estimating the 
Indian Ocean inventory is small in terms of the total inventory. 
The Arctic Ocean inventory is calculated entirely on the basis 
of input by precipitation derived from the data of Schell and 
Sauzay™. Any input into the Arctic by molecular exchange 
should be small, as ice cover inhibits this process (R. Weiss, 
personal communication). Therefore it seems that the total 
trittum in the world’s oceans is 250 +50 kg (Table 3). 


Continental trithum 


A small fraction of the Earth’s water supply is found in the 
active freshwater bodies of the continental land masses. 





Table 3 World inventory of tritum (1970) 


Pacific Ocean 107 
Athantic Ocean 120 

Indian Ocean 20 

Acttic Ocean 6 
Worlds Oceans’ Total 250150 kg 
Land water er = 
Air and HT) 

T ioe 
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Fig. 1 Positions where tritium depth pro 


Because of the continental effect on the tritium in rain, however, 
trittum concentrations are much higher in these water masses. 
Estimating the tritium inventory of the continental water masses 
is difficult, as concentrations there are much less uniform than 
in oceanic water masses. Also, very few data are available for 
1970. It is possible to obtain an estimate of the tritium on the 
continents in the mid-1960s (ref. 25) which can then be age- 
corrected to 1970. Runoff and precipitation will cause some 
fluctuation in the inventory, but these effects will be small. It 
appears that there were 45+25 kg of tritium on the continents 
in 1970. The tritium content of air is known more accurately*’*, 
and can be estimated to be 34-1 kg most of which is in the form 
HT. 


Total tritium 


These inventories give a total of 300+ 80 kg of tritium present 
on the surface of the Earth in 1970, most of it produced by 
nuclear testing. 

From the world inventory, the total tritium produced by the 
early 1970s by nuclear explosions is calculated to be 550 +160 kg, 





Table 4 Modes of tritium input into the Pacific ocean (1970) 








Precipitation 36 kg 
Evaporation —3 kg 

Runoff 6 kg 
Molecular Exchange (calculated) 68 kg 
Total (from Table 2) 107 kg 





where it is’ assumed that tritium production has been pro- 
portional to the megaton yield of nuclear explosives. Knowing 
the history of nuclear weapons testing, it is possible to correct 
for tritium decay’. i 

This estimate may be low as it is assumed that no tritium is 
Present in the deep water of the Pacific and Indian Oceans. Even 
a small concentration of tritium in the deep water would, 
however, result in a significant increase in the inventory. If the 
experimental upper limit of 0.2 TU (1 TU is one tritium atom 
per 10 hydrogen atoms) is used as the deep-water con- 
centration, the figure for tritium produced by nuclear weapons 
testing would be 130 kg higher. 
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Molecular exchange 


As mentioned previously, the extent of the contribution of 
molecular exchange to the input of tritium into the oceans is 
still uncertain. It was postulated®* that most tritium in the 
oceans is added by molecular exchange. In a more formal 
treatment, Craig and Gordon’ came to essentially the same 
conclusion. This seemed, however, not to be in agreement with 
experimental data. Two ocean studies** found experimentally 
that molecular exchange added < 0.33 of the tritium present. 
But the measurements were carried out in areas of low humidity 
where molecular exchange is expected to be low. Simpson” also 
found that molecular exchange could account for only about 
one third of the trithum added to Crater Lake. Conditions for 
this lake, however, are substantially different from those 
prevailing over the oceans, and the results are not necessarily 
significant for this problem. 

Our data can be used to calculate the large scale molecular 
exchange for the Pacific Ocean. The only functions which affect 
tritium inventory are precipitation (P), evaporation (E), decay, 
runoff (R) and molecular exchange (ME). With the data 
corrected for decay, input by molecular exchange can be found 
by 

ME =I—P—R+E (1) 


where J is the inventory in 1970 (107 kg). 

The amount of tritium deposited in the Pacific since 1963 
can be calculated from the data of Schell and Sauzay™. Rainfall 
for most of the North Pacific is taken from data compiled by 
Reed and Elliott™. Rainfall data south of 20°N and evaporation 
data are taken from Sverdrup et al.™. Tritium concentrations 
at the sea surface are well known in the Pacific!?:** so evapora- 
tion loss can be evaluated. The relative amounts of tritium 
added before 1967 have been calculated by Roether**. These 
data combined with the input data of Schell and Sauzay™ have 
been used to estimate the input before 1963. All input by 
precipitation was corrected to establish the tritium deposited 
by 1970, and the net input was found to be 33 kg. 

Approximately 9 x 1041 of water enter the Pacific Ocean each 
year as runoff. Estimates of the tritium content of runoff are 
available from International Atomic Energy Agency (IAEA) 
data. In calculating total runoff, it is assumed that runoff 
is of equal volume in all latitude bands from 50°N to 50°S. In 


Fig. 2 a ESS ee ocr rate 500 m of the Pacific 
Ocean or Fig. 1. 
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latitudes where no tritium data are available, it is expected that 
variations in tritium concentration in runoff are similar to the 
variations in rainfall. The errors are large but runoff tritium is 
small compared to input by molecular exchange or precipitation, 
being responsible for ~ 6 kg of the 1970 inventory. The input 
by molecular exchange is then found to be 68 kg (Table 4). This 
is 62% of the total tritium input in the Pacific—in agreement 
with previous estimates—and almost twice the input by pre- 
cipitation alone. Thus, molecular exchange is indeed the 
predominant mechanism by which tritium enters the oceans. 

This work was supported by the Chemical Oceanography 
Division of the NSF. Karen Dockins was in charge of technical 
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and then Teresa Broadwell took over. We thank H. E. Suess 
for discussions. 
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A novel, quasicircular scheme is proposed for the replication 
of parvovirus DNA. Daughter strands are initiated after 
the copying and rearrangement of a terminal palindromic 
sequence, a process termed ‘hairpin transfer’. Such a 
process may be involved in the replication of other viruses 
and host cell DNA. 


ALL known DNA polymerases require a 3’-OH terminus on 
which to initiate strand elongation!~—*. Although a satisfactory 
mechanism for the complete replication of circular DNA 
molecules can be envisaged by using RNA primers’, additional 
molecular conjuring is required to explain the completion of 
the 5’ termini of daughter strands in a linear DNA molecuk. 
The problem arises because excision of a terminal RNA 
primer leaves a 5’ terminal gap and because no polymerase 
is known which catalyses DNA chain growth in a 3’— 5 
direction. Several elegant models have been put forward to 
circumvent the difficulty, all requiring special terminal! structures, 
for example, terminal redundancy‘, palindromic termini’ and 
covalently continuous (cross-linked) termini’. It has not been 
feasible to determine whether such terminal structures exist 
in the DNA molecules of eukaryotic cells, because of their 
extremely high molecular weight’. But practicable model 
systems for the study of chromosome structure and replication 
are provided by animal viruses with linear DNA genomes. For 
example, the parvoviruses contain linear single-stranded DNA 
genomes of only 1.4.x 10%-1.7 x 10* daltons**, which replicate 





*To whom correspondence should be addressed. 


by way of linear double-stranded intermediates”~**. They are 
divided into two subgroups. The members of one subgroup, the 
adeno-associated viruses (AAV), are entirely dependent on 
adenovirus coinfection for their own replication, and package 
both plus and minus DNA strands in separate virions®*®, 
Members of the other subgroup, the autonomous parvoviruses, 
can replicate without a helper virus and package a unique 
viral DNA strand’. 


Structure of the parvovirus genome 

To determine whether special arrangements of nucleotide 
sequence are necessary for the replication of a linear DNA 
molecule, we have examined the structure of the genome of the 
minute virus of mice (MVM), an autonomous parvovirus. The 
results of this study™ are summarised in Fig. 1. We have shown™ 
that the 5’ end of the molecule is a hairpin, represented dia- 
grammatically by the sequence ABa. The duplex Aa can 
be isolated as an S1 nuclease-resistant, hydrogen-bonded 
fragment about 130 base pairs long, containing the 5’ terminal 
base. The sequence represented by D is about 95% of the total 
genome. It is entirely single stranded and approximately 4,100 
bases long. The 3’ end can also forma hairpin denoted EFe, 
which serves as a primer for the synthesis of the complementary 
strand in vitro by a number of DNA polymerases. Various 
oncornavirus DNA polymerases (reverse transcriptases) can 
use MVM DNA efficiently as a primer-template. Since these 
polymerases lack exonuclease activity *" and require basc- 
paired primers! -*, this implies that the 3’ terminal base 1s 
hydrogen bonded in the duplex Ee. The length of this duplex 
is not precisely known, but it does not seem to be stable at 
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37 °C in vitro, as the entire genome, excluding the 5’ hairpin, is 
sensitive to E. coli exo I (ref. 20). In addition, its priming 
ability is not destroyed after treatment with Æ. coli exo IU. 

Polymerases lacking 5’ to 3” exonuclease activity synthesise 
a duplex DNA with a molecular weight 1.96 times that of the 
viral genome, in which the complementary strand is covalently 
attached to the template™. Restriction enzyme cleavage of 
this duplex has established that the viral genome is not cir- 
cularly permuted™. The sizes of the single-stranded loops 
(B and F) are not known exactly, but they are less than 100 
bases long, since they cannot be detected by electron microscopy. 
The observation that the loop F in the MVM duplex synthesised 
in vitro is extremely resistant to cleavage by S1 nuclease 
(D. C. W. unpublished results) suggests that this loop may be 
very small. 

The structure determined for MVM DNA as shown in 
Fig. 1 has been demonstrated for several parvovirus genomes 
(M. B. Chow and D. C. W., to be published), and leads us to 
Propose a model for the reptication of such molecules. We 
have called this scheme the rolling hairpin as it is quasicircular 
and, in some respects, resembles the rolling circle model 
proposed for coliphage ®X174 DNA replication by Gilbert 
and Dressler™. 


Rolling hairpin 

The first step proposed for parvovirus DNA replication, shown 
in Fig. 2, is the gap-fill synthesis of the complement d of 
sequence D; as mentioned above, this step can be performed 
in vitro by several DNA polymerases™. This is followed by 
displacement synthesis and gap-fill synthesis, to copy the 5’ 
terminal hairpin sequence aBA. To continue synthesis, we 
propose that this terminal duplex palindrome is now rearranged 
to form the ‘rabbit-eared’ structure shown in Fig. 2iv. This 
terminal synthesis and rearrangement recreates the hairpin 
originally present at the 5’ end of the parental genome. At the 





Fig. 1 Structure of MYM genome. In this and su uent Fi 
letters Bat i to isc . 

ower cases denote comp tary sequences, that is, 

if A ls 5’-A-T-G-G-C_A-C-3’ then a would be §’-G-T-G_c 
C-A-T-3’. The arrow denotes the 3’-OH end of a strand. 
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same time, it creates a copy of this hairpin, on the 3’ end of the 
complementary strand, which can serve as a primer for the 
synthesis of the progeny strand. The new 3’ hairpin eventually 
becomes the 5’ hairpin of that future progeny genome, as shown 
in Fig. 2y. This process of ‘hairpin transfer’ is the essence of 
the model. The dimer length duplex is then completed by 
displacement synthesis. The resulting molecule comprises a 
single polynucleotide chain from which two viral genomes 
could be generated by suitable endonucleases; that is, the 
scheme shown in Fig. 2 represents one genome duplication. 
In the absence of endonuclease cleavage, however, this structure 
is obviously capable of continued synthesis by the same 
mechanism, yielding larger and larger multimers. In this 
respect our model strongly resembles the rolling circle model™. 
Thus a further roll around the 5’ hairpin (that is, a repeat of 
steps ii to vi in Fig. 2) would generate the tetramer as shown 
in Fig. 3. In the concatemers formed by this replication process, 
the viral genomes are situated alternately on opposite strands 
of the duplex, with their palindromic ends overlapping. 

If the single-stranded loop sequences B and F are themselves 
palindromes, with a phosphodiester bond as the axis of 
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Fig. 2 The rolling hairpin model for parvovirus replicative DNA 
synthesis. 7, Gap-fill synthesis; i’, displacement synthesis and 
iii, gap-fill synthesis to lete genomic harpin; rv, enzymatic 
ocirangemedt ol Lerna “paliniecmie tO ceive mubblt GATE 
structure; y, displacement synthesis and wi, gap-fill synthesis 
The molecule is now essentially the same structure as the first 
intermediate between steps (/) and (if, and 

(if) and (if) generates the dimer genomic Repetition of 
steps (iv), (Y) and (Yi) PEAR the tetramer, and so on for larger 

multimers. 


rotational symmetry (for example, GGTACC), there would be 
no difference between sequences B and b or between sequences 
F and f, and all genomes would be exactly the same; if they are 
not palindromes, then there would be four different kinds of 
viral sequence which differed in two small regions. 

So far we have described a scheme for generating and 
replicating duplex forms of parvovirus DNA, based on the 
structure of the genome. The model now allows an explanation 
of some hitherto puzzling physical properties of parvovirus 
replicative intermediates. We showed previously!’ that some 
of the MVM duplex DNA molecules found in infected cells 
seemed to be concatemers up to about ten genome equivalents 
long. These molecules, however, contained no single strands 
longer than two genome equivalents, and on denaturation and 
reannealing formed predominantly monomer length duplexes. 
The long duplexes were also reduced to approximately monomer 
length by heating to submelting temperature. In addition we 
found that a large fraction of the MYM double-stranded DNA 
reannealed in a monomolecular fashion after denaturation, 
suggesting that viral and complementary strands were linked 
covalently, as predicted by the rolling hairpin model. Similar 
spontaneous renaturation behaviour has since been reported 
for duplex intermediates of parvovirus X 14 (ref. 14), AAV-2 
(ref. 15) and Kilham rat virus!*. Recently Straus ef a/.1*, have 
reported the isolation, from AAV-infected cells, of dimer length 
duplexes which renature spontaneously. These comprise a 
single DNA chain, four genomes long, containing alternating 
viral plus and minus strands. They have proposed a model for 
the replication of AAV DNA involving hairpin primers which 
is similar in parts to that proposed in Fig. 2. We onginally 
suggested!’ that hairpin duplexes of genome length were formed 
by the use of the 3’ end of the viral strand as a primer for the 
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synthesis of its complementary strand, and that this implied a 
mechanism for the regeneration of the primer in order to 
preserve the entire base sequence of the genome during repli- 
cation. In the rolling hairpin model, this is accomplished by 
the process of hairpin transfer. 

The overall physical properties of double-stranded DNA 
molecules replicating according to the model, such as the 
lengths of the single strands which the duplexes contain and 
the proportion of spontaneously renaturing molecules, will 
depend on how the intermediates are further processed to 
generate progeny genomes. 


ž thesis and packaging 
of progeny viral DNA 


A replication scheme which generates concatemers as repli- 
cative intermediates must necessarily include some process for 
excising progeny viral DNA. In parvovirus replication it is 
unlikely that this process relies only on the selection of genome 
size segments, since the viral DNA is not circularly permuted ™: 
We envisage the first step in the process to be the introduction 
of a single-strand break, at the 5’ end of a genome within the 


D aBA d eFE 


d Abo O Efe 





Fig. 3 Proposed mechanism for parvovirus progeny DNA 
syntheels, showing a tetramer intermediate. The progeny DNA 
strand, V, is indicated throughout as the heavy line. d represents 
the ~4,100 nucleotides of the complementary strand which is 
not packaged by the autonomous parvoviruses. The circle repre- 
sents the capsid of an immature virion. /, Internal initiation of 


ng; if, packaging of comp te genome, and cleavage of 
ly, release of intact virion and 
repair of the 3’ end of newly es progeny strand to the 
5’ end of its adjoining complementary strand; y, eee of 
a mature virion in the opposite direction and regeneration o f the 
inital tetramer 


Nature Val. 263 September 9 1976 


concatemer, that is between d and A in Fig. 3/. The 3’-OH 
terminus at this nick is then used as a primer for displacement 
synthesis of progeny DNA strands, giving rise to the duplex 
molecules with single-stranded side chains that are observed in 
Infected cells!°:1*1" In addition, we suggest that this displace- 
ment synthesis is driven by concomitant packaging of the 
progeny strand because little, if any, free single-stranded DNA 
can be detected during infection!*+14-17'1®, This idea is supported 
by the report™ that a temperature-sensitive mutant of H-1 
virus, with a virion which is physically unstable at high tem- 
perature, makes replicative intermediate, but not progeny DNA, 
at the non-permissive temperature. 

After the 3’ terminal sequence e has been displaced, excision 
of the progeny genome could be completed by another sequence- 
specific nuclease, perhaps an integral part of the virion, 
releasing an intact virus particle and stopping the displacement 
synthesis. This second nuclease must be inactive on double- 
stranded DNA, because otherwise it would also introduce a 
nick in the template strand. The nascent 3’ OH terminal 
sequence e must be rapidly rejoined to the existing sequence d 
because the intact strand may be required as a template for the 
3’ terminus of another genome being synthesised in the opposite 
direction, as in Fig. 3¢v. If the packaging of progeny strands 
drives the displacement synthesis, the continued synthesis of 
complementary, minus strands (sequence d) is avoided, and the 
asymmetrical synthesis of progeny genomes, which has been 
reported for the autonomous parvoviruses!®!?)!7 ig assured. 
The specificity of such a packaging mechanism implies recog- 
nition of the 5’ end of the genome by the precursor virion. It Is 
interesting that when infectious particles of MVM are lysed 
gently and examined in the electron microscope, a significant 
number of capsids remains associated with an end of the 
extruded DNA®. There is no detectable relationship between 
the two ends of MYM DNA®, whereas the ends of most AAV 
genomes are related by an inverted terminal redundancy®*®, If 
terminal sequence recognition by the particle controls strand 
selection, this could explain why MYM only packages the plus 
strand, whereas AAV packages both plus and minus strands. 

In concatemers where the 5’ ends of overlapping genomes 
have been nicked, displacement synthesis at one or both nicks 
will break the molecule in this region. Subsequent synthesis 
would regenerate the terminal palindrome of each of the 
fragments, which would then be able to continue replication 
after rearrangement as described in Fig. 2/v. Since none of the 
strands in double-stranded MYM DNA was found to be 
greater than dimer length’, we suggest that the duplex conca- 
temers had been nicked, perhaps during isolation, at the 5’ 
end of every component genome. Each continuous strand 
in such a molecule would have the sequence ABaDEFed 
and therefore comprise two palindromes. These sequences 
could rearrange, through cruciform intermediates, to produce 
monomer length hairpin duplexes at elevated temperature. 
This could explain the breakdown of MYM concatemers to 
monomers when they are heated to subdenaturing tem- 
peratures!®, As both palindromic sequences in the concatemer 
would, in effect, become terminal hairpins in the monomer, 
one would expect this process to be essentially irreversible. 


Hairpin transfer process 

The central process of the rolling hairpin model is the 
synthesis and rearrangement of the palindromic terminus, to 
produce a ‘rabbit-eared’ structure. This permits the direction of 
chain growth to be reversed with respect to the original duplex. 
The rearrangement need not require complete melting out of 
the terminal region. If the loop sequence B is short it would be 
possible to interconvert the two structures through a cruciform 
intermediate, originally described by Platt™ as twist transfer. 
Maniloff* has suggested, on theoretical grounds, that such a 
rearrangement should exhibit a transitional energy barrier 
and would be unlikely to occur spontaneously in physiological 
conditions. Therefore we have to postulate that there is an 
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Fig. 4 Proposed model for eukaryote chromosome termmal 
ee i : 


enzyme activity which catalyses the rearrangement, and suggest 
that it is part of the DNA replication system of the cell which 
parvoviruses and possibly other viruses, require for rearrange- 
ment of their chromosomal ends during replication. 


Hairpin transfer and 


» host cell replication 


To overcome the problem of replicating termini, originally 
discussed by Watson‘, Cavalier-Smith suggested’ that the 
ends of linear chromosomes are palindromic so that, after 
excision of the 5’-terminal RNA primer, the exposed DNA 
strand could form a 3’-OH terminated hairpin. He proposed 
that this is then joined to the 5’ end of the complementary 
strand by gap-fill synthesis and ligation. The palindromic 
sequence is then nicked at its 5’ end by a sequence-specific 
nuclease, A combination of strand displacement and gap-fill 
synthesis, using the 3’-OH of the nick as primer, reconstitutes 
the parental strand. 

Based on studies with MVM we have proposed a model for 
the replication of the parvovirus genome which overcomes the 
problem of the completion of linear termini by the process we 
have described as hairpin transfer. This concept can be extended 
to the replication of host chromosomes and other linear DNA 
molecules, and thus becomes a modification of Cavalier- 
Smith’s model, involving fewer separate steps. In this scheme 
(Fig. 4), the steps of strand separation, RNA primer synthesis, 
excision, hairpin formation, repair synthesis and ligation, are 
replaced by the enzymatic rearrangement of the terminal 


` palindrome. This produces a ‘rabbit-eared’ structure whose 3’ 


end acts as a primer for the synthesis of the complementary 
strand. A ific nuclease then nicks at the 5’ end 
of the palindrome, and synthesis using the 3’-OH of the nick 
as primer, reconstitutes the terminal sequence as before. 
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It is reasonable to expect that the expression of an enzyme 
system responsible for the initiation and completion of repli- 
cation at chromosome termini would be coordinated with the 
passage of the cell through the mitotic cycle; in this respect it is 
important that the autonomous parvoviruses depend on, but 
cannot induce some host function(s) expressed transiently in 
the S phase’. The limited genetic capacity of these viruses 
suggests that they alter the host cell replication machinery very 
little. We suggest that the parvoviruses usurp the host’s system 
for duplicating the termini of its chromosomes, to replicate 
their own DNA by the rolling hairpin process. 

Terminal palindromes, which form terminal hairpins on 
strand separation, are emerging as a common feature of linear 
chromosomes. In addition to MVM DNA®, such sequence 
arrangements have been demonstrated in the genomes of 
AAY*' and herpesvirus**. The covalently continuous structure 
demonstrated for the vaccinia virus genome?? could be 
regarded as a special form of terminal palindrome. These 
palindromes are found irrespective of the existence or polarity 
of terminally redundant regions in such molecules, either 
inverted as in adenovirus DNA*™:*, non-inverted as in herpes- 
virus DNA**:**, or a mixture of both as found for populations 
of AAV DNA molecules’ #7: 18.37, 

Studies showing that a combination of exonuclease, poly- 
merase and ligase can cross link the ends of coliphage T7 
DNA*** indicate that the T7 genome similarly contains a 
terminal palindrome, which agrees with the observation“ that 
the termini of T7 DNA contain a self-complementary sequence. 
The isolation, from T7-infected cells, of spontaneously re- 
naturing intermediates of greater than genome length*! suggests 
that this sequence might be used for the replication of T7 
termini also. Terminal palindromes may, therefore, be necessary 
for the replication of all linear chromosomes which do not, 
like phages à or T4, replicate by becoming circular. 

We thank Drs G. J. Bourguignon, L. Enquist and A. J. 
Shatkin for useful discussion and Drs J. Cairns and C. M. 
Radding for criticism of the manuscript. 
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Structure-function relationships of 19 retinoids were 
studied in three in vitro systems in defined, serum-free 
medium. These systems measure effects on differentiation 
and growth, as well as toxic effects. The ring, side chain, 
and polar terminal group of natural retinoids all may be 
modified synthetically to yield highly active compounds. 
Several retinoid ethers were found to be significantly less 
toxic than the corresponding carboxylic acids or alcohols. 





RETINOIDS (the set of molecules comprised of vitamin A and its 
synthetic analogues) are known to exert profound effects in 
controlling cellular differentiation in epithelium of many 
target tissues, including bronchi and trachea, uterus, prostate, 
kidney and bladder, stomach, intestine, pancreatic ducts, and 
skint. It has recently been shown that several synthetic retinoids 
can prevent the development of epithelial cancer of the skin™*, 
respiratory tract‘, mammary gland®*, and urinary bladder 
in experimental animals. In these experiments, the retinoids 
were not given to the animals until after completion of ad- 
ministration of the respective carcinogens. In these conditions, 
the retinoids do not prevent initiation of carcinogenesis, but 
rather, they modify preneoplastic states during the latent 
perlod of cancer development, before the onset of invasive 
malignancy. Although retinoids may act by more than one 
mechanism to modify preneoplastic states, their direct ability 
to control cell differentiation in target epithelia i is undoubtedly 
of major importance in their suppression of carcinogenesis. 
For example, it has been shown that direct application of 
retinoids to prostatic’® and tracheal? organ cultures can 
reverse hyperplastic or anaplastic lesions induced by chemical 
carcinogens; in these experiments, also, retinoids were not 
added to the cultures until after the lesions had been initiated 
by the carcinogen. 

Many synthetic retinoids have now been made, in which 
there has been substantial modification of the ring, side chain, 
or polar terminal group of the natural vitamin A molecule. 
For both practical and theoretical considerations, an analysis of 
structure—activity relationships in this set of molecules is of 
fundamental importance. It is important to establish not only 
the molecular parameters that are required for retinoids to 
control epithelial cell differentiation and to prevent carcino- 
genesis, but also to establish the molecular parameters res- 
ponsible for the undesirable toxic effects which retinoids may 
have on tissues, since such toxic effects may limit the effective 
use of retinoids in cancer prevention”. It is already clear that 
several synthetic retinoids, which have potent activity for the 
prevention of cancer in experimental animals, for the control of 
epithelial cell differentiation in vitro, or for reversal of pre- 
malignant lesions in vitro, have little capacity to promote 
growth in animals maintained on vitamin A-deficient diets". 
Thus, classical nutritional methods (promotion of growth in 
vitamin A-deficient animals) may not be particularly useful to 
assess the potential activity of retinoids in cancer prevention, 
and new methods must be developed for correlation of struc- 
ture and activity. Although measurement of ability to prevent 
various types of epithelial cancer in the intact experimental 


animal is an important measure, such tests are very expensive 
and time-consuming when assaying large numbers of new 
compounds. Moreover, it is difficult to evaluate cellular 
and biochemical mechanisms of action in the live animal. 

For these reasons, we have assayed the activity of retinoids in 
several organ and cell culture systems, using chemically de- 
fined, serum-free medium, in which structure-activity relation- 
ships can be evaluated quantitatively. Here we report on the 
biological activity of 19 retinoids in three such in vitro systems, 
which measure effects on both cell differentiation and growth 
(reversal of keratinisation in retinoid-deficient tracheal epi- 
thelium, increase of RNA in epidermal cell cultures), as well 
as the toxic effects on tissue (destruction of tracheal cartilage). 
More than 5,500 organ and cell cultures (including untreated 
control cultures) were used in these assays. Finally, since it is 
important that in vitro measurements be extended to evaluate 
utility in vivo, we also describe some major in vivo changes in 
tissue distribution of retinoids which result from synthetic 
modification of the polar terminal group. 


Methods for in vitro studies 


Structures of the retinoids (all provided by Hoffmann-La 
Roche Inc., Nutley, New Jersey and F. Hoffmann—La Roche & 
Co. A. G., Basel, Switzerland) used in the present study are 
shown in Fig. 1 and Table 1. Three series of retinoids have been 
studied: Fig. 1a retinoids which retain the B-cyclohexenyl ring 
and the all-trans side chain of the natural retinoids, but which 
have modifications of the polar terminal group; Fig. 15 retinoids 
in which a fluorine atom has been inserted into the all-trans 
side chain; and Fig. Ic retinoids which have a substituted 


Fig. 1 Structures of retinoids in Table 1. 
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Table 1 Activity of retinoids in tracheal organ cultures and epidermal cell cultures 





Structure, 
R,=, R= Trivial name Reference 
Fig. la, Retinol 26 
-Ha -OH 
Fig. la, Retnyl methyl 20, 27 
-Ha r ether 
Fig la, Retinyl butyl 20 
-H,, -OC,H, ether 
Fig. la, Retinyl acetate 26 
-Hy, 3 
Fig. la, N-Acetyl retinyl 28 
-Ha -NHCOCH, amine 
Fig. la, N-Retinyl 28 
~H, -N(CO),C,H, phthalimide 
Fig. la, Retinal 26 
-H, = f 
Fig. la, Retinal 29 
-H, = COCH, acetylhydrazone 
Fig. la, Retinal oxime 30 
-H, = NOH 
Fig. la, Retinoic acid 26 
=), 
Fig. la, Retinoic acid 31 
= 0O, -OC,H, ethyl ester 
Fig. la, Retinoic acid 32 
=O, -NHC,H, ethyl amide 
Fig. 16, 12-fluoro 12-Fluororetinoic 33 
=O, -OC,H, acid ethyl ester 
Fig. 1b, 14-fluoro 14-Fluororetinoic 34 
= (), H, acid ethyl ester 
Fig. Ic, TMMP analogue 35 
-H „ -OH of retinol 
Fig. lc, TMMP analogue of 35 
—-H, -OCH, retinyl methyl 
ether 
Fig. le, TMMP analogue of 35 
=0, retinoic acı 
Fig. lc, TMMP anal of 35 
= 0O, —OC,H, retinoic acı 
ethyl ester 
Fig. 1c, TMMP analo of 35 
=Q, -NHC,H, retinok acl 
ethyl amide 


Reversal of Toxicity to 
keratinisation, Increase in RNA, cartilage, 
on E n 
o culture, ce ture, organ culture, 
"ED we(M) M) 
2x10 9x10- 2x10 
54)* (64) 67) 
3x10 4x10 1x10 
(122) 3) (103) 
3x10-8 >1x10> `- not toxic at 
(55) 40) 1x10 
(42) 
3x10 1x10 6x10 
(123) (18) (63) 
9x10 >1x10 not tox at 
(113) (52) 1x10 
(50) 
5x107 mactrye at not toxic at 
(49) 1x107 1x107 
(48) (10) 
3x107 8x107» 5x107 
8) (37) (49) 
4x10- 3x10 7x107 
(54) 35) 
1x10-* 9x107 2x10 
(61) (31) 
3x107» 4x107’ 1x107" 
(337) 287) (11 
5x10- 6x107 2x107" 
(119) (100 (18) 
2x107 >1x10-* 9x107 
(52) (70) (32) 
3x107» 1x107 2x107 
(63) (40) (18) 
4x10- 1x107 5x10 
(68) (40) (18) 
2x10-* 9x10-8 9x107 
( (39) (34) 
3x10-* 5x107 4x107 
(70) (38) (57) 
6x10 7x107 6x 10-* 
187) (86) (88) 
2x10 2x107 2x 10-7 
(53) (31) (63) 
3x10 5x10 | x 10-* 
(66) (32) (52) 





ED (M) for reversal of keratinisation in tracheal organ culture is the dose for reversal of keratinisation in epithelium of 50% of retinoid- 


deficient hamster tracheas using standard assay conditions”. ED ,(M) for increase in RNA in epidermal! cell culture 


is the dose for 50% increase 


in total RNA in mouse epidermal cells, also using standard assay conditions“. TD,,(M) for toxicity to tracheal organ culture is the dose for 


release of 20% of total proteogl 
“Numbers of organ or cell 


aromatic (trimethylmethoxyphenyl, TMMP) ring, as well as 
modifications of the polar terminal group. All retinoids were 
dissolved in dimethylsulphoxide (DMSO) before addition to 
cultures; an equivalent amount of DMSO (which never ex- 
ceeded 1 9%) was added to all control cultures. 

The test systems both for assay of reversal of keratinisation 
in organ cultures of tracheal epithelium from retinoid-deficient 
hamsters!™*13, and for assay of increase in RNA in cell cultures 
of mouse epidermis“, have been described in detail. Typical 
dose-response curves for effects of retinoids in reversing 
keratinisation in tracheal organ culture are shown in Fig. 2; 
typical dose-response curves of their effects in increasing RNA 
in epidermal cell cultures have been published previously??. 
Toxicity of retinoids to cartilage of hamster trachea in organ 
culture was measured by a modification of a procedure for 
assay of retinoid toxicity to rabbit ear cartilage. Briefly, 
tracheae from 4-5-week-old hamsters fed a normal laboratory 
stock diet were removed in sterile conditions, trimmed care- 
fully of connective tissue, and then cultured for 3 d in the sam 
medrum used for the assay of keratinisation reversal, using air 
containing 5% CO, as the gas phase. These tracheal organ 


from hamster tracheal cartilage into culture medium using standard assay conditions (see text). 
tures used for evaluating each retinoid are shown in parentheses. 


cultures were exposed to retinoids during the entire 3-d period 
Crystalline bovine serum albumin (0.5%) was added to some 
cultures to ensure solubility of retinoids at the highest con- 
centrations used. After this period, both the trachea and the 
culture medium from each dish were saved; the amount of 
cartilage proteoglycan released into the culture medium, as well 
as that remaining in the cartilage, was measured with Alcian 
blue. The total proteoglycan remaining in the cartilage was 
solubilised by papain digestion (digestions were performed at 
37 °C for 2 h with shaking, using crystalline papain, 1 mg mi~}, 
in 0.05 M sodium acetate buffer, pH 5.8, containing 0.001 M 
cysteine HCl). Chondroitin sulphate was used as the pro- 
teoglycan standard. At the end of the assay, the amount of 
proteoglycan found in the culture medium and the amount 
remaining in the cartilage were summed, and toxicity for any 
retinoid at any dose level was plotted (Fig. 3) as the percentage 
of the total proteoglycan released into the medium". 


Reversal of keratinisation by retinoids 


The ability of the respective retinoids to suppress keratinisation 
and reverse squamous metaplastic lesions caused by retinoid 
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Table 2 Comparison of tissue levels of retinoids 24 h after either a single or the last of nine oral doses 


Retinold Single dose Nine doses 

Number Number f 

of rats Liver Breast of rats Liver Breast 
Solvent control l 18 0.37+0.02 0.0052 +0.0003 19 0.534+0.02 0.0088 +0.0015 
Retinyl acetate $ 18 1.82 +0.13 0.014-+40.002 17 11.80-+0.75 0.082 +0.004 
Retiny! methy] ether © 17 0.92-+0.10 0.060 +0.01 10 7.38 +0.98 0.71 +0.10 
Retinyl butyl ether 12 0.45-40.04 0.026-+0.004 12 0.79 +0.03 0.10+0.01 





Sprague—Dawiey female.rats were dosed orally with retinoids (30 umol each dose) dissolved in 0.4 ml of ethanol-trioctanoin (1:3). The rats 
nine doses were treated determined with the 


receiving 


three times weekly. All rats were killed 24 h after therr final dose and tissue levels were 


triftucroacetic acid method?’ after extraction of tissue with ethyl ether™. Retinyl acetate, retinyl methyl ether, and retinyl butyl ether all gave 
linear standard reactions with trifluoroacetic acid at 616 nm. Figures are total umol of retinoid found per g wet weight tissue + standard error. 


deficiency in trachael epithelium is shown in Table 1 and Fig. 2. 
This assay is a very sensitive measure of the ability of retinoids 
to control normal epithelial cell differentiation, since the same 
process can be shown to occur in the live animal’. Dose- 
response plots (Fig. 2) were made for all retinoids, and the 
values derived for the dose effective in suppressing keratinisa- 
tion in half the cultures are shown in Table 1. Many retinoids 
were extremely active in the 10— M range (approximately 300 pg 
ml ~). l i 


100 


- Cultures with keratin (%⁄) 
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Concentration (M) 


ules. A, Retinoic acid; 

A, retinyl acetate; @, N-acetyl retinyl amine; O N-retiny] 

ph de. Similar curves. were obtained for all retinoi 

reported in Table 1, and the ED,, was derived from these plots. 

PU Cte Oh, RCC MRE an ee exponen sare nog 
l. 


Several interesting results can be seen. In both series of 
retinoids—those with a P-cyclohexeny!] ring (Fig. 1a), as well as 
those with an aromatic TMMP ring (Fig. 1c}—compounds with 
a carboxylic acid terminus were slightly more active than those 
with a carboxylic acid ethyl ester or carboxylic acid ethyl 
amide terminus, although the differences were not great. 
Also, in both series, compounds with terminal methyl ether 
functions were almost as active as the corresponding alcohols. 
Retiny! butyl ether was one-tenth as active as retinyl methyl 
ether or retinyl acetate. The oxygen atom on the terminal 
carbon of retinyl acetate may be replaced with an amine 
function, resulting in the compound N-acetyl retinyl amine, 
which was one-third as active as retinyl acetate. The N-phthali- 
mide derivative was essentially inactive, except at the highest 
concentration tested. The acetylhydrazone dérivative of retinal 
was almost as active as the parent aldehyde, although the 
Gxime derivative of retinal had much less activity. The 12- and 
14-fluoro-derivatives of retinoic acid ethyl ester were very 
active in reversing keratinisation. 


RNA increase in epidermal cultures by retinoids 
The ability of the respective retinoids to increase RNA in 
epidermal cell cultures is also shown in Table 1. There is a 
remarkable correspondence between activities as measured in 
the tracheal organ culture assay and the epidermal cell culture 
assay for 15 of the 19 retinoids. Three retinoids (retiny] butyl 
ether, N-acetyl retinyl amine, and retinoic acid ethyl amide) 
which reverse keratinisation in tracheal epithelium, were 
essentially inactive in the epidermal cell culture system, and a 
fourth compound, 12-fluororetinoic acid ethyl ester, was 
markedly less active in the epidermal! cell assay. The reason for 
the above four exceptions is not known; but it is conceivable 
that epidermal cells from newborn mouse skin are deficient in 
the appropriate enzymes which might activate these four 
retinoids to biologically active forms in tracheal epithelium. 


Toxicity of retinoids to tracheal cartilage 


The toxicity of retinoids to tracheal cartilage jn vitro is shown in 
Table 1 and Fig. 3. Dose-response plots (Fig. 3) were made for 
all retinoids, and the values derived for the dose that would 
release 20% of the total tracheal proteoglycan are shown in 
Table 1. Retinoic acid, retinoic acid ethyl ester, 12- and 14- 
fluororetinoic acid ethyl ester, the TMMP analogue of retinoic 
acid, and the TMMP analogue of retinoic acid ethyl ester were 
the six most toxic compounds. In both series of retinoids (Fig. 
la, c), the ethyl amide derivatives were markedly less toxic 
than their parent carboxylic acids. Similarly, the 
methyl ether derivatives were significantly less toxic than their 
respective parent alcohols, which in turn, were less toxic than 
the corresponding carboxylic acids. Two compounds, namely 
retiny] butyl ether and N-acetyl retiny] amine, which could con- 
trol tracheal epithelial cell differentiation in vitro were virtually _ 
without toxicity to tracheal cartilage in vitro. These two com- 
pounds were also essentially inactive in the epidermal cell 
culture assay. All these data suggest that metabolic activation 
of retiny] butyl ether and N-acetyl retiny! amine may be re- 
quired for their activity, and that, in some circumstances, there 
may even be a different set of metabolites which control cellular 
differentiation and cause cellular toxicity. 


Pharmacokinetics of retinoids 


The above in vitro studies clearly show a wide range of changes 
in activity resulting from modification of the structure of the 
retinoid molecule. Practical usefulness of retinoids for cancer 
prevention depends not only on a compound having the 
desired activity and lack of toxicity, but also on its pharma- 
cokinetics in vivo. Thus, although retinyl acetate is highly 
active and relatively non-toxic (compared with retinoic acid) 
in vitro, it bas the undesirable property in vivo of being stored 
in the liver, mostly as retiny] palmitate’. These elevated 
levels of retinyl palmitate can eventually cause serious toxic 
effects, both in the liver and systemically”. Moreover, because 
of the tendency of retinol and its esters to be stored in the liver, 
these retinoids may not reach specific target organs in doses as 
high as might be desired. 
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The greater effectiveness of retinyl methyl ether, compared j 


with retinyl acetate, in prevention of mammary cancer in rats 
has recently been reported*. One possible explanation of these 
findings might be that greater effective levels of retiny! methy! 
ether than of retinyl acetate were attained in the mammary 
giand, so we carried out experiments to investigate this possi- 
bility. High doses of retinoids, corresponding to those used 
previously* when prevention of mammary cancer was in 
vestigated, were given in these experiments. After either single 
or multiple oral dosing of retinyl methy! ether, much greater 


levels of this compound (or one of its metabolites which react’ 


positively with trifluoroacetic acid, TFA) were indeed found in 
the mammary gland and adjacent fat pad, than after similar 
dosing with retinyl acetate (Table 2). Retinyl methyl ether 
in vivo, however, is known to be cleaved to retinol and then to be 
stored in the liver as retinyl ester!* 1; results shown in Table 2 
confirm this known ability of the liver to store large amounts of 
retinyl methyl ether or its metabolites. Thus, although retinyl 
methyl! ether ytelds high retinoid levels in the mammary gland 
and adjacent fat pad, the storage of this compound and its 
metabolites in the liver suggests that, if retinyl methyl ether is 
fed for long periods, it may be as potentially toxic to the liver as 
retinol or retinyl esters. 
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Fig. 3 Dose-response Seia ia toxic effects of retinoids to 
tracheal cartilage in organ ture. Tracheae (one per culture. 
dish) were treated with retinoids for 3 d before measuring both 

roteoglycan released into the culture medium, and that 


In contrast, another retinoid ether, retiny! butyl ether, seems 
to be metabolised by the intact animal in an entirely different 
way from retiny! methyl ether (Table 2). In spite of the fact that 
multiple dosing of retinyl butyl ether caused a twelvefold in- 
crease in the amount of TFA-positive retinoid in the breast, it 
did not even cause a twofold increase in liver retinoid in these 
experiments; in contrast, retinyl acetate and retinyl methyl ether 
respectively caused 22-fold and 14-fold increases in liver 
retinoid levels. The data indicate a major difference betweén the 
metabolism of retinyi butyl ether and of retinyl methyl ether, 
which we are now investigating using liver microsomes in vitro. 
Retiny! butyl éther thus seems to have the following unusual 
Cluster of properties: it is a derivative of retinol with very low 
direct toxicity to ‘tissue; it has significant growth-promoting 
activity in the ‘whole animal®™: and it does not accumulate in 
the liver after repeated oral dosing at high levels. 


Conclusions 


The data presented above show the complexity of relationships 
between structure and activity in retinoids. Significant modi- 
fications have been made in all three regions (ring, side chain, 
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and polar terminus) of the retinoid molecule and these modi- 
fications have resulted in biologically active molecules that may 
have practical use. Although it would not be justified 
to generalise to other retinoids from the present data, the 
following conclusions may be drawn from the present studies 
on retinoids with B-cyclohexenyl and TMMP rings: (1) the 
presence of a terminal carboxylic acid function conveys high 
activity, but is also associated with high toxicity; (2) fluorine 
atoms may be inserted into the side chain of B-cyclohexeny! 
retinoids to yield highly active compounds, of which the 
pharmacokinetics are at present largely unknown; (3) a ter- 
minal, amine function, as in N-acetyl retinyl amine, is com- 
patible with activity and may result in an analogue with low 
direct toxicity to tissue; and (4) modification of the polar 
terminal group can markedly leasen toxicity, and as shown 
with retinyl methyl ether and retinyl butyl ether, may also 
usefully affect pharmacokinetic properties. 

The present data yield little information about the ‘active 
form’ of retinoids. A variety of retinoid structures are now 
known to be active in control of cell differentiation. The recent 
description and purification of several retinoid-binding pro- 
teins™!-%, which may have some resemblance to steroid-binding 

proteins, suggest that there need not be a single active form of 
retinoids. Rather, a wide range of retinoid structures may 
interact with cellular receptors directly in a biologically signifi- 
cant manner. 
: We acknowledge our collaboration with Hoffmann-La 
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Co., A. G., Basel, Switzerland, for both the retinoids used in 
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their staff. We thank Eli Lilly and Upjohn for insulin and 
hydrocortisone hemisuccinate used in all organ cultures, and 
Drs John Bieri, DeWitt Goodman, P. M. Horsfield, Albert 
Kapikian, and Stuart Yuspa for valuable suggestions for the 
in vitro assays. Doris Overman and Joseph Smith provided 
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Do superheavy elements imply 
the existence of black holes? 


THE discovery: of the superheavy elements 116, 124, and 126 
raises the question of where these elements are likely to have 
been formed. The majority of the post-iron-peak nuclei are 
thought to have been produced in conditions of explosive 
nucleosynthesis (the r-process), particularly in conventional 
supernova explosions. The ability of the r-process to produce 
superheavy elements is, however, very uncertain’. The con- 
ditions necessary for superheavy element synthesis (B-decays 
occurring sufficiently slow that the ny+> yn equilibrium is 
not disturbed) are difficult to realise in astrophysical situations. 
The n-process (J. B. Blake and D. N. Schramm, unpublished) 
requires less extreme conditions (the B decays are important) 
and may occur more often. The majority of the elements 
normally attributed to the r-process may have been synthesised 
in this way. Neutron-induced fission causes both processes to 
terminate at nuclei with high proton numbers, Z, but the n- 
process may allow it to reach the higher Z value. 

We note that superheavy elements, such as those discovered 
and others much less stable in our environment, must exist in 
the outer layers of a neutron star?. Moreover, ideal conditions 
for the production of superheavy nuclei (high neutron flux and 
rapid B decays) are found in the disruption of a neutron star. 
The B decay rate is then fast compared with the expansion time 
scale (ref. 4 and J. M. Lattimer and D. N. Schramm, 
unpublished). We envisage such disruption being possible in 
either of two ways, both of which involve a black hole. Lattimer 
and Schramm (unpublished) and Lattimer er al. have con- 
sidered the tidal disruption of a neutron star from a close 
encounter with a black hole. Most of the disrupted star is 
swallowed by the hole, but some of the processed stellar 
material is assumed to escape. 

Perhaps a more likely situation in which a neutron star is 
disrupted occurs when it accretes sufficient material that its 
mass exceeds the maximum mass for stable neutron stars. It has 
no alternative other than to collapse to form a black hole, and it 
again seems plausible that some of the outer layers are thrown 
off as it does so. The binary X-ray sources such as Her X-1 
and Cen X-3 provide evidence that accreting neutron stars do 
exist. 

The accretion process is enhanced if such binary systems tend 
to evolve towards coalescence, as is expected. One product of 
such evolution could be the giant stars envisaged by Thorne 
and Zytkow*, in which accretion on to a neutron star core is a 
major power source for the whole star. Assuming that the 
neutron star cannot accept material at a rate much above that 
consistent with the Eddington limiting luminosity (~ 107° 
erg s—'), then ~10° yr are required before the collapse takes 
place. The resultant explosion could observationally closely 
resemble that of a more conventional supernova. 

We thus argue that the most likely site for the production of 
superheavy elements is in the surface layers of a neutron star. 
The most plausible means by which these layers can be returned 
to the interstellar medium involve the intervention, or forma- 
tion, of a black hole. We should, however, mention that in 
certain supernova models involving a hard equation of state, it is 
conceivable that the central regions collapse to neutron star 


densities, form superheavy elements, and then bounce. This may 
disrupt the original star entirely, leaving no remnant at all. 
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Do superheavies come from neutron stars? 


THE recent report of discovery of superheavy elements! (with 
nuclear charges near the predicted values for shell closure, 
Z= 114 and Z = 126), in surprisingly large quantities in 
terrestrial material, raises the question of the astrophysical 
sources for such nuclei. The very lightest nuclei may have been 
created in the first hours of the big bang, but significant amounts 
of elements beyond helium could not have been formed in 
these conditions. The heavier elements must have been formed 
in stars, and those as massive as uranium were probably formed 
by intense neutron bombardment immediately before or 
accompanying supernova explosions’. It seems unlikely, 
however, that superheavy nuclei could have been formed in 
this way, since attempts to reach the ‘stability islands’ by 
successive neutron captures must proceed by nuclei with very 
short lifetimes. This would almost certainly be the case for the 
island about Z = 126, if not for that at Z= 114. I would 
sugeest that neutron stars might be a source for such superheavy 
nuclei. 

Before theories of nucleosynthesis had reached their present 
state, Mayer and Teller considered evaporation from a fluid 
‘polyneutron’ as a source of heavy elements’, and came to the 
conclusion that nuclel with atomic masses of several hundred 
might be formed. With some qualification, such a polyneutron 
may be identified with a neutron star. We now know that the 
surface of a neutron star will very quickly be cooled below the 
crystalline melting point by neutrino emission processes‘, but it 
will be fluid for a short time after the collapse of a supernova 
core. Densities considerably higher than equilibrium values of 
perhaps p ~ 10"%.gcm~-* might be reached at the surface 
during oscillations following collapse. Evaporation of super- 
heavies from the surface of such a newly formed neutron star 
would thus be virtually simultaneous with formation of heavy 
elements by neutron capture in the supernova explosion itself. 
Fission and B decay of the initial droplets of nuclear matter 
would be expected to yield some of the relatively stable elements 
about Z = 114, 126 and perhaps 164. 

Another possibility is the disruption of a neutron star by 
tidal interaction with a black hole’. Matter can be qjected to 
infinity in such an encounter, and this matter might include 
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nuclear droplets large enough to give rise to the superheavy 
elements. 
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Spatial and temporal variations 
of the atmospheric sodium layer 
observed with a steerable laser radar 


Laser radar observations of resonance scattering from 
atmospheric sodium during the night have, on occasions, shown 
evidence of short term changes in the height distribution!?, 
It has been suggested that these changes arise from the move- 
ment of a horizontally structured sodium layer, but the 
measurements have all been limited to the vertical direction, 
and have provided no direct evidence of a horizontal variation. 
Evidence of horizontal structure at mesospheric heights has 
been provided by observations of hydroxy] emissions in the 
airglow, both from the ground‘ and from an aircraft®*, In 
addition, the observed fluctuations of intensities and infrared 
rotational temperatures of the hydroxyl bands have been 
associated with the passage of atmospheric gravity waves’®. 





might also be associated with such waves. 

The measurements were carried out using a laser radar 
system incorporating a flashlamp-pumped dye laser and a 
steerable mirror used for both transmission and reception. The 
details of the system will be described elsewhere. The steerable 
mirror was generally alternated between fixed angular positions 
with runs of ~ 500 laser pulses for each position. By this means, 
measurements of the height distribution of sodium at various 
horizontal separations were obtained. 

The measurements made with the laser beam directed 
alternately towards the zenith and 10°F during the early 
morning of September 21, 1975 are shown in Fig. 1. For both 
directions the measurements taken during each 2-3min 
interval are shown together with the standard errors; these 
results have been derived from the Photon counts for each 
1-km height interval, after allowing for the background noise 
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and correcting for the range dependence. The curves show, for 
comparison, the mean height distributions derived for each 
direction separately, the density scale being adjusted to give 
the best fit to the individual measurements near the peak. 
No attempt has been made to express the results in absolute 
sodium concentrations because of the possible variability of the 
atmospheric transmission coefficient and uncertainties arising 
from aerosol scattering in a calibration procedure based on 
returns from lower heights. The results shown for the two 
directions in Fig. 1 provide evidence of short term changes 
in the sodium layer which are different at locations separated 
by as little as 15km at the height of the layer. Specifically, 
the sequence of measurements for the zenith, in comparison 
with the mean curve, indicates an upward movement of the 
layer between 0210 and 0214 or 0218 and a return to below 
the original height by 0227. The corresponding change in the 
data for the 10°E direction is seen as a downward movement 
between 0212 and 0216; a return to the original height, and 
even an upward movement, is suggested in the data for 0231. 
These results imply vertical movements of ~ 2 km in the sodium 
layer,- these movements being of opposite sense at points 
separated by ~ 15km. Furthermore, the suggestion of a 
reversal in the sense of the movement near the end of the 
observing period for each direction is consistent with an 
oscillation of period ~ 20 min. This is the first time such a 
small scale horizontal structure has been detected in the 
atmospheric sodium layer. With the data available it is not 
possible to distinguish between a horizontally moving structure 
and the passage of an atmospheric gravity wave. We note, 
however, that a simple interpretation of such a periodic 
oscillation with a horizontal wavelength of ~ 30 km in terms 
of a gravity wave propagating in the absence of a horizontal 
wind would require a vertical wavelength of ~ 7 km, whereas 
the vertical motions seem to be cophasal over the whole weight 
range of the sodium layer. 

Our programme of measurements, which were carried out 
over eight nights during the period September 1975—January 
1976, showed that, in general, the sodium layer showed little 
smali scale spatial variation or temporal changes over periods 
up to ~ 1h. This is illustrated in Fig. 2 which shows the 
measurements carried out on October 5, 1975 with the laser 
beam directed 10°E and 10°W of the zenith, corresponding 
to a horizontal separation of ~ 30 km at the height of the layer. 
The results for each direction show no evidence of any pro- 
nounced variation of the layer over the 40-min observing 
period. Moreover, a detailed comparison of the data on which 
the mean curves for the two directions are based shows that the 
differences are not significant. On two of the nights of observa- 
tion, beam inclinations of 30° to the zenith were used, corres- 
ponding to a horizontal separation of ~ 100 km at the height 
of the layer. Even with this separation, significant differences 
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were observed only at heights < 82 km. In connection with this 
lack of variability, it should be noted that previous measure- 
ments at middle latitudes of the height variation of atmospheric 
temperature’ and of very low frequency waves reflected from the 
D region” have indicated that the greatest degree of variability 
at mesospheric heights would be expected during winter 
months. It is intended to extend this type of measurement with 
improved system sensitivity and greater horizontal separation 
of the region being sounded. 

We acknowledge the contributions of M. C. W. Sandford 
and E. Hammond to the design and construction of the laser 
radar system. 
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Atmospheric temperature 
calculated for ozone depletions 


Tue proposal that the Earth’s protective ozone layer is 
being depleted by free chlorine produced by the photolytic 
decomposition of chlorofluoromethanes (CFCh and CFrCh, 
R11 and R12) has been the subject of much discussion and 
controversy’. Although the effects of ozone removal on 
human health is a prime concern, attention has also been 
directed towards the possible influence on the stratospheric 
temperature profile‘ with associated consequences for the 
climate. In previous papers‘* it was shown that uniform 
depletion of stratospheric ozone leads to cooling of the 
stratosphere. To obtain a realistic bound on the maximum 
extent of stratospheric cooling, we have computed the 
thermal effects resulting from model D of Wofsy et al." for 





ozone depletion caused by chlorofluoromethane decom- 


position. 





Nature Vol. 263 September 9 1976 


Fig. 2 Variations of the height distribution of 

atmospheric sodium at 1 (a) and 10°W (b) 

to the vertical to a horrzontal 

separation of ~ 30 km ata 

The curves represent the mean of all 
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1975. 
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In model D the authors calculated the time dependence 
of the atmospheric ozone profile for an assumed 10% yr” 
growth rate of R11 and R12 usage (equivalent to doubling 
every 7 yr), assuming the 1972 emissions were 2.2x*10° and 
3.5X10* tonnes respectively. The decrease from the 1972 
ozone profiles are shown in Fig. 1 for the years 1979, 1984, 
and 1996 (the ozone profiles were obtained from S. C. 
Wofsy, private communication). , 

As an input to their calculations, Wofsy et al.* used a 
temperature profile which was based on the 1966 standard 
atmosphere and assumed to remain unchanged through 
1996. They report that their model gives a good representa- 
tion of the ozone profile for the undisturbed atmosphere, 
when compared with available data’. 

To establish internal consistency in our results, we first 
computed a 1972 temperature profile using the Manabe- 
Wetherald (M—W) model’, and the Wofsy et al. 1972 
unperturbed ozone profile. The results were in essential 
agreement with Wofsy’s assumed temperature profile, Next 
the 1979, 1984 and 1996 temperature profiles were com- 
puted assuming only that the ozone profiles changed in 
accordance with Wofsy’s model D prediction (Fig. 1). The 
results are shown in Fig. 2. 

As shown before‘, an appreciable temperature decrease 
(of the order of several degrees) was calculated in the 
stratosphere while a slight but uniform temperature increase 
was calculated throughout the troposphere. The largest 
change in magnitude was ~ —7.5 °C at 40 km, for a 33% 
ozone depletion (1996). This is similar to the results of 
McElroy et al." for the stratospheric temperature effects of 


decrease’, based on R11 and R12 
at a rate of 10% yr (model D). 


Fig. 1 Percentage of ozone 
increasing 
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SST fleet operations, who found a maximum temperature 
decrease of ~ —10 °C at 40 km. In both cases the strato- 
spheric cooling results from a decrease in the absorption of 
visible and infrared radiation by ozone. 

The increased uncertainty in our calculated temperature 
change (Fig. 2) for 44 and 48 km reflects the difficulty in 
treating adequately the increasingly complex spectra of the 
optically active atmospheric constituents at high altitudes. 

Our calculated tropospheric temperature changes were 
0.04 °C for 1979, 0.07 °C for 1984 and 0.16 °C for 1996, a 
roughly linear increase with time, at a rete of ~ 0.06 °C/ 
10 yr. This slight surface heating is the result of more 
solar radiation being absorbed by the particulate layer 
which, in turn, heats and radiates more infrared radiation 
downwards to raise the surface temperature. 

Similar calculations for the ozone profiles of ref. 8 give 
a surface temperature increase of 0.14 °C for his case I and 
0.15 °C for bis case I. In case I, Crutzen assumed a fixed 
yearly Freon release rate (equal to the world 1972 produc- 
tion rate) imo the troposphere and determined that a steady 
state would be reached by the year ap 2055. Halocarbons 
would then be diffusing out of the troposphere into the 
stratosphere at the same rate at which it & being released 
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Fig. 2 Calculated tem changes, based on the calculated 
tre prole nas eal McElroy and Sze*. The 1972 tempera- 
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at the surface. In these steady-state conditions he calculated 
that the ozone would be reduced by 7.0% of its 1972 level. 
For production increasing at 10% yr (Wofsy, model D) 
this change would be reached by 1987. 

The Crutzen ozone profiles were also used to test the 
sensitivity of the temperature calculation to surface albedo. 
As the surface albedo was increased from 0.1 to 0.6, the 
, stratospheric cooling increased ~ 0.4°C while the tropo- 
spheric heating decreased ~ 0.06 °C. Thus the dependence 
on surface albedo seems to be of relatively minor im- 
portance in the stratosphere and of greater importance 
for surface temperatures. 
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These cafculations suggest that a drop of several degrees 
in the stratospheric temperature might occur by the end of 
the century if ozone depletion proceeds according to model 
D of Wofsy et al. More recent reaction rate constants are 
felt to reduce these ozone depletion rates by a factor of 
~ 2 (see ref. 9) and it has been found” that the photocross- 
sections for R11 and R12 are reduced at lower tempera- 
tures. In addition, it has been suggested that CIONO, may 
be of significance in the photochemistry of stratospheric Os. 
These effects, of course, were not included in the Wofsy’s 
calculated ozone reductions, which I have used. The im- 
portance of this temperature effect on climate (if any) has 
not yet been established. Since previous calculations have 
indicated that the thermal effect may be strongly influenced 
by the altitude of the maximum in the ozone profile‘, the 
results obtained here would be expected to vary with both 
Jatitude and season. 
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A possible Himalayan microcontment 


One of the most significant features of the Himalayan mountain 
chain is its crystalline core which separates the tectonic belts 
of the Palaeo—Mesozoic-Camozoic rock sequences of the 
Himalaya in the south and those of the Trans-Himalaya in the 
north. This crystalline core is described as the Central Crystal- 
line Zone! and the Central Barrier’. There are indications 
that the rocks of this zone are essentially a Precambrian— 
Proterozoic rock suite’®, although they were strongly re- 
mobilised during the Himalayan orogeny. No hypothesis on 
the evolution of this tectogene has yet explained satisfactorily 
the existence of the crystalline core*’*, and taking this and the 
tectono-stratigraphic evidence into consideration and identify- 
ing some constraints in the existing models on the origin of the 
Himalaya, an alternative model, based on plate tectonics, 
involving microcontinents, is suggested here. 

In the geosynclinal models the Central Crystallme Zone 
has been given distinct geotectonic status as the Central 
Himalayan geanticline*, intrageanticline’, and miogeanticline’, 
but its role in such models is uncertain. There have been 
attempts also to fit the stratigraphic and tectonic picture of the 
Himalaya into an Alpine framework*?°. Such an attempt 
runs into difficulties because, although the Himalaya is a 
Cainozoic mountain chain, the extent and type of Meo- 
Camozoic sedimentary and tectonic record do not permit a 
satisfactory application of the classic Alpine geosynclinal 
model in the Himalaya™. The bulk of the rocks in the Himalaya 
sensu stricto are reworked Precambrian/Proterozoic basement 
rocks, and Cainozoic granite-granodiorite massifs, which 
occur in the Axial and Inner Tectonic Belts!*, roughly defining 
the core of this chain (Fig. 1). A narrow zone of tectonised 
Palaeo—Mesozoic rocks, having a marked lateral inconsistency 
and strong stratigraphic breaks at places, occur to the south 
of these belts as allochthonous masses, thrust over the Cainozoic 
sediments of the Foothills. The Palaeo—Mesozoic sedimentary 
record is, however, fairly complete in the Tibetan zone of the 
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Trans-Himalaya. The most prominent and continuous dis- 
location zones are the Main Boundary Fault (tectonic contact 
of the allochthonous Pre-Tertiary rocks with the Tertiary 
rocks), Main Central! Thrust (tectonic contact of the Axial 
gneisses and granites with the reconstituted Precambrian- 
Proterozoic rocks of the Inner Belt), Trans-Axial Thrust 
(tectonic contact of the Tethyan sedimentary sequence with the 
Axial rocks). North of the main Himalaya, the Indus~Tsangpo 
suturet13 possibly defines an ophiolite-melange zone. These 


dislocation zones and the character of the rock suites involved” 


between them, seem incongruous in the regional perspective of 


eu—miogeosynclinal couple which is one of the fundamental 


tenets of the geosynclinal hypothesis. 

In the plate tectonic model, the Himalaya is considered to be 
the classic example of a continent—continent collision system“, 
although such a system is not yet fully understood’*, The appli- 
cation of such a model?” is faced with no fewer difficulties than 
those in the geosynclinal models. The plate tectonic models 
postulate the existence of a Tethys ocean, thousands of kilo- 
metres wide, India and Eurasia, before the foundering 
of the Gondwanaland!*"1*-1*, and therefore, the Himalaya is con- 
sidered to have originated at the site of this consumed ocean. 


The crystalline axis of the Himalaya and the Palaeo—Mesozoic - 


shallow marine and even continental sedimentary sequence 
to the South and North of this axis impart the main geological 
constraint to such models. Moreover, Tibet is mildly seismic” 
and no Tertiary to Sub-Recent volcanics are recorded in this 
region. The gravity data in the Himalaya clearly isolate it 
geophysically from the Trans-Himalayan region™. These 
facts do not fit well in a scheme involving direct collision 
between the Indian and Tibetan shields. Plate tectonic models 
are in a state of confusion, which can be realised from the fact 
that it is still a matter of conjecture and personal conviction 
as to where the junction between the Indian and Eurasian plates 
actually lies. The suggestions are that it lies along the Indus— 
Tsangpo suture!®, the Main Central Thrust’? and even the 
Tien Shan**, These difficulties have apparently led to the 
suggestion™ of a Greater India in the Gondwanaland, and to 
the proposal* that the Himalaya might represent an intra- 
continental mountain chain. Because of this confusion, and 
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considering the stratigraphic, palaeontological and palaeo- 
magnetic data, the idea of wide oceanic separation between 
India and Tibet has also been criticised™ ™. 

It seems that many of these inconsistencies and difficulties 
in the concept of evolution of the Himalaya can be overcome 
if this tectogene is considered to have originated through the 
interaction of the Indian shield and a cluster of microcontinents, 
instead of a direct collision between the Indian and Tibetan 
shields, across the Tethys. Such an interaction would account 
for, among other geological and geophysical attributes which 
characterise the Himalaya and isolate it from other segments of 
the Mediterranean mobile belt, the crystalline core with 
Cainozoic granite—-granodiorite intrusives, shallow marine and 
platform sediments on either side of this core. The presence of a 
microcontinent would also imply a reduction of effective width 
of the Tethys which is necessary*?*™ to explain the geological 
picture of this region. 

A strong tectonometamorphic break™ in the Himalayan 
stratigraphy is indicated by extensive Permo—Carboniferous 
conglomerate and boulder-bed (Blaini-Rangit-Lachi). This 
break is linked with the Hercynian hiatus after which Gondwana 
sedimentation had commenced in Peninsular India. A corre- 
lation between the Precambrian—Proterozoic and Palaeozoic 
rocks in the Himalaya and those in the Indian Peninsula, and 
relict Peninsular structural grains in the Himalayan rocks'** 
point to an inheritance of the Indian shield elements by the 
Himalaya. The suggestion that the Himalaya is essentially a 
Hercynide fold belt™ is also relevant in this connection. It is 
likely that Hercynian distension caused either opening or 
widening of the embryonic Tethys and that during this process 
rifting of the northern edge of India took place, so that a 
cluster of microcontinents came into existence between the 
main continents of India and Tibet (Fig. 2). This distension 
was responsible for the Gondwana graben system in India and 
Upper Palaeozoic sedimentary—volcanic sequence in Tibet. 
As this process continued, the oceanic separation between the 
microcontinent and the Tibetan shield increased to give rise to 
what may be designated as the Mesozoic Tethys. In the initial 
stages, the Himalayan basin® was a rift system and an em- 
bryonic ocean, which as indicated by Upper Palaeozoic basic 
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Fig. 2 Plate tectonic cartoon showing the 
evolution of the Himalaya with the 
involvement of microcontment. 
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volcanics in Kashmir and Eastern Himalaya, contained mantle 
reaching fractures?®, Major and trace element geochemistry 
of these volcanics from a part of the Eastern Himalaya (un- 
published data of the author) suggests that they are transitional 
between ocean floor and ‘within plate’™ basic rock suite. Most 
probably, continued rifting and distension caused appreciable 
thinning of the continental crust and at a late stage, formation 
of an intermediate or oceanic crust in this basin. Rift tectonics 
are amply demonstrated by lateral inconsistency and temporal 
heterogeneity in Upper Palaeozoic and Mesozoic stratigraphy 
which ranges from marine, platform to even continental types. 
Local intermingling of Gondwanic fauna with the Eurasian 
types in the sediments of the Himalayan basin would suggest 
that the microcontinent did not behave as a solid barrier 
between the Tethys proper and the Himalayan basin. There 
might have been a few isthmuses. 

In late Mesozoic time the Tethys began to shrink in con- 
sequence of northward drift of the Indian plate which carried 
along with it the microcontinent. In early Cainozoic period the 
northern edge of the microcontinent collided with the Tibetan 
shield along the Indus-Tsangpo suture. The Tethyan sediments 
were squeezed up and ophiolite-melange exotic blocks! were 
thrust to the south which now occur in association with the shal- 
low marine sediments deposited at the northern edge of the 
microcontinent. Either a part of this microcontinent or similar 
continental blocks in the Tethys might have been thrust below 
Tibet to cause thickening of the continental crust in the latter. 
Because the orogeny had a south-directed polarity?*, later in the 
collisional sequence the northern edge of the Indian shield col- 
lided with the microcontinent, probably after the suturing of the 
Tibetan shield and the microcontinent. As a result, the micro- 
continental basement rocks, reworked during this orogeny, 
were thrust over the folded and dislocated cover sediments of 
the Himalayan basin to the south. As indicated by the positive 
gravity anomaly, the oceanic slab of this basin probably lies 
slung beneath the mountain chain. It also seems likely that 
underthrusting of this slab may be linked with the generation 
of Camozoic granite-granodiorite intrusive rocks in the 
Axial zone of the Humalaya, which are difficult to explain in 
plate tectonic models where direct collision between India 
and Tibet is postulated. The orogenic polarity 1s exhibited by 
the Plio—Pleistocene Siwalik molasse deposits which are con- 
tained in the lmear trough at the down-buckled northern edge 
of the Indian shield, and which are deformed and overriden 





by the allochthonous Palaeo—Mesozoic rocks, and in some 
cases, even by the Precambrian—Proterozoic rocks. The bi- 
phasal collision scheme suggested here is supported by palaeo- 
magnetic evidence”? provided by DSDP cores which indicates 
a faster rate of northward movement of India from the Cre- 
taceous to the Middle Eocene (the phase of the disappearance 
of Tethys and the collision of Tibet with the microcontinent), 
and a subsequent slower rate from early Oligocene (the phase 
of interaction between the Indian shield and the microcontinent). 
The Indus—Tsangpo suture and the Trans—Axial thrust have 
been virtually inactive in recent times, but the northerly thick- 
ened sediments in the Indo—Gangetic trough™, the neotectonic 
features and the seismic pattern™’* in the Himalaya suggest 
that the main movements are localised in the microcontinental 
domain, along the Main Central Thrust, and in the fold—thrust 
belt to the south. 

It therefore seems appropriate to conclude that the Himalaya 
might indeed represent reconstituted and ‘digested’ upthrust 
microcontinental blocks which tectonically rest over the 
deformed cover rocks, deposited in the Himalayan basin. 
The Tethys, if it ever existed as a very wide ocean, as normally 
postulated, had little direct role in controlling the stratigraphic 
composition of this tectogene. 

I thank Dr B. A. Sturt for comments on the manuscript. 
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The sea level m the last interglacial 


4©Th/**U dating of coral terraces at 2-9 m above sea level 
on ‘stable’ oceanic islands has suggested that the sea level 
during the last interglacial, 120,000-140,000 yr BP (refs 1-3) 
was slightly higher than at present. However, accurate dating 
of interglacial shoreline facies on continental coasts far 
removed from plate boundaries has been largely neglected 
(the west coast of Australia! and Florida‘ are exceptions). 
Attempts have been made to date interglacial shoreline 
deposits from SE Australia using molluscs*, but this has 
proved unreliable*®. The recent discovery of buried corals at 
two localities on the E coast of Australia has provided an 
opportunity to determine more precise ages by **Th/**U 
dating. ` 

Multiple bay barriers composed of siliceous sand are a 
common geomorphic feature along the central and northern 
coasts of New South Wales. Two distinct barrier systems, the 
Inner Barrier and the Outer Barrier, have been recognised’. 
The Outer Barrier system is a Holocene feature, that has 
developed since sea level reached its present position ~ 6,000 yr 
ago’. The Inner Barrier system extends intermittently for 
almost 1,000 km along the coast north of Newcastle. Marine 
facies of this system occur at elevations of 2-8m above 
present mean sea level, as determined by seams of heavy 
mineral and primary sedimentary structures formed on high 
energy, open coast beaches (tidal range ~ 2 m at spring tides). 
Lagoon facies are locally well developed and achieve maximum 
elevations of 4-6 m above mean sea level. There is no evidence 
of coastwise tilting of either facies in New South Wales. 

The corals dated for this study come from two localities in 
association with the Inner Barrier, one near Newcastle (latitude 
33°45’S; longitude 151°133’E), and the other near Evans 
Head (28°04’S; 153°27’E). In both cases the corals are in 
close proximity to bedrock promontories. Two coral species 
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from Newcastle were collected from an excavation 7 m below 
MSL at the base of a marine transgressive sand unit within the 
Inner Barrier. Corals from Evans Head were collected from an 
exposure behind the Inner Barrier on the south bank of the 
Evans River within present tidal limits. One specimen, identified 
as Pocillopora damicornis, was in its growth position, while 
others (Acropora sp., Favites sp.) seem to have been only 
slightly reworked. The corals and associated molluscan fauna 
suggest deposition in a shallow quiet-water lagoon, open to the 
sea. 

`” The radiochemical data and ages of the corals are shown in 
Table 1. The corals from beneath the Inner Barrier near 
Newcastle give consistent ages of 143,000 and 142,000 yr BP 
(12,000). The corals from behind the Inner Barrier of Evans 
Head gives ages ranging from 112,000-127,000 yr BP; the 
in situ coral has an age of 118,000 +9,000 yr Br These dates 
confirm that the Inner Barrier was formed during the last 
interglacial. Of the five samples from Evans Head two are 
considered to be unreliable even though their ages agree 
reasonably well with the others. One coral (74630127) has a 
high uranfum concentration and a high ***Th/**U activity 
ratio. The other coral (74630128) has a *“*U/**U activity 
ratio greater than that of modern corals, and it also has a very 
high ***Th/!™"Th activity ratio. 

The corals from Evans Head are ~ 20,000 yr younger than 
those from Newcastle. Evidence from New Guinea®?*, Jamaica”, 
and Timor (J. Chappell, personal communication), suggests 
that there were two stands of high sea level during the last 
interglacial at ~120,000 and 135,000 yr BP, with possibly 
a minor regression in between. The stratigraphy and morphology 
at the two coral sites in New South Wales indicate that the coral 
deposits near Newcastle could have been formed during a 
marine transgression before the 135,000-yr Bp high sea level, 
while the Evans Head corals did not begin to grow until the 
second high sea level between 125,000 and 118,000 yr BP 
Although the pattern of dates from Newcastle and Evans Head 
are generally consistent with those established from coral 
terraces of tectonically uplifted areas, the precise relations 
between dated corals, highest sea levels reached during the last 
interglacial, and deposition of the Inner Barrier, are not well 
enough understood to establish an interglacial sea level curve 
for eastern Australia. The relationships between barrier and 
lagoon facies are, however, clear enough to point to a sea 
level during the final phase of the last interglacial ~ 46m 
above present sea level. 

It is difficult to determine the precise elevation of interglacial 
sea levels on oceanic islands. The last interglacial terrace on 
oceanic islands varies between 2 and 9m above present sea 
level. The unstable nature of many oceanic islands, and the 
uncertain position of dated corals with respect to sea level at the 
time of growth probably accounts for such differences. There is 
also the problem of the relationship between relative sea levels 
inferred from oceanic islands and those from continental 
coasts resulting from differences in their respective hydro- 





Table 1 Radiochemistry and ages of corals from the Inner Barrier of New South Wakes 








Sample Coral Total U "MU "=Th aTh Age 
num species (p.p.m.) bU TH) Th (10° yr) 
Newcastle Bight 
74630115A Gontopora lobata 2.73 £0.05 1.11 +0.02 0.75 +0.03 0.01 143+12 
74630115B Blastomussa wellsi — 3.30 +0.04 1.10 +0.01 0.74 +0.03 0.02 142+12 
Evans Head 
74630127 Montipora sp. ` 4.37 +0.07 1.13 +0.01 0.65 +0.03: 0.05 112+9 
74630128 Platygyra lamellina 3.12+0.08 1.18 +0.03 0.69 +0.07 0.28. 1224+23 
74630129 Acropora sp. 3.75 +0.05 1.11+0.01 0.66 +0.03 0.02 114+9 
74630130 Acro sp. 3.62+0.07 1.13+90.01 0.70 +0.05 0.02 1274+18 
74630137 Pocillopora ' 
aaie 3.44 +0.05 1.11 +0.01 0.67 +0.03 0.02 118+9 
All samples are 100% aragonite. 


*in situ. 
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isostatic behaviour!*1*, Nevertheless, for oceanic islands and 
continental coasts not located near plate margins the degree 
of difference may be < +2 m. The maximum relative mean sea 
level for the unwarped New South Wales interglacial deposits 
based on elevations of lagoonal—tidal flat surfaces is 5+1 m. 
This compares quite well with the recent estimate of 7.6 m for 
the 120,000-yr-old Waimanalo shoreline on Oahu, Hawaii’. 

In New South Wales, there is no clear evidence for marine 
deposition older and higher than those of Inner Barrier age. The 
outer continental margin is subsiding at the rate of 0.01 m per 
103 yr determined from seismic and bore data from eastern 
Australia, a figure comparable with similar continental margins 
elsewhere'*. Therefore, it is likely that sea level returned 
approximately to the same position, or slightly lower, during 
each succeeding interglacial over at least the past 700,000 yr 
(ref. 15). In the documented spectrum of Quaternary sea level 
oscillations, the last interglacial appears to. have been an 
exceptional event in so far as it was characterised by a great 
ocean water volume and warm sea temperatures’*, Inner 
Barrier elevation and faunal composition further support this 
conclusion that global ice volumes were smaller m the last 
interglacial than at present. 

The authors are indebted to Drs J. Veron and J. W. Pickett 
for identifying corals and molluscs, and to Drs R. McLean and 
P. Roy for assistance in field sampling. 
J. F. MARSHALL 
Bureau of Mineral Resources, 
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Stab initiation of explosions 


MECHANICAL initiation of fast reactions in solids can be achieved 
by various methods: impact!*, friction’, and shock*. Although 
it is now generally accepted that the initiation starts with the 
degradation of mechanical energy to heat, the precise mechan- 
isms by which the energy conversion takes place are not under- 
stood clearly. I am concerned here with the initiation mechanism 
in a column of a compacted solid primary explosive when 
stabbed with a hard small angle metallic conical striker, which 
I show to be frictional. A model is presented, which, for the 
first time, gives a quantitative estimate of the maximum tempera- 
ture rise generated during the tmpact. 

The model is based on experimental investigations of the 
deformation behaviour of compacts of various reactive materials 
(silver azide, lead azide, lead azotetrazole) when hit with steel 
conical indenters. These indenters had semi-apex angle 15°, 
were polished to a surface roughness of 5 um and had a flat tip 
of diameter 15 pm. The compact of a selected material (particle 
size up to 25 um) was made in an aluminium cylindrical con- 
tainer, 4.3 mm in diameter, 4.8 mm high and 0.25 mm wall 
thickness, by placing a quantity of the material in the container 
and compressing with a tightly fitting cylindrical punch to a load 





Fig. 1 Adhesion of particles to the indenter tip during 
penetration. 


of 215kg. Indentations were carmed out using an Instron 
machine (crosshead speed 0.166 mm s~?) and it was found that 
the load, L, and indenter penetration, x, were connected by 


L = k,x* (1) 


where k, is a constant. An important observation was that 
during the indentation surface particles of the compact became 
firmly attached to the indenter tip and formed a thin coating on 
it (see Fig. 1). 

Other studies on the deformation of compressed powders of 
inert materials with steel wedges (semi-apex angle 15°) revealed 
that the particle flow trajectory met the wedge surface at 7/2, 
and this, combined with the observations described above 
(equation (1)), suggests that the deformation of the compact by 
small angle indenters can be described by plasticity theory*® with 
a high value of the coefficient of friction between the indenter 
and the compact. This means that during the whole penetration 
period, the particles firmly attached to the indenter surface will 
rub against bulk particles with a relative veolcity of (1—sin"15°), 
where v is the indenter velocity. On the other hand, the relative 
movement between the particles in other regions (that is, away 
from the indenter surface) of the compact will not occur for the 
whole period of the indentation. Moreover, as the thermal con- 
ductivity of the particles is much smaller than that of the 
indenter, the temperature generated at the metal/particle inter- 
face will be much smaller than at the particle/particle interface. 
Therefore, during indentation the maximum temperature rise 
will occur at the surface of the particles attached to the indenter. 


Fig. 2 Calculated temperature rise indenter penetration 
graphs when two conical indenters of different masses but ha 
the same initial kinetic energy impact a column of 

lead azide. a, Indenter mass 0.145 kg; velocity 0.5 m s~}; b, 
indenter mass 0.290 kg; velocity 0.353 m s™. th indenters 
come to rest at a penetration of 1.16 mm. Note that the steady- 
state temperatures are reached well before the indenters come to 

rest. 
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To calculate the magnitude of the maximum temperature rise 
it is assumed that the particles attached to the indenter tip rub 
against a ‘continuous plane surface’ provided by the particles in 
the bulk. Now consider the case of one of the particles attached 
to the indenter. The frictional heat produced per second per unit 


area is 
unW1—sin'15°)», 
A 


where u is the coefficient of friction, A the area of contact, and 
w, the normal force on the particle. For a compact, the normal 
force w, for a particle of a given size can be calculated by 
assuming that the normal force on the surface of the indentation 
is uniform. The temperature rise can then be calculated by using 
the method of Blok* (any temperature rise from chemical reac- 
tions is neglected). If the contact area is circular of radius R, 
and q, and q, are the fractions of heat going into the particle and 
the plane surface, respectively, (that is, gi: tq, = 1), the tem- 
perature rise AT at the centre of the contact area after a time t 
is given by 


Tœ 4 | bw —sin*15°)w,(1 —exp(—R*pe/42)) 
nipe 


LAAMJpc ak 


where p is the density, à the thermal conductivity, c the specific 


heat and 
` ~1 
n W1—sin*l5°)Rpc 
w= [EE ) 


Now we can calculate the maximum temperature rise when a 
conical striker (semi-apex angle 15°) of mass M is dropped on 
to a compact for which the value of the constant k, (equation 
(1)) has already been determined by experiment. The motion of 
the indenter will be given by 


dix 
MT om — kx’ (3) 


This can be integrated to give the indenter velocity as a function 
of time. Then, by using equation (2), we can calculate the 
temperature rise at any time (or penetration) during the impact. 

As an example, the temperature rise is calculated when a 
conical striker, mass 0.145 kg, strikes a compact of lead azide 
(compaction pressure 14.8 kg mm~—*) with an initial velocity of 
0.5 ms‘. Lead azide has been chosen since all the parameters 
in equation (2) are known and are: 

Wp = 2.27 10° kg (for a particle 25 um across) 

kı = 3.53 kg mm“ 

c = 485x10'Jkg 3? K 

A = 16x10-2Jm‘s7K™ 

p = 4.7x10?kgm“ 

u = 0.28 (for the case of plastically deformed contact, see 

ref. 7) 

R = 6.4 um (the value of R was obtained separately by com- 
pressing a lead azide particle against a rigid surface by a load 
equal to the normal force on a particle of that size during the 
indentation of the compact). 

The results of the calculations are shown in Fig. 2. Curve a is 
for a 0.145-kg indenter, whereas curve 6 is that for a 0.290-kg 
indenter, but with the same initial kinetic energy as before. It 
will be seen from Fig. 2 that the temperature rise first increases 
quite rapidly with penetration, but its increase then slows down, 
and reaches a ‘steady-state’ value well before the indenter comes 
to rest. Note that the value of the steady-state temperature rise 
for the 0.145-kg indenter is 118 K, whereas it is 93 K for the 
0.290-kg indenter and also that, for a given penetration, the 
0.145-kg indenter gives a higher temperature. This explains the 
observations from stab sensitivity tests of an explosive carried 
out with indenters of different masses that the efficiency of 
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initiation of reaction is higher for the indenter of smaller mass. 

The steady-state temperature for the 0.145-kg indenter is 
118 K plus the initial temperature of lead azide (293 K), giving 
391 K; the ignition temperature of lead azide is ~ 620 K and 
therefore initiation of reaction is not to be expected, as is found 
experimentally. The same impact conditions are, however, just 
sufficient to cause initiation of reaction in lead azotetrazole 
whose ignition temperature is 493 K. The coefficient of friction 
for lead azotetrazole is twice that for lead azide, but the other 
physical properties of the two materials are similar. The esti- 
mated steady-state temperature is ~ 530 K. Therefore we expect 
a higher ignition probability for lead azotetrazole than for lead 
azide. 

Our model also predicts that reaction initiation should occur 
at the indenter tip after the indenter has penetrated a certain 
minimum distance (for a given initial velocity of the indenter). 
High speed photographic studies of initiation of reaction in 
compacts of lead azotetrazole support these predictions, and 
a detailed account will be published elsewhere. 

I would like to thank Professor D. Tabor, Dr J. E. Field and 
Dr J. T. Hagan for discussion’and comment. The work was 
supported by the Procurement Executive, Ministry of Defence. 
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Novel electrochemical reactor 


THE past decade has seen a revival of interest in most areas 
of electrochemical technology because of its relevance to 
some of the more important problems of modern society, 
such as environmental pollution, scarcity of natural 
resources and energy conservation. Electrochemical pro- 
cesses are quite unique in the sense that they do not need 
any chemical to carry out oxidation reduction reactions, 
instead the energy transfer is by an imert electrode. Con- 
sequently processes are generally ‘clean’ and do not create 
undesirable waste products. 

The major limitation for the widespread use of electro- 
chemical processes has been the unsatisfactory develop- 
ment of electrochemical reactors, but recently’ there has 
been increased activity in this area. Most electrochemical 
processes are limited by mass transfer rates, and attempts 
have been made to develop reactors with greater mass 
transfer capabilities, for example the fluidised bed, the 
packed bed and other three-dimensional particulate 
reactors’. The limitations of these are well documented*”’, 
especially the non-uniformity of electrode potential 
generated by poor electronic contact between the particles. 

We have developed a novel electrochemical reactor based 
on packed carbon fibres as the working electrode. The 
primary design characteristic in this reactor is the increase 
of mass transfer rates while simultaneously having a 
controllable and uniform electrode potential over the 
entire electrode surface. The carbon fibres, which are pro- 
duced by the thermal decomposition of polyacrylontitrile, 
have very favourable properties as electrode materials 
because of their high electrical conductivity and hard 
vitreous surface. They also show favourable hydrogen and 
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oxygen overvoltage characteristics with a working range of 
—1.4 to +1.2 V SCE in neutral solution. This gives a wide 
window which is especially important in the anodic range. 
The most outstanding property of carbon fibres for our 
use is their enormous surface area. Fibres are typically 
5-10 um in diameter so that 1g of carbon fibre has a 
surface area of 2.6 10° cm (ref. 6). This is ~ 1,000 times 
larger surface per unit volume than other types of particu- 
late reactor. 

As a result of the increased surface area, the mass 
transfer rates in this type of reactor approach those 
achieved by some heterogeneous catalytic reactors; as a 
consequence it should have immediate impact on a wide 
range of electrochemical processes which were hitherto 
economically and technologically unfeasible. As an example 
we can cite an application of environmental importance, 
the electrowinning of trace toxic metals from effluent. 

The reduction of Cu** was taken as an experimental 
reaction, and it was found that for a 100 p.p.m. solution at 
a flow rate of 3.0 ml min™ a 99.3% conversion was achieved 
in a single pass through the reactor with a 12-s residence 
time. This compares to a residence time of 1-4h for 95% 
conversion in packed bed and parallel plate reactors. This 
performance is several orders of magnitude greater than 
anything achieved by other reactor designs, the major 
improvements in the mass transfer rates arising from (1) 
the large surface area of fibres, (2) the low porosity and 
low adsorption characteristics of the fibres and (3) the fluid 
flow profiles in the reactor. 

Scale up studies of the reactor are currently in progress, 
keeping the ratio of electrode area to reactor volume 
constant, and reactors of 101h™’ capacity are now func- 
tioning. The optimum bed depth of carbon fibres is 1 cm. 
Although the primary design consideration was for mass 
transfer controlled reactions, it has been found advan- 
tageous as well to carry out kinetically controlled reactions 
in this reactor. Various electrochemical processes are being 
investigated using this reactor and in all of them the major 
advantages are: 

(1) The reactor can operate at lower current densities 
without corresponding decrease in yield, resulting in a sharp 
decrease in the cost per unit of production. 

(2) It is possible to operate reactions with high yield at 
realistic time scales. 

(3) The decrease in capital cost because they can be 
operated in a single pass process by having appropriate 
design parameters. 

This should lead to substantial cost saving for all pro- 
cesses. Details of further work with this reactor will be 
reported in later publications. 
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Equilibrium bicontmuous structure 


BICONTINUOUS partitioning of a volume is produced by inscribing 
a continuous, orientable surface of positive genus without 
self-intersection. This divides the volume into two multiply 
connected, interpenetrating subvolumes, each of them physically 
continuous (mathematically connected). Neither on a line 
nor in the plane is there an analogue. A bicontinuous structure 
is a bicontinuous partitioning in which each subvolume is 
filled with a distinct, not necessarily uniform composition or 
state of matter. In familiar examples one subvolume is solid 
or semi-solid, for example sandstone or sponge. An inter- 
spersion of two phases is bicontinuous only if each phase is 
connected across the specimen. 

The idea put forward here is that bicontinuous structures may 
arise in fluids. The possibility of fluid analogues of porous 
media seems not to have been noticed before. The writer finds 
no mention of it in the literature on macroemulsions, periodic 
colloid structures, microemulsions, micellar solutions, mesomor- 
phous phases and lyotropic crystals. Microemulsions, micellar 
solutions and mesomorphic phases are equilibrium states that 
typically consist of appreciable amounts of water, hydrocarbon 
and amphiphile’?. Some display cubic symmetry, which is 
interpreted in terms of discontinuous submicroscopic globs of 
one composition dispersed in a continuum of another’. An 
alternative is a periodic bicontinuous structure. For thermally 
disrupted, non-periodic bicontinuous structures, leading candi- 
dates are optically isotropic, light-scattering microemulsion 
phases containing comparable amounts of water and hydro- 
carbon!!; when one predominates, the other is often solubilised 
within discrete micellar structures of amphiphile. In micro- 
emulsion saturated with water and hydrocarbon, however, there 
is evidence that if discrete structures exist they are neither 
globular, tubular nor lamellar on the average and the continuous 
zone is dominated by neither water nor hydrocarbon®. The 
structural scale is beyond resolution by light microscopy and 
probably falls in the range 5-80 nm. 

Intermolecular forces can conspire to elevate three energy 
effects to rule structure in this range. One is a sharp energy 
minimum when water and oil are everywhere segregated by a 
sheet of oriented amphiphilic molecules, the sheet constituting 
a partitioning surface, whether continuous or discontinuous. 
The second is a monotonic decrease of energy with decreasing 
area of the partitioning surface. The third is a sharp energy 
minimum with respect to the lattice parameter and symmetry 
of periodic structures, or mean scale length in partly randomised, 
isotropic structures. These three effects lead to a problem of 
constrained minimisation of area. 


Fig. 1 Process for transforming a simple cubic array of spheres 
into a periodic bicontinuous structure of fused truncated 
octahedra with the same symmetry, lattice distance and volume 
fraction of one-half. The net area change is a decrease of 15%. 
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Table 1 Fused polyhedra compared with dispersed spheres in cubic arrays 
—— aaa aaO 


Simple cubic Body centred Face centred 


Polyhedral subvolume Truncated Corner-notched Truncated 
octahedra cuboctahedra 

Complementary subvolume (‘voids’) Truncated Cubes and slabs Truncated 
octahedra tetrahedra and 

truncated cubes 

Volume fraction when areas are equal 0.40 0.53 0.57 

Volume fraction when spheres are close-packed 0.52 0.68 0.74 

Volume fraction when complementary subvolume becomes discontinuous 0.83 | 0.91 

Area ratio when volume fraction is 4 0.85 1.04 1.07 

Range of volume fractions at which fused polyhedra have less totalarea 0.40-0.52 0.32-0.47 0.26-0.43 
0.48-0.60 0.53-0.68 0.57-0.74 


Calculations show that, for cubic symmetries, there are 
intermediate ranges of the ratio of the two subvolumes, within 
which a bicontinuous structure is favoured over dispersion of 
either subvolume as separate spheres. Examples are fused 
polyhedra with the same cubic symmetry and lattice parameter 
as the arrays of spheres, each polyhedron having originally as 
many vertices as the coordination in the array. Areas at fixed 
volumes fractions are compared in Table 1; a process for making 
comparisons is pictured in Fig. 1. Notice that with body- 
centred and face-centred lattices there is a gap around volume 
fractions of 4, in which dispersed spheres are again favoured. 

Fused polyhedra represent upper bounds on partitioning area 
when symmetry, lattice parameter and volume ratio are fixed: 
the area can be further reduced by rounding edges and warping 
faces, The ultimate is a periodic minimal surface®’. According 
to an unrefereed note’, 17 intersection-free, infinite. periodic 
surfaces of cubic and other symmetries have been discovered. 
Portions of two are shown in Fig. 2 (refs 8, 9). With few excep- 
tions’ areas and volume fractions are unreported. Nor has 
their stability been studied. ‘Almost periodic’ and otherwise 
less regular minimal surfaces of high genus seem not to have 
been examined mathematically. 

Minimal surfaces have no mean curvature and Satisfy the 
Young-—Laplace equation for menisci between immiscible bulk 
phases at the same hydrostatic pressure. Thus minimal surfaces 
of high genus might occur, if only transiently, as part of the 
interface in a macroemulsion, particularly in the phase-inversion 
range. 

To account for variations in microemulsion properties 
Winsor’ hypothesised that an amphiphile-dominated sheet, 
or partitioning surface, tends to become concave towards its 
hydrophilic or oleophilic side. In the concept of equilibrium 
bicontinuous structures this is equivalent to a fourth energy 
effect, a dependence of energy on curvature invariants (ref. 10, 
and M. L. Robbins, unpublished) or, in the extreme, a constant. 
non-zero mean curvature as a constraint. The minimisation 
problem becomes more difficult, and evidently has not been 
investigated even for periodic surfaces. 

Equilibrium is governed by free energy, which encompasses 
entropic contributions besides energy effects. Thermal motions 
have to be accounted for in principle by identifying all energy 
States accessible to the system, in practice only those with energies 
close to that of the most probable state. Statistical thermo- 
dynamics indicates that thermal fluctuations can alter lattice 
distance and symmetry in periodic bicontinuous structures and 
that as temperature rises, periodicity and symmetry can be 
destroyed by the ever-greater shape excursions by the parti- 
tioning surface. On microemulsion scales these excursions are 
likely to cause connectivity fluctuations through pinching off 
and rewelding of narrow necks. As composition or temperature 
change and the energy minimum grows shallow compared to 
kT, this action can gradually yet completely destroy the con- 
tinuity of one of the subvolumes, and then further reduce its 
mean coherence length until it is a dispersion of globs in the 
other subvolume. This may explain a striking feature of water- 
oil-amphiphile microemulsions: their continuous evolution into 


a water-continuous solution of oil-swollen globular micelles 
on dilution with water, and into an oil-continuous solution 
of water-swollen inverted micelles on dilution with oil! 2. 
Bicontinuous structures may be present in mesomorphic, 
liquid-crystal-like phases regarded as dispersions of spheres, 
cylinders or lamellae. As with microemulsions, experiments are 
needed which discriminate unequivocally among the possibilities. 
Basic mathematical investigations of certain genus surfaces are 
indicated. Statistical physics can be brought to bear on what 


Fig. 2 Examples of intersection-free, periodic, minimal surfaces, 
(a) Neovius’s (ref. 9), simple cubic lattice; (b) Schoen’s gyorid 
(ref. 8), body-centred cubic lattice. 
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may be a state of matter related to ordinary liquids as porous 
<- media are to homogeneous solids". 
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Why be an hermaphrodite? 


Many animals and most higher plants are hermaphrodites. 
The basic argument of this paper is that the sex habit of a 
species is determined by selection acting on the number of 
offspring produced by individuals of different types. The 
argument differs radically from most earlier explanations of 
the evolution of hermaphroditism (reviewed by Ghiselin)'?, 
although it is formally similar to a recent explanation? of 
sequential hermaphroditism, in which individuals function 
first as one sex and then the other. 

Our fundamental assumptions are as follows. (1) Genes in a 
zygote can act as switches, directing development into one or 
other type (male, female, hermaphrodite), or, in hermaphrodites, 
can alter the relative allocation of resources to male and female 
functions. (The theory does not apply if sexual type is deter- 
mined by cytoplasmic factors, as is sometimes the case for male 
sterility in plants.) (2) The total production of male plus female 
gametes by an individual is constrained to lie within a “fitness 
set”; which cannot be altered by genetic change. It will be shown 
how the form of the fitness set determines the sex habit. 

Consider, for concreteness, a plant species, and let m, f, and 
h be the numbers of male, female and hermaphrodite individuals 


\af =constant 
1.0 \ 





á 1.0 p 1.0 


Fig. 1 a, A “fitness set” for the allocation of sex function. a is 
the pollen produced by an hermaphrodite, as a fraction of the total 
produced by a male individual. 8 is the corresponding parameter 
for a female. All possible values are assumed to be to the interior 
of the curve. With a concave curve, the hermaphrodite popula- 
tion is not an ESS, but a dioecious population is. b, Optimal 
resource allocation for an hermaphrodite. With a convex tradeoff 
curve, the hermaphrodite is an ESS. The ESS resource allocation 
(a*B*) is the point on the an which maximises the product 
aß. 
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respectively in a population (counted at conception). For 
simplicity all individuals are assumed to have the same survival 
rate to adulthood. A male can produce N pollen grains, a 
female can produce n seeds, and an hermaphrodite aN pollen 
grains and Bn seeds. The fitness set can then be represented as 
a graph of a against 8, as in Figs 1 and 2. 

Suppose the population produces R offspring. Assuming 
self-incompatibility, and using “fitness” to mean the expected 
number of offspring produced by an individual, 

fitness of a male = R/{m + ait), 

fitness of a female = R/F + Bh), 

fitness of a hermaphrodite = R[a/(m-+ah) + B/U + BaD. 

If the situation is to be evolutionarily stable, two conditions 
must be satisfied: (1) the fitnesses of any types actually present 
in the population must be equal, and (2) the values of a and ĝ in 
hermaphrodites, if present, must be an “evolutionarily stable 
strategy,” or ESS*; that is, the actual phenotype, (a*f*), of the 
hermaphrodites present in the population must be as fit as or 
fitter than any mutant phenotype (aß) lying in the fitness set. 

Case 1. A= 0. Population dioecious. By condition (l), 
Rim = Rif, or m = f. This is the familiar conclusion that the 
primary sex ratio is 1:1 when the costs of male and female 
offspring are equal’. 

A dioecious population can be invaded by an hermaphrodite 
mutant if a/m + B/f > 1/m; that is, ifa + B > 1. Et follows 
that a dioecious population is stable only if the fitness. set is 
concave (Fig. la). If it is convex (Fig. 15), then only the 
hermaphrodite population is stable. 


1.0 
`> Go. 
NXT, 
I 
YN Ta 
NN Sp 
B NK 
a 7 
p T eS — p= 
x an fe 
hS 
EA NS 
yi S 
ia 
Da 
a e 1.0 


Fig. 2 An ESS which is a mixture of sexual types. If the curve is 

convex—concave, it may be possible for a pure sex (in this case 

a female) to invade. The resulting mixture is stable if G@) a* + p” 

> 1, Gi) B* < 0.5, Gii) a*B* is the point which maximises a/(i~B). 
This curve illustrates gynodioecy. 


Case 2. m= f=0,h= Population hermaphroditic. 
If (a*B*) is the phenotype of typical members of the population, 
and (aß) of a rare mutant, then (a*B*) is an ESS if the fitness 
of (af) is less than or equal to that of (a*$*) for all points on 
the boundary of the fitness set. For stability against small 
perturbations, this requires that (a/a* + B/B*) be at a local 
maximum when a = a*, B = 6*. This is equivalent to the 
requirement that the product a*. B* be a maximum (Figure 14). 

This is analogous to MacArthur’s® conclusion that selection 
will maximise the product of the number of males and females 
in a dioecious species. If the fitness set is bounded by the line 
a + B= 1, as will be approximately true if pollen and seed 
production are limited by the same resources, then the ESS is 
for an hermaphrodite to divide its resources equally between 
pollen and seeds’. 
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Case 3. h #0, f #0, m= 0. Population gynodioecious. 
The criterion a*B* maximal provides a local stability criterion 
for a hermaphrodite population. But can a population with 
h= 1 be invaded by males or females? It can be invaded by 
females if R/B* > 2R, or B* < 0.5. Provided, however, that a + 
B > 1 for some part of the fitness set, hermaphrodites will not 
be completely eliminated. 

Figure 2 shows a fitness set for which the ESS is gynodioecy. 
Let (a*B*) be the stable phenotype of the hermaphrodites. 
Then the stable sex ratio, obtained by equating the fitness of 


implies an excess of hermaphrodites, as is in fact observed in 
natural populations’. It also implies that as the frequency of 
females increases, the resource allocation by the hermaphrodite 
shifts towards male function. This shift has also been observed?®, 
The fitness of a rare mutant with a different resource allocation, 
(aß), is given by 


V= Rla/Qn + a*h) + B/U + BFA] 
= Ria/a* + B/A — B/A 


The condition for (a*B*) to be an ESS is that V should be at a 
local maximum; which is equivalent to the requirement that 
a/(1—B) should be at a maximum when a= a*, B = B*. 
The ESS can therefore be found by drawing a tangent as in 
Fig. 2. 

The conditions for androdioecy, h + 0, f= 0, m «0, are 
similar. All three types can coexist only in the artificial and 
unlikely case, a + B = 1 exactly. 

The conclusions can be summarised by saying that we would 
expect to find monoecy or hermaphroditism in species for which 
the fitness set is convex, dioecy if it is concave, and androdioecy 
or gynodioecy if it is concave—convex. 

Are there any general reasons why fitness sets should be 
convex? We can offer three suggestions. (1) Low mobility: 
in animals, Ghiselin}? has noted that hermaphroditism tends 
to occur in species with low adult mobility. Low mobility will 
tend to be associated with a convex fitness set because in such 
species there will be little sexual dimorphism (except perhaps 
dwarf males) since males will not envolve special locomotory 
or aggressive structures for seeking out and holding females. 
This means that a single individual can effectively serve both 
functions. Furthermore, low mobility limits male reproductive 
success--the number of eggs that a male can competitively 
fertilise (or an hermaphrodite acting as a male) should rise at less 
than a linear rate with resource input into male function. Note 
that this model assigns a different role to low mobility than the 
classical “low density model’ as developed by Ghiselin?*. 
Even if all the eggs produced in the population are fertilised, 
the convex fitness set implies hermaphroditism. 

(2) Low resource overlap: in plants pollen production occurs 
earlier in the season, for each species, than seed maturation. 
The two processes therefore depend, in part, on different 
resources, and one would therefore expect a hermaphrodite to 
do better than a linear combination of male and female. 
In animals, brooding will imply a convex set because female 
expenditure will occur later than male expenditure. Ghiselin! 
has pointed out that hermaphroditism in animals tends to occur 
in immobile species in which individuals brood the young. 

(3) Cost sharing: in insect-pollinated plants, some energy 
must be expended by all types on producing organs of attrac- 
tion which may serve both male (pollen) and female (ovule) 
function. If a plant’s reproductive success tends more to be 
limited by its ability to attract pollinators than its direct input 
of resources into gametes, the fitness set will tend to be convex. 
The conclusion depends on assumptions, which merit further 
investigation, on how a plant allocates resources between organs 
of attraction and more directly reproductive structures. It does, 
however, suggest that dioecy should be rarer in insect-pollinated 
than in wind- and water-pollinated species. 
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We do not claim that the selective forces associated with 
resource allocation are the only ones relevant to the evolution 
of hermaphroditism. In plants, dioecy may evolve as a mecha- 
nism to prevent self-fertilisation™. When associated with self- 
fertility, hermaphroditism may be an adaptation to situations (for 
example, parasitic and sessile animals; annual, monocarpic and 
colonising plants!?) in which opportunities for cross-fertilisation 
are rare''*, We have also ignored possible effects on resource 
allocation of factors such as sperm storage (which is common 
in invertebrates!?) and pollen or sperm competition. Models 
considering these factors are now being developed and will be 
published elsewhere. The relative importance of these various 
selective forces can be determined only by comparative studies 
of the distribution of the sex habit, which we are undertaking. 

The model outlined in this paper, and its biological inter- 
pretation, was developed independently in Utah and at Sussex. 
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Tip formation is regulated 
by an inhibitory gradient in the 
Dictyostelium discoideum slug 


THE cellular slime mould Dictyostelium discoideum (Dd) has 
proved suitable material for investigation of pattern formation. 
The morphogenetic field controlling Dd aggregation is now 
uniquely well characterised'**. Whether its characteristics are 
unique or universal is not known. Here, I help to put the slime 
mould into a general perspective by comparing its pattern 
formation with that of another well studied organism. I have 
used grafting experiments to investigate secondary axis regu- 
lation in the Dd slug. The experiments parallel the use of grafts 
by Wolpert and collaborators to elucidate hypostome regulation 
in hydra’’*. They show that hydra and the slug use formally 
similar mechanisms for axis regulation. The known features 
of the Dd aggregation control system suggest that this does not 
account for axis regulation in the slug. (Details of the ex- 
perimental procedure are given in Fig. 1 legend.) 

A tipless slug (2345) was grafted with correct polarity to a 
range of anterior segments. This was to test the capacity of 
posterior cut surfaces at various levels in the slug to inhibit tip 
regeneration. The result (Fig. 2a) shows a posteriorly decreasing 
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Fig. 1 Like hydra, the Dd slug has one obvious axis of polarity 
(its major axis), and a terminal organiser or dominant region 
(the anterior tip)*!°*. A second tip inserted into a slug can organ- 
ise a new axis. Tip excision delays development till a new tip is 
regenerated. If the excised tip is replaced, regeneration is usually 
inhibited. Axial grafts were used to investigate the inhibition 
process. a, Large slugs (1-3 mm) were taken from growth plates 
and laid on non-nutrient agar®NC4. They were measured into five 
sections of equal-length (1 anterior->5 posterior) and cut at one 
or more section boundaries, to make desired segments (for 
example, | and 2345). b, Grafts were made by joining the cut 
surfaces of a pair of slug segments as described in the text. Anter- 
ior and posterior graft segments were always from different 
members of a pair of slugs approximately matched for size. 
Most grafts were repeated 50-100 times. Chimaeric slugs re- 
sulting from grafts usually migrated for some time before making 
a fruiting body. 

*Hydra is bipolar, with two terminal organisers (the distal 
hypostome and the proximal foot). The slug is probably unipolar. 
Here, I compare tip regulation in the slug with hypostome 

regulation in hydra. 


gradient in capacity to inhibit a secondary axis (linear agres- 
sion: first degree coefficient 0.22). A similar result is found 
for hydra™®: 1, The data give a reasonable fit to a linear regres- 
sion line (P > 99.5 °) but the fit is not significantly improved for 
higher degree polynomial plots. Two possible trivial explanations 
of this result were tested and eliminated (Fig. 2b, Table 1). 

The results above suggest that Dd slugs contain an axial 
gradient in a parameter that inhibits tip formation. If this is 
true, we may also expect a gradient in threshold for a response 
to the inhibition. The low level of inhibition at region 4/5, 
which is demonstrably insufficient to inhibit tip formation 
by region 2 (high threshold), might thus inhibit tip formation 
by region 5 (low threshold) in the intact slug. The results of 
grafts to test this prediction are shown in Fig. 2c. They show a 
posteriorly decreasing gradient in threshold, exactly as in 
hydra’:*)_ The gradient is probably nonlinear (improved fit 
to a second degree polynomial just significant at the 5°% level). 

In hydra, secondary axis inhibition is reduced if the host 
organiser (hypostome) is removed just before making an axial 
graft’?’®. Thus, a hydra H12/1234B56F graft makes two new 
hypostomes (one from each 1 region) but an H12/1234/B56F 
graft makes no new hypostomes and retains only the original 
hypostome. This result, and others, which parallel my findings 
in Dd have been interpreted (by Wolpert)* in terms of the following 
concepts. 

Hypostome inhibition is proposed to be caused by a fast 
regulating diffusion gradient of an inhibitory substance (1). 
I is secreted by the hypostome and destroyed elsewhere in the 
hydra. The I gradient interacts with a slowly regulating gradient 
of similar form in a cell state variable (P). P sets the threshold 
for a response to [. Interactions between I and P lead to hypo- 
stome formation in a predictable way. Removal of the host 
hypostome causes a fall in I and enhances secondary hypostome 
formation at local P maxima caused by grafting. It also causes 


a relatively faster fall in I at the anterior end of the hydra, where sa C 
gCTENCE COL na 
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Land P concentrations are initially high, with consequent forma- 
tion of an anterior hypostome. The model thus provides a 
rule for polarity. 

Tipless slug segments were compared with their intact 
(tipped) homologues as inhibitors of secondary axis formation. 
We also tested segments lacking 12 and even 123 to seek 
evidence for a distributed source of tip inhibitor (Table 2). 
We found that removal of the slug tip never reduces secondary 


Fraction of secondary axes inhibited 





Axial position of test surface 


Fig. 2 Results of some grafting experiments. Ordinate, inhibition 
of secondary axes (axes formed by the posterior slug segment); 
abscissa, axial level of the cut surface in the test segment, 1, Cut 
between segments | and 2; 2, cut between segments 2 and 3 and 
so on. The data were obtained as results of individual experiments 


the test surface to withstand inhibition by the anterior segment. 
This suggests a gradient in threshold for inhibition of secondary 
, axes in the slug, Numbers of grafts for this experiment: 1:78 2:70 
we | OPO 3-63 4: 
he 3:63 4:64. 
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axis inhibition and neither does removal of segments back to 
and including segment 3. Two explanations are possible 
within Wolpert’s type of model. (1) The Dd I gradient shows 
considerable local homoeostasis, or I diffuses very little. The tip 
and other distant regions are thus unimportant as a short term 
source of local I. P shows more homoeostasis or diffuses less 
than I. (2) The tip is a localised source of fast diffusing I. 
As in hydra, organiser (tip) removal causes a general fall in 
I and enhances organiser formation at local P maxima. The 
parameters of organiser determination and differentiation 
(to inhibitory competence) differ, however, between hydra 
and the slug. Specifically, determination and differentiation 
are well separated in time in hydra and not in the slug. Two 
slug tips developing close together may thus compete (inhibit 
each other). In contrast, adjacent hydra hypostomes can usually 
develop independently. 

The second hypothesis predicts that the tip of a single 
chimaeric slug developing from an appropriate graft (with a 
tipless anterior segment) may sometimes come from the posterior 
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Table 1 Effect of slug length on tip inhibition 


Graft Fraction of No. of grafts Mean fraction 
secondary axes of inhibition 
inhibited 

1234/2345 0.25 8 
0.20 10 
0.17 12 
0.0 12 0.21 
0.33 12 
0.20 15 
0,33 9 

1234/23 0.25 8 
0.13 8 
0.0 10 0.15 
0.0 8 
0.38 8 
0.10 10 
0.20 10 

12/2345 0.77 13 
0.60 10 
0.60 10 
0.73 15 
0.60 10 0.74 
0.80 10 
0.79 14 
0.88 8 
0.88 8 
0.75 8 


mecca a 


To test the possibility that the observed gradient in secondary axis 
inhibition arises because artificially elongated slugs (with inter- 
calary inserts) are mechanically unstable, the grafts 1234/2345, 
1234/23 and 12/2345 were compared with each other. 1234/23 gave no 
more inhibition of secondary axes than 1234/2345 (greater length, 
same anterior and posterior graft surfaces). It gave significantly less 
inhibition than 12/2345 (same length, anterior graft surface moved 
forward). The length hypothesis is ruled out and a gradient of 
inhibition in the slug is suggested. The figures in columns 2 and 3 are 
results of separate experiments. 


segment. According to the first hypothesis, this result would be 
impossible. The prediction was tested and found true (Table 3). 

The present data show that tip regulation in the Dd slug 
can be described in terms identical to those used to describe 
hypostome regulation in hydra. Results obtained with both 
organisms are well explained by assuming interactions between 
a fast diffusing substance (I or r)®?? and a non-diffusible or 
slowly diffusing substance or cell-state variable (P or a). In 
this respect, both hydra and the slug resemble a third pattern- 
forming system (the insect segment). These similarities 
Suggest the existence of a general class of pattern-forming 
system. They indicate that insights into Dd pattern formation 
will be of general interest. 

For clarity, and to emphasise similarities, I have discussed 
the data in terms of Wolpert’s model for the regulation of 
hypostome formation in hydra I note that the results obtained 
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Table 2 Inhibition by normal and decapitated segments 


Graft Fraction of No. of grafts Mean fraction 
secondary axes of inhibition 
inhibited | 
12/2345 0.77 13 
0.60 10 
0.60 10 
0.73 15 
0.60 10 0.74 
0.80 10 
0.79 14 
0.88 8 
0.88 8 
0.75 8 
2/2345 1.00 i] 
0,88 8 
0.63 8 
0.88 8 0.83 
0.75 8 
0.75 8 
0.88 8 
1234/45 0.67 12 
0.92 12 
0.88 8 0.77 
0.75 8 
0.58 12 
0.82 li 
34/45 0.77 9 
0.75 8 0.75 
0.63 8 
0.83 8 
4/45 1.0 9 
0.88 8 
0.80 10 0.84 
0.70 10 
0.80 8 
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Tipless slug segments, and segments lacking longer anterior portions 
(12, 123) were compared with their intact homologues as inhibitors 
of secondary axis formation. None of these decapitated segments 
seems less effective than their homologues as inhibitors of secondary 
axis formation. Grafts leading to close proximity between the fronts 
of anterior and posterior segments gave slightly increased inhibition 
(2/2345 gives significantly more inhibition than 12/2345). The figures 
in columns 2 and 3 are results of separate experiments. 


in hydra and Dd can be explained by at least one other type 
of model based on two variables'®. There is not yet any 
evidence to justify commitment to a particular model. 

The finding that there is an axial gradient in the capacity 
of a slug tip to inhibit formation of a second tip must also be 
evaluated in terms of what is already known about the tip 
as an embryonic organiser. 

The tip appears first in the late Dd aggregate™?, It is then an 
Organiser because it is a pacemaker region, where waves of 
chemotactant secretion are initiated. The tip thus controls the 
movements of the aggregating cells. The waves have polarity 
(that is, propagate centrifugally), but, as far as is known, 
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Table 3 Fate of anterior tissue in normal and decapitated chimaeras 


Fractions of grafts in which 


Graft Front tissue Mixture of front Front tissue No. of 
Stays at front and back tissue moves back grafts 
at front 
12/2345 1.00 0.0 0.0 50 


2/2345 0.51 1.11 0.38 47 





Hypothesis 2 predicts that grafts of tipless anterior segments 
may give rise to chimaeric slugs in which the tip comes from the 
posterior segment. Grafts using tipped anterior segments should never 
do this. To test the prediction, we made 12/2345 and 2/2345 grafts, 
using a (neutral red) stained anterior pomni: In 12/2345 grafts, 
the stained tissue always remained at the front of the chimaeric slug 
(there is some diffusion of dye from the stained part). In 2/2345 
grafts, the whole stained piece moved backwards in 38% of cases. 
The slug tip was then made from white (posterior) tissue. The predic- 
tion is vindicated. The frequent posterior tip formation observed 
in the 2/2345 grafts implies that competition between anterior and 
posterior developing tips is almost unbiased in this graft. This is 
consistent with the strongest form of hypothesis 2 (tip as sole source 
of inhibitor, with little inhibition by a decapitated 2 region). 
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convey no scalar information. Their effectiveness as signals 
does not diminish with distance (r) from the tip™* 1, 

The ability of an aggregate tip to inhibit formation of a 
neighbouring tip should work by way of entrainment of the 
presumptive tip tissue and its prospective field by these propa- 
gating waves. This inhibitory effect should thus be independent 
of r. The finding of a distance dependent inhibitory effect in 
the slug suggests that the slug tip functions differently than 
the aggregate tip. I suspect that this difference in function 
relates to the genesis of a regulative scalar pattern of differenti- 
ation in the slug!*:!’, The relevance of these findings to previous 
models for Dd pattern formation is discussed elsewhere (in 
preparation). 

I thank Frida Vork for her help with the grafting experiments, 
Dorothy Parsons for typing the manuscript, and Ilse Aleven and 
Leen Boom for the illustrations. 
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Diet-induced alterations in 
distribution of multiple forms 
of alcohol dehydrogenase in Drosophila 


Ir is now well accepted that enzyme polymorphisms are wide- 
spread among organisms. Electrophoretic polymorphisms in 
particular have been extensively studied and discussed!. One 
enzyme, alcohol dehydrogenase (ADH) has received special 
attention because the relative proportions of two polymorphic 
forms (allozymes), Adh" and Adh®, in Drosophila, seem to vary 
with environmental temperature?*. The situation with regard 
to Drosophila ADH, however, is complicated by the fact that 
even in flies homozygous for a given electrophoretic variant or 
allozyme, three forms of ADH activity are observed after 
electrophoresis*~*, They are distributed in such a way that 
(on agar gel electrophoresis) the one which migrates most 
cathodally (termed ADH? in the Adh” strain) has the highest 
activity, but is the least stable to heat. The least cathodally 
migrating form (ADH! in the Adh” strain) has the least activity 
and is the most heat stable, whereas the third form (ADH? in 
the Adh" strain) is intermediate with respect to both activity 
and heat stability (Fig. 1a). These forms are termed isozymes, 
in order to contrast them with the allozymes described above. 
We have been interested in ADH and its genes because of 
their potential utility in investigating gene control in Dro- 
sophila >. We have formulated a model to explain the mech- 
anism of formation of the isozymes", according to which, the 
three isozymes in any one homozygous strain have the same 
primary structure: they are dimers of identical subunits of 
molecular weight 2.5 x 104 (ref. 11). The different electro- 
phoretic mobilities of the three isozymes result from the 
differential, non-covalent binding of a low molecular weight, 
negatively charged molecule. ADH® has none of this molecule 
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Fig. 1 Schematic representation of the isozymes of Adh*. 
a, Migration is towards the cathode. The most intense strain is 
represented by a solid oval, intermediate staining by the cross- 
hatched oval, and the open oval represents the least intensely 
stained zone. b, Model to explain the formation of the three 
isozymes. The circles represent the subunits of ADH, and the 
triangles a negatively charged, NAD-carbony! compound 
addition complex bound non-covalently to the dimer. ADHEP 
has one mol of this compound bound; ADH’, two mol (ref. 11 
and J. O'Donnell, M. S. and W. S. unpublished). 


bound, but ADH? and ADH! have one and two mol bound per 
mol of enzyme (Fig. 1b). The low molecular weight molecule 
has been tentatively identified as an addition complex of 
nicotinamide adenine dinucleotide (NAD*) and a carbonyl 
compound (ref. 11 and J, O'Donnell, M. S. and W. 8. un- 
published) of uncertain structure. (In contrast to the epigenetic 
mode of formation of the isozymes, the allozymes are thought 
to display differences in electrophoretic migration because of 
changes in the primary structure of the ADH protein.) 

This model makes some very specific predictions. One is that 
if the concentration of the addition complex is increased, the 
relative proportion of the isozymes should change. Specifically 
(in the Adh* strain), ADH! and ADH? should form at the 
expense of ADH®. We therefore fed Adh” flies a number of 
compounds that are known to form addition complexes with 
NAD+ (ref. 12). A variety of other compounds, substrates of 
ADH, and some related compounds were also fed. An example 
of the results of these experiments is shown in Fig. 2. In this 
experiment, 3-hydroxy-2-butanone (acetoin) was fed to adult 
flies for 24 h in various concentrations. There is a decrease in 
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Fig. 2 Effect of acetoin in fly food on the isozymes of ADH. 
Acetoin was dissolved in water at concentrations indicated in 
the figure. (Controls, C, contained no added acetoin.} The 
solutions were added to four separate 2.6 x 8-cm vials containing 
dry Instant Drosophila Medium (Carolina Biologicals). Fifty 
adult (> 4d old) Adh" flies were transferred to each of the vials 
and incubated at 25 °C for 24h. The vials were sealed with a 
layer of Parafilm. After incubation the flies were collected, 
homogenised in 1 mi of 0.02 M sodium phosphate buffer, pH 
7.5, and centrifuged at 12,000g for 15 min. The supernatant 
fluids (SFs) from these flies were then used for agar gel electro- 
phoresis according to the procedure of Ursprung and Leone‘. 
The gels were stained for 1 h at 29 °C for ADH activity using the 
staining procedure of Vigue and Sofer“. The positions of 
migration of ADH*®, ADH? and ADH? are shown at the left of 
the figure. (The photograph has been processed by a high 
contrast procedure in order to show the results more clearly.) 
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the apparent activity of ADH® and a concomitant increase in 
activity of ADH? and ADH! as a function of increasing con- 
centrations of acetoin. (With an increased period of exposure, 
all the ADH activity can be shifted to the ADH! position.) In 
similar experiments, the following compounds were also found 
to lower the apparent activity of ADH® and raise that of 
ADH* and ADH!: 2,3-butanedione, 2,3-butanediol, 1,3- 
butanediol, 2-propanone (acetone), 2-butanone, 2-butanol and 
2-propanol (all at 1% concentration). All these compounds 
possess a secondary alcohol or carbonyl group, which correlates 
well with the marked substrate preference of Drosophila ADH 
for secondary alcohols’. 
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Fig. 3 Measurement of total number of ADH molecules by 
immunological titration of the fly supernatant fluids (SF, 
described in Fig. 2) shown in Fig. 2 with anti-ADH serum. 
Increasing amounts of fly homogenates were added to a constant 
volume of anti-ADH serum (prepared as described previously”), 
The abscissa indicates the volume in pl of the SF added to a 
constant volume (20 ul) of antiserum. After incubation for 
2.0 h at 25 °C and 0.5h at 4 °C, the mixtures were centrifuged 
at 12,000g for 20 min. The activity (in U per 50 uh remaining 
after centrifugation is plotted as a function of ul of the original 
SF added. ^, SF from control (0% acetoin) flies added to 20 ul 
of antiserum; @, SF from flies subjected to 1% acetoin for 
24h added to 20 ul of antiserum; x, SF from flies subjected to 
2% acetoin for 24 h added to 20 yl of antiserum: ©, SF from 
flies subjected to 4% acetoin for 24 h added to 20 pl of antiserum. 
The slopes of the four curves obtained after a linear regression 
analysis of the points are 0.81, 0.66, 0.50, 0.27 U per ul of the 
control, 1%, 2% and 4% of SFs repsectively. The x intercept, 
the equivalence point, is a function of the quantity of ADH-cross- 
reacting material. On the other hand, the slope of the line after 
the equivalence point represents the ADH activity per fly. 
Although the slopes decline threefold as a function of increasing 
concentrations of acetoin in the food, the equivalence points 
remain about the same. The equivalence points are 20, 13, 21, 
and 14 ul respectively, 


No significant alteration in the proportions of isozymes was 
found after feeding with 1% butyaldehyde, #-butanol, pyruvic 
acid, glyoxal, 1,5-pentanediol, ethanol, l-propanol or ace- 
taldehyde. In addition, the following compounds were fed 
(at 1% concentration) and were found to be lethal; cyclohexa- 
none, cyclohexanol and 2-pentanone. Many of the other com- 
pounds caused varying degrees of mortality, but enough flies 
remained alive for electrophoretic analysis. No simple re- 
lationship was observed between mortality and the ability to 
alter the ratios of the isozymes. 

The changes observed after feeding acetoin and other effective 
compounds are termed “conversion.” This term implies that 
either molecules originally destined to become ADH®, form 
ADH? and ADH!, or that ADH? molecules change into 
ADH? and ADH! molecules. In either case, the total ADH 
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activity would be expected to drop (since ADH? and ADH?! 
have lower specific activities than ADH’) as a result of con- 
version, but the total number of molecules of ADH in all 
forms would remain the same. The data in Fig. 3 confirm our 
predictions and support the interpretation that conversion is 
taking place. 

Two other predictions of the model have been confirmed. 
First, since strains homozygous for the three known allozymes 
each display three isozyme zones after electrophoresis, it is 
expected that each would show a similar response to being 
fed the effective compounds. Indeed, we found that in strains 
homozygous for the Adh? and Adh® variants, there was a 
change in the proportions of the three isozymes such that the 
less cathodally migrating forms seemed to increase in activity, 
whereas the more cathodally migrating forms lost activity after 
addition of acetoin to the food. 

Second, since it was postulated that the isozymes originated 
from changes in ADH and not some other related enzyme, no 
bands should appear after the feeding of effective compounds 
in strains lacking ADH activity. In fact, no ADH activity was 
detectable after electrophoresis after feeding flies of the Adh™ 
strain 1 % acetoin for 24 h. 

Finally, we reared flies on sterile Sang’s synthetic medium" to 
test the hypothesis that microbial flora were producing some 
compound that was causing the normal appearance of the 
isozymes. No differences in relative intensity of the isozymes 
were observed, however, when sterile cultures were compared 
with cultures kept in Sang’s medium with added live yeast. 

The experiments reported here are important for two reasons. 
First, since we predicted that some compounds that are capable 
of forming addition complexes with NAD+ would alter the 
distribution of the isozymes of ADH, the data lend additional 
support to our model for the origin of the multiple forms of 
ADH. Second, these studies show that the electrophoretic 
migration of ADH can be changed greatly by events presumably 
occurring outside the Adh locus. It is conceivable that mutations 
may arise which affect the metabolism of these carbonyl 
compounds such that their concentration increases, resulting 
in changes in migration of ADH on electrophoresis. Thus, 
electrophoretic variants may occur in ADH with no change in 
the primary structure of the enzyme. For population geneticists 
working with this and similar enzymes, it would seem advisable, 
where possible, to carry out a genetic analysis of any new 
variants to show that the polymorphism maps close to the 
structural locus of the enzyme. 

The three isozymes also differ significantly in stability®, 
and any alteration in the ratios of activity of the three forms 
could cause a shift in the heat stability of total ADH extracted 
from flies. Since it has been reported that natural populations 
are heterogeneous with respect to the heat lability of some 
enzymes!*, it would be reasonable in the case of ADH and 
related enzymes to check for differences in the activity ratios of 
the isozymes. Here again mutations at loci outside of Adh 
which affect the amount of NAD or carbonyl compound 
could very well influence the stability of the enzymes without 
affecting its primary structure. 
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Heat stability variants of 
esterase-6 in Drosophila melanogaster B 


Ir has been widely recognised that electrophoretic mobility 
alone does not distinguish all allelic variants of enzymes that 
exist in natural populations'*. Recent applications of various 
techniques, among them examination of the heat stability of 
allozymes, have revealed the existence of allelic variants among 
allozymes with identical electrophoretic mobility®*. I report 
here the existence and frequencies of heat-stability variants of 
esterase-6 in populations of Drosophila melanogaster, as well 
as an electrophoretic variant whose mobility is altered by some 
other, probably linked, modifier locus. 

Two common alleles of esterase-6 exist in natural populations 
as a stable polymorphism. In addition, several rare electro- 
phoretic variants, null alleles and heat-stability alleles have been 
reported** The nomenclature of Franklin’ has been used for 
esterase-6 alleles. My results show that, in the populations 
sampled, Est-61-° is a class of two alleles which can be differen- 
tiated on the basis of heat-stability, while Est-6'-'* is a class 
composed of three such alleles. Finally, Est-61°* has a mobility 
intermediate to those of Est-6+% and Est-6*:! when homozygous 
but it is indistinguishable from Est-6''* when heterozygous 
with all other lines tested (unpublished data). 

Males caught in the wild were crossed individually to females 
heterozygous for the marked balancer chromosome TM3"*, and 
a series of lines homozygous for a single third chromosome 
were obtained through the usual series of crosses”. The 
esterase-6 locus is located at 36.8 on the third chromosome’. 
Twenty males from each line were pooled and homogenised in 
0.2 ml of 0.1 M sodium phosphate buffer, pH 6.5. Aliquots of 
this crude homogenate were heated for 0, 5, 10, 15, and 20 min 
at previously determined temperatures (57.0°C for lines 
carrying Est-6'-, 59.5 °C for lines carrying Est-6'), in a 
constant temperature, circulating water bath with an accuracy 
of +0.1 °C. The control and heated aliquots were then sub- 
jected to starch gel electrophoresis according to the methods of 
Richmond* and scored visually for staining intensity of the 
esterase-6 band. 

Many of the extracted chromosomes carried recessive lethal 
genes and such lines could not be made homozygous. In these 
cases, if the lethal chromosome carried the Est-6!:" allele, it 
could be examined in --/TM3 flies, for TM3 carries Est-6)., 
Lethal chromosomes carrying Est-6'° could be likewise 
examined by outcrossing to Fst-6'° homozygotes, since all 
wild-type progeny of such crosses would be genotypically 
Est-6' /Est-6'°, Similar crosses involving non-lethal chromo- 
somes, which facilitated comparison of homozygotes and F, 
heterozygotes, showed the heat stability of the relevant band 
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Fig. 1 Heat-sensitivity profiles of Esi-6 alleles. 4, Est-6)"; 
a and b, Est-6''"!; ¢ and d, Est-6' °°"; heated for the indicated 
times at 59.5°C. B, Est-6)* and Est-6''°: a, Esr-6* °°: b, 
Est-61 39): ¢, Est-64-18"?: d, Est-6' 83: heated for the indicated 


times at 57 °C, 


to be unaffected by being heterozygous for a second electro- 
phoretic variant. 

Figure 14 is a zymogram showing the two heat-stability 
classes found among Est-6)' lines, while Fig. I8 shows the 
Est-6'" heat-stability classes and the allele, Est-6-°*, mentioned 
above. The class designated Est-6'-° is similar to the allele 
Est-6") reported by Wright and MacIntyre, while Est-6! 1°"! is 
probably identical to their Est-6"? (ref. 14). 

It is difficult to state with certainty that the observed variation 
is, indeed, due to variation at the esterase-6 structural locus. 
The following lines of evidence are, however, consistent with 
such an hypothesis. (1) F, progeny of the crosses Fist-6!:°¢"! « 
Est-6%90-2. Est-6198 x Fst-6) 1078: Es t-6h rk x Eigt-Gt 08°" and 
Est-6'0 x Est-6}193. and their reciprocals show heat stabilities 
intermediate to those of the parental lines. (2) F, progeny of 
the crosses Est-61:°! « Est-63-°°? and Est-6):20-t yx Espo62-188 
show segregation for heat stability not significantly different 
from the 3:1 ratio of stable to labile bands expected if homo- 
zygotes of the more stable allele and heterozygotes are scored 
as stable, while homozygotes for the less stable allele are 
scored as labile. 

The allele designated Esf-6'** is exceptional. Preliminary 
data suggest that a second locus alters the electrophoretic 
mobility of the Est-6}-* allele, such that it is indistinguishable 
from Est-6'", This modifier locus seems to have two allelic 
variants, one of which is dominant and results in this alteration. 
But the presence of occasional double-banded phenotypes in 
F, progeny which are segregating for the modifier locus suggests 
that Est-6':°* and Est-6'-** lines differ at both the structural and 





Table 1 Frequencies of Esr-6 alleles observed with electrophoretic and heat-stability criteria 
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N* Electrophoretic alleles Heat-stability alleles within electrophoretic classes 
Location 1.00 108 1.10 143 100-L 100-2 108 [10-1 [40-2 110-3 145 
Bloomington, Indiana 1 38 0.757 0.108 0.135 0.0 0.135 0.622 0.108 0.0 0.027 0.108 0.0 
Bloomington, Indiana 2 40 0.650 0.075 0.250 0.025 0.0 . 0.650 0.075 .100 0050 0.100 0.025 
McDougall, New York 22 0.682 0.0 0.318 0.0 0.091 0.591 0.0 227) 00 0.091 0.0 
Tempe, Arizona 8 0.625 0.0 0.375 0.0 0.0 0.625 0.0 125 0.125 0.125 00 

















*Number of chromosomes sampled. 
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Table 2 _ Latter indices of genetic distance, based on frequencies given in Table 1 


Electrophoretic alleles Electrophoretic and heat-stabili ! 
Location | Location 2 bs é a5 5. é ii pire 
Bloomington 1! Bloomintgon 2 0.396 0.378 0.018 0.505 0.478 0.027 
Bloomington 1 McDougall 0.376 0.340 0.036 0.531 0.481 0.054 
Bloomington 1 Tempe 0.406 0.350 0.056 0.526 0.477 0.049 
Bloomington 2 McDougall 0.387 0.378 0.009 0.506 0.476 0.030 
Bloomington 2 Tempe 0.402 0.387 0.015 0.484 0.472 0.012 
McDougall Tempe 0.353 0.349 0.004 0.506 0.476 0.030 
Mean 0.387 0.364 0.023 0.510 0.477 0.034 
Standard error 0.008 0.008 0.008 0.007 0.001 0.006 


the modifier locus. Thus, for the purpose of examining gene 
frequencies at this locus, I have considered Est-6!-°* to be an 
electrophoretic allele. 

Table 1 gives the observed allele frequencies among extracted 
lines for the esterase-6 locus, according to geographic origin, 
when mobility alone, and mobility and heat stability are 
considered. With the exception of Est-6'-*8, which occurred only 
once, no allele is unique to a population, although Est-61:°* was 
found only in the Bloomington, Indiana area. This is in contrast 
to the results reported by Bernstein et al.* in which two neigh- 
bouring populations of D. a. americana, which shared three of 
four electrophoretic alleles, were found to share only one of 
nine stability alleles. No such radical differences in the genetic 
similarities of populations compared were observed in the 
system under consideration here. 

Latter’ has proposed a measure of genetic distance between 
populations that is suitable for the comparison of closely 
related populations whose hierarchical relationship is not 
known. He defines two quantities: 6, a measure of average 
genetic distance between individuals within populations, and 
és, a measure of genetic distance between populations. They 
are defined as follows 


ô = 14> (Patt pu’) = +> [pat (1— pi)? + pi? A — pi) A) 


— -X pupu - Yip G-p a-p B 


where pı; is the frequency of the ith allele in the jth population. 
The net difference between populations is thus 6,—5. 

Values for all pairwise comparisons of the populations 
sampled are given in Table 2, using both electrophoretic and 
heat stability classes. While application of the second criterion 
does increase 6 and 63, the average net difference between 
populations is not increased significantly. Thus, the pattern of 
relative constancy of allele frequencies reported by O’Brien 
and MacIntyre’ on the basis of electrophoretic mobility alone 
is not significantly altered by application of the heat stability 
criterion. 

Genetic distance estimates are usually based on an averaging 
of several loci in populations’®. However, Hedrick”! has pointed 
out that if selective forces vary from locus to locus, such 
averaging will tend to give deceptive results. Therefore, the use 
of such an approach at the one locus studied here is valid as a 
measure of population differences at that locus. 

Analysis of the reported data does not follow the predictions 
of Maynard Smith? and King*, who propose that such variation 
is selectively neutral, and that the geographically uniform 
patterns of gene frequencies observed are a result of the limited 
number of charge states which the protein can assume. If such 
were the case, frequencies of hidden alleles should show a more 
random distribution than those of electrophoretic alleles. In the 
case of esterase-6 in D. melanogaster, no significant increase in 
randomness of gene frequencies is evident. This fact and these 
data are not sufficient, however, to indicate the action of 
selection at this locus. 
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Method to test inhibitory 
antibodies in human sera to wild 
populations of Plasmodium falciparum 


PROTECTIVE antibodies are involved in acquired immunity 
to malaria parasites’. Sera from monkeys immune to 
Plasmodium knowlesi contain antibodies which depress 
multiplication of the parasite in vitro? by, it is believed, 
inhibiting the invasion of red cells by merozoites’*. Anti- 
bodies inhibitory to parasites of a specific antigenic variant 
are of a higher titre than inhibitory antibodies which cross- 
react with different antigenic variants’. We have attempted 
to extend these findings to natural human infections with 
P. falciparum in The Gambia, West Africa, where P. 
falciparum malaria is hyperendemic. The entire population 
is exposed to infection and an effective immunity is only 
acquired over 4-5 yr (ref. 6). Immunity to P. falciparum can 
be passively transferred with IgG from immune Gambian 
adults’, 

Gambian sera were screened in vitro for anti-P. falci- 
parum activity as follows. Ring-stage parasites obtained 
from infected children by venepuncture were grown through 
schizogony in microtissue cultures” containing in replicate 
150 al of supplemented medium TC-199 and 100 ul of the 
following sera: (1) serum from the donor of the infected 
red cells; (2) Caucasian AB serum collected in the United 
Kingdom, and (3) serum from unrelated Gambians 
(matched for the ABO blood group of the infected cell 
donor). Parasite growth after reinvasion was measured by 
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Fig. 1 Incorporation of *H-isoleucine by P. falciparum parasites 

grown through schizogony in vitro in the presence of sera from 

21 different donors. Isotope (specific activity 26 Ci mmol—}) 

was added after schizogony to give 1 pCi per culture well. 

Cultures were collected 43 h later. Star, autologous serum; ©, 

Caucasian AB serum; @, African adult serum. Bars represent 
range of values. 


incorporation of *H-isoleucine and parasite multiplication 
was assessed by microscopic examination of smears of the 
cultured blood stained with Giemsa stain. 

In Fig. 1, the inhibitory effects on parasite growth of sera 
from 19 immune African adults are compared with the 
effects of two control sera. Most of the sera from African 
adults inhibited parasite multiplication and hence the in- 
corporation of isotope in the ensuing growth period. In a 
few (4/19) sera, parasite multiplication and isotope incor- 
poration were enhanced compared with controls. More than 
100 sera from Gambians aged 1-65 yr have been tested with 
parasites isolated from many different children. In about 
71% of the sera the multiplication rate of the parasites was 
at least 10% less than that in serum from the donor of the 
parasites. But multiplication was inhibited by 20% or more 
in only 61% of the sera tested and by 50% or more in only 
31% of the sera tested. Besides this rather low degree of 
inhibition, variability in the amount of inhibition was a 
frequent feature when the same sera were tested against 
parasites from different children. Table 1 summarises data 
from an experiment in which 11 sera from Gambian adults 
were tested against parasites isolated from four different 
infected children; the individual sera inhibited parasites 
from some children but not from others. 

These findings raise questions about antigenic diversity in 
P. falciparum parasites, as strong inhibitory activity might 
depend on correct matching of parasite (antigenic) type and 
antiserum, In addition, the specific inhibitory antibody res- 
ponse might be short lived, like the precipitating antibody 
response to certain P. falciparum antigens’. Matching of 
parasite population to antiserum was not controlled and 
there was no knowledge of the temporal relationship be- 
tween them in the experiments discussed above, nor was 
there in the studies of Phillips et al.*° and Mitchell et al.”. 
The remainder of this report concerns a method we have 
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devised to test known homologous or heterologous combina- 
tions of parasitised cells and sera. 

Heparinised blood (17 U ml”), as well as serum, was 
obtained from infected children. The blood was cryopre- 
served in a final concentration of 10% glycerol in Ringer 
solution at —20 °C; the serum was also frozen. Each child 
was treated once with chloroquine (5 mg base per kg) im- 
mediately after the infected blood was collected and a 
second serum sample was obtained 1-3 weeks later, after 
catabolism of the antimalarial. When the second serum 
sample was collected, 43 of the 50 donor children no longer 
had a patent asexual parasitaemia. It was expected that in 
the interval between collection of the two serum samples, 
each child would develop a specific immune response to the 
parasite population of which a representative sample had 
been cryopreserved. Precipitating antibodies usually appear 
within a week or two of treatment”. To compare the inhibi- 
tory activities of the first (I) and second (IT) serum samples, 
the appropriate frozen parasites were reconstituted and 
grown through schizogony in vitro in the presence of known. 
homologous or heterologous sera. 


ee ae ae eR Le cena TE SaaS EE A I eee Te nO 

Table 1 Distribution of 11 adult sera according to the degree. of 

inhibition they produced when tested with four different isolates of 
P. falciparum 


Percentage inhibition of Different isolates of ei red ea 


parasite multiplication 
None 3 0 11 i 
Up to 20 5 l 0 4 
Up to 40 3 2 9 § 
Up to 60 0 8 0 i 





Studies on the metabolism™ of chloroquine in man indi- 
cate that the dose we administered should have reached the 
minimum therapeutic level by day 7, the earliest time that 
we obtained the second serum sample from any child. To 
check for any antimalarial activity through residual chloro- 
quine, we carried out cytotoxic tests with the sera in micro- 
tissue cultures using P. knowles? as a model system. The 
results indicated that there was an overall reduction in the 
uptake of ‘H-isoleucine by P. knowlesi parasites grown in 
serum (II) samples, but this was not significant at the 5% 
level. The few (5/31) serum (II) samples that had a marked 
inhibitory effect on P, knowlesi did not consistently inhibit 
P. falciparum, nor were they among the samples taken 





Table 2 Plasmodium falciparum multiplication in serum obtained 
before (D and after dD) antimalarial treatment 























System Serum cells (1) ay 
7529 7529 100 

Homologous 7536 7536 100 
7540 7540 100 
7544 7544 100 
7519 7529 102 
7523 7529 52 
7525 7529 42 

Heterologous 7519 7536 56 
7529 7536 113 
7519 7539 -136 
7523 7539- 133 
7525 7539 96 
7529 7539 157 
7536 7539 135 
7506 7540 52 


7531 7540 


Results are expressed as percentage o 

logous serum (I). Triplicate tissi 
blood + 150 pl TC-199 + 100 
was calculated from the mean ri lic figu 
days between antimalarial treatment and collecti 
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Table 3 Uptake of *H-isoleucine (c.p.m. x 1073) by P. falciparum grown in serum obtained before (I) and after (II, TID antimalarial treatment 


System Serum Cells 
7525 7525 

Homologous 7531 7531 
7544 7544 

7580 7580 

7584 7584 

Heterologous 7569 7584 


AB I H IH 
1.31 3.21 (7) 0.23 (24) 2.09 
ND 3.32 (14) 0.05 
2.25 5.98 (14) 12.84 

1.46 2.54 (7) 0.28 

1.76 2.19 (7) 0.73 

1,76 4.13 (13) 1.08 


aaaeeeaa eeaeee aeee 
Duplicate tissue cultures each contained 10 ul of blood +- 150 ul of medium TC—199 +- 50 pul of serum + 10 ul of *H-isoleucine (lu Ci per 
well). Incorporation values are given as means. Italic figures indicate number of days between antimalarial treatment and collection of serum 


(II) or (ID. ND, Not done; AB, Caucasian AB serum. 


only 7d after antimalarial treatment. Factors other than 
residual antimalarial may account for this inhibitory 
activity. Furthermore, a few children returned 2-3 weeks 
after chloroquine treatment, with patent parasitaemias and 
in these children there presumably was no persistent chloro- 
quine activity. 

Data on multiplication of P. falciparum parasites in 
children’s sera taken before (I) and after (IT) antimalarial 
treatment are shown in Table 2. Parasite multiplication is 
given as a percentage of that in homologous (I) serum, so 
figures greater than 100% indicate enhanced parasite growth 
in homologous (II) or heterologous sera. 

Marked inhibition of parasite multiplication occurred in 
three of the four examples shown of homologous serum- 
cell mixtures. In the fourth example (7544) parasite multi- 
plication was enhanced in homologous (II) serum (see 
below). Table 2 also shows results obtained with four 
isolates of infected cells that were tested against hetero- 
logous sera. Again there was marked inhibition of parasite 
multiplication in most of the serum (II) samples (z test for 
12 paired (non-independent) samples gave P<0.001). On the 
other hand, in heterologous (I) samples, inhibition occurred 
in only 4/12 cases (some cases of cross inhibition might be 
expected because all the children had been exposed pre- 
viously to repeated malarial infection). The inhibitory 
activity of serum 7536 (ID in the homologous but not in 
the heterologous system (7539 cells) is notable. Specific 
inhibition is also suggested in the heterologous tests of 
serum 7523 (ID with cells from 7529 (inhibition) and 
7539 (no inhibition). 

Measurements of *H-isoleucine incorporation gave similar 
results. Table 3 shows that serum 7525 (ITI) taken 24d 
after antimalarial treatment was less inhibitory than serum 
(ID) obtained 7 d after treatment. Serum (ID, however, was 
not inhibitory in the P. knowlesi cytotoxic assay. By con- 
trast, serum 7544 (II) was inhibitory in the P. knowlesi assay 
but enhanced both parasite multiplication (Table 2) and 
Isotope incorporation (Table 3) in homologous tests with 
P. falciparum, No explanation for this enhanced growth 
can be offered at present but it may possibly be a nutritional 
effect. 

In conclusion, our results indicate that in most cases 
there was significant inhibition of parasite multiplication by 
children’s convalescent sera. Both ‘cross reactive’ and 
specific inhibition reactions were observed. The possible 
roles of anti-parasitic antibodies, autoantibodies to red cells, 
and non-antibody effects in this system require further in- 
vestigation, as does the blocking effect of malarial antigen 
released into the serum during infection or added experi- 
mentally. 

Studies of their antigens’ and isozymes" suggest that wild 
populations of P. falciparum parasites frequently consist of 
mixed types. At present there are no reliable methods either 
to measure the extent of this heterogeneity or to select 
components from it. The protocol we present here cir- 
cumvents this problem and makes possible a test of the 
homologous inhibitory antibody response to a pure or mixed 


population of parasites. The methods that we used to cryo- 
preserve and reconstitute parasitised erythrocytes were un- 
refined but further work using 10% DMSO as the cryo- 
protectant has improved this aspect of the test. Conse- 
quently we feel that our method offers a practical approach 
to the analysis of anti-parasitic antibodies in human malaria 
infections. Cryopreservation of P. falciperum™ can be used 
to look for other functional antimalarial immune responses, 
such as cell-mediated cytotoxic responses“, directed against 
specific populations of the parasite at a particular time, and 
also to provide laboratories outside the tropical regions with 
infected blood, for example for in vitro drug screening. 

We thank Dr Elizabeth Spalding and Mr A. K. Rahman 
for helping to select suitable malaria cases and obtain blood 
specimens from them. We also thank Dr R. S. Bray and his 
staff at the MRC Laboratories in The Gambia for laboratory 
facilities. R.S.P. was supported by a US Army Contract. 
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Possible repair of carcinogenic damage 
caused by dimethylnitrosamine in rat kidney 


SINCE the discovery that cells from patierts with xeroderma 
pigmentosum, a disease associated with æ high incidence of 
cancer, may be unable to excise ultraviolet light-induced 
thymine dimers from DNA’, and the recognition of the 
possibility that all carcinogens react with the DNA of the 
organs in which tumours are induced’, it has been thought 
that repair of changes produced in DNA by carcinogens 
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might be important in moderating the effectiveness of these 
compounds. Work on the carcinogenic effect of prolonged 
administration of various chemicals’, however, suggests that 
individual carcinogenic doses are entirely cumulative in 
their action, and that the carcinogenic damage is permanent 
and not repaired‘. If this were correct, repair of lesions 
produced in DNA by carcinogens would seem to have no 
direct relevance to carcinogenesis. Recovery from the lethal 
effects of radiation was established by the classic experi- 
ments of Elkind and Sutton’ in which cultured cells were 
irradiated twice with different intervals between the first 
and second dose; if sufficient time elapsed between the first 
and second dose, the effects of the doses were not cumula- 
tive. We have used an analogous experimental design to 
study the cumulation of the effect of dimethylnitrosamine 
in the induction of kidney tumours in the rat. The experi- 
ment is not yet complete, but we believe we have 
demonstrated that a repair process exists. 

A single dose of dimethylnitrosamine induces cancer in 
the rat kidney. When rats are fed a protein-free, high- 
carbohydrate diet for 7d before receiving the dimethyl- 
nitrosamine they will tolerate a single dose which will 
induce cancer in every rat’. A few tumours are induced in 
other organs, mainly in the lung, but the kidney tumours 
predominate and the other tumours do not kill the animal 
before the rats are old enough for any potential kidney 
tumour to have become detectable. 
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Fig. 1 Dose-response curve for the induction of kidney tumours 
80 weeks after a single administration of dimethylnitrosamine. 
Rats were obtained from the same source and fed the same diet 
as in the experiment described in the legend to Fig. 2. Results 
are shown as a, incidence of tumours against dose; b, as the 
probit of incidence against the log of the dose. b Was used to 
predict the incidence which might have been expected if other 
doses had been given. It can be seen that the incidence predicted 
from a single dose of 32 mg kg7 (52%) and from 16mgkg™ 
(5°<) were very close to those obtained in the experiment shown 
in Fig. 2 (55% and 6°). 

The dose-response curve for the induction of kidney 
tumours was determined in the USA between 1972 and 
1974. From this curve (Fig. 1) it can be predicted that a 
single dose of 16mg per kg body weight will induce kidney 
tumours in 5% of the rats 80 weeks after the dose was 
given, rising to 10% after 2 yr. In contrast 32 mg kg™ will 
induce a 52% incidence at 80 weeks rising to 80% after 
2yr. We have estimated the rate and extent of recovery 
from carcinogenic damage from the incidence of tumours 
produced by one dose of 16mgkg™ followed after some 
time by another dose. If the two doses were to be given so 
close together that no recovery from the carcinogenic 
damage could occur, the two would be completely cumula- 
tive in their effect and would be expected to give the same 
tumour incidence as a single dose equal to the sum of the 
= two doses, that is, 32 mg kg ‘giving a 52% incidence at 
-. 80 weeks, or 80% at 2 yr. If, however, repair of the damage 
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Fig. 2 Incidence of kidney tumours induced 80 weeks after a 
single intraperitoneal injection of dimethylnitrosamine (32 mg 
per kg body weight) (100 rats) a single dose of 16 mg kg (140 
rats) or by two doses, the first of 16 mg per kg body weight, the 
second a “nominal” (see below) 16 mg kg~? 1, 2, 4, 8, 16 or 32d 
later. (There were 50, 50, 60, 50, 100 and [00 rats in each group.) 
Male CEN rates (Carworth Farms, New City, New York) each 
weighing about 180 g were changed to a protein-free diet for 7 d, 
given an injection of dimethyInitrosamine, and then maintained 
on the same diet for 5d. They were then returned to a normal 
rat diet (MRC 41B, Christopher Hill), The second dose was 
adjusted, as described in the text, so that the total amount of 
the kidney, when two doses were given, was. believed to be the 
same as that resulting from a single dose of 32 mg kg~*. This 
adjustment meant that the actual dose given (in mg kg™) id 
after the first was 12; 2d 13;4d 12.5; 8d 26; 16d 24 and 32 
d 25. Eighty weeks after the first dose, tumours had been found 
in 212 of the 617 rats surviving more than 4 weeks. The upper 
dotted line shows the incidence produced by a single dose of 
32 mg dimethylnitrosamine per kg body weight. If the doses 
were completely cumulative, one would expect two with the 
effect of 16 mg kg~! to give this incidence of tumours. A single 
dose of 16 mg kg~! gave an incidence of 6°. If the doses were 
not cumulative and each dose of 16 mg kg~' acted independently 
of the other, one would expect to get twice the incidence pro- 
duced by a single dose of 16 mg kg™ (that is 12°4) marked by 
the lower dotted line. 


caused by the carcinogen occurs in the time between the 
first and second dose, a less than additive effect would be 
expected and, in the extreme case, when the two doses 
were separated by a sufficient interval, the tumour incidence 
would be that induced by each dose separately, that 1s, at 
80 weeks 5%, plus 5% of the animals in which cancer was 
not induced by the first dose. 

Dimethylnitrosamine requires metabolism for its carcino- 
genic activity, so the possible effect of the first dose on the 
‘metabolism of the second must be considered. The second 
dose must give the same extent of reaction with the critical 
target, as happens when the single dose is increased from 
16mg kg™' to 32 mg kg™. If the first dose of dimethyinitro- 
samine affects the metabolism of the second, the second dose 
required may be greater or less than 16mgkg™. There is 
evidence that the extent of methylation produced in an 
organ by dimethylnitrosamine provides a measure of the 
extent of metabolism of dimethylnitrosamine in that organ, 
and of the extent of interaction of the ultimate carcinogen 
with the crucial cellular target*. By measuring the extent 
of methylation on the 7-position of guanine in the DNA. of 
the kidneys produced by the second dose of dimethyl- 
nitrosamine, the second dose was adjusted so that, at every 
interval, the presumptive total extent of reaction with the 
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target cells was the same. The actual doses injected are 
given in the legend to Fig. 2. 

The rats (in two batches) were given the first dose in 
April or May 1974. Of the 650 rats at the start of the 
experiment, 617 survived longer than 4 weeks. Of these, 
437 are now dead, 259 of them with kidney tumours. The 
results (Fig. 2) seem to show that there is no repair (that 
is, the doses are at least cumulative) when the two doses 
are separated by no more than 4d, but that apparently 
complete recovery takes place when the two doses are 
separated by 16d or more. The reason for the considerable 
difference in incidence when the doses are separated by 1, 
2 or 4d is unknown. The steep dose-response curve mag- 
nifies small errors in dose to large differences in incidence, 
but the incidence when the doses were separated by 4d is 
much greater than expected. The absolute amount of 
methylation of the N-7 and O° position of guanine, and the 
effect of the first dose on the excision of the O*-methyl- 
guanine produced in the kidney DNA by the second dose, 
is being re-examined to try to explain it. 

It is not likely that the recovery is the result of death 
of damaged cells and repopulation of the kidney by un- 
damaged cells. Even 50mg dimethylInitrosamine per kg 
body weight produces little necrosis in the kidney’, and the 
half life of the N-7-methylguanine produced by the car- 
cinogen in DNA is approximately the same in the kidneys 
of rats given 16mg kg™ as it is in the liver of rats given a 
dose which does not produce necrosis (ref. 8 and P. F, S. 
and R. Mace, unpublished). If there had been significant 
death and repopulation, the apparent half life of the 
alkylated base would have been shortened because the cells 
containing N-7-methylguanine would have been lost and 
replaced by cells which did not contain this alkylated base. 
The recovery therefore results not from repopulation but 
from repair of the critical damage which initiates the 
development of cancer. 

The results reported here seem to be consistent with the 
hypothesis that the alkylation by dimethylnitrosamine and 
some alkylating agents of the O*-position of guanine in 
DNA is the critical chemical lesion in the induction of 
cancer by these compounds’ and that the animal can protect 
itself by excising this altered base from its DNA-®, 
Although the rate and extent of the excision of dimethyl- 
nitrosamine-produced O*%-methylguanine from the kidney 
DNA of rats given exactly the diet and dose we used has 
not been measured, Nicoll er al.” found that after a dose 
of dimethylnitrosamine, which would be the equivalent of 
13 mg kg™ if the dietary conditions had been the same as 
ours, about 30% of the O%-methylguanine was excised from 
the DNA between 6h and 15h after the dose. No further 
excision took place from 15h to 48-72h, after which 
excision resumed. The block of excision parallels, and might 
explain, the lack of recovery from the carcinogenic effect 
during the first 4d (Fig. 2) but it remains to be seen 
whether, when the larger dose is given to rats on a protein- 
deficient diet, the rate and extent of excision follow more 
exactly the recovery from the carcinogenic effect. 

Our conclusion that carcinogenic damage can be repaired 
differs from that of Druckrey*, but the conclusion is not 
incompatible with his results, which were obtained from 
experiments in which carcinogen was administered 
repeatedly for long periods. It is not known what happens 
to the products of reaction between carcinogen and cell in 
these circumstances, but if the carcinogen acts by reacting 
with one of the bases in DNA so that its base-pairing pro- 
perties are altered, the effect of this reaction product could 
be cumulative, either through accumulation of permanent 
base changes formed in the progeny cells during cell 
division, or through inhibition by the carcinogen of the 
excision from the DNA of the crucial reaction product. A 
large dose of dimethylnitrosamine inhibits the excision of 
O*-methylguanine from rat liver DNA“ and it is possible 
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that prolonged treatment with smaller amounts would have 
the same effect. 
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Changes in the behaviour of 
teratocarcinoma cells cultivated in vitro 


Mouse teratocarcinoma cells have been recognised as 
important material for studying in vitro the processes of 
determination and differentiation that take place during 
normal embryogenesis’’*. But in order for the system to be 
exploited maximally, it must be possible to manipulate at 
will the differentiation of mass cultures of pluripotent cells 
into endoderm, ectoderm and mesoderm derivatives. Martin 
and Evans showed that they could trigger the appearance 
of endoderm cells in undifferentiated cultures of the SIKR 
teratocarcinoma line by suspending aggregates of the cells 
in bacteriological Petri dishes to which they could not 
adhere**. Within about 2d the aggregates developed into 
simple embryoid bodies, resembling egg cylinders of normal 
embryos with an outer layer of endoderm cells surrounding 
a core of undifferentiated cells. In some SIKR clones, but 
not others, the inner cells later differentiate into neuro- 
ectoderm and mesoderm and the embryoid bodies develop 
fluid cysts resembling the visceral yolk sac vesicles of normal 
early embryos cultured in vitro. Not all lines of pluripotent 
teratocarcinoma cells, however, can be induced to form 
embryoid bodies in such a convenient way (ref. 5 and my 
observations). This could be because certain teratocarci- 
nomas are for some reason intrinsically unable to form 
embryoid bodies, or because the cells can lose this ability 
during cultivation in vitro. In the course of isolating a new 
clonal line of teratocarcinoma cells I noticed that their 
ability to differentiate was strongly influenced by the way 
in which they were maintained in vitro. As long as the cells 
were grown on layers of feeder fibroblasts they retained the 
ability to form embryoid bodies but this was progressively 
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Jost as the cells were adapted to grow on gelatin-coated 
dishes. 

The clone used for this work came from an OTT 6050 
ascites tumour derived by Dr L. C. Stevens from a 6-d 
strain 129/Sv mouse embryo grafted to the testis of an 
adult®. A frozen stock of the ascites tumour was acquired 
by Dr M. J. Evans of University College, London and went 
through a further six passages in vivo before being cloned 
in this laboratory. Embryoid bodies in the ascites fluid were 
trypsinised and dispersed into 9-cm dishes containing 3 x 10° 
STO mouse fibroblasts that had been treated before plating 
out with mitomycin C (10 ug ml>’) for 3.5h (ref. 3). When 
colonies of undifferentiated embryonal cells had grown, 
the plates were trypsinised and single teratocarcinoma cells 
were isolated as described by Martin and Evans’. 

Cultures were maintained by plating approximately 5 x 10° 
cells into a 9-cm dish containing feeder fibroblasts in Dul- 
becco’s modified Eagle’s medium with 10% calf serum and 
10% foetal calf serum (Flow Laboratories). The medium 
was changed daily and every 2-3 d the cells were detached 
with 0.05% trypsin and 0.6mM EDTA in phosphate- 
buffered saline, pH 7.2, and subcultured. Until they were 
confluent, the cultures grew as homogeneous sheets of 
closely packed cells which spread evenly over the fibro- 
blasts. Provided they were maintained in this way they kept 
their ability to differentiate into cystic embryoid bodies. 
The most efficient method of triggering differentiation was 
to suspend aggregates of the cells in bacteriological Petri 
dishes after a preliminary step to remove most of the feeder 
fibroblasts. The mixed cultures were trypsinised briefly to 
give clumps of 50-200 cells and these were plated out at 
low density on to a standard tissue culture dish in medium 
with 10% foetal calf serum. Overnight the fibroblasts 
attached tightly but the teratocarcinoma cells formed 
rounded aggregates which could be detached easily and 
transferred to bacteriological dishes. Two to three days after 
transfer, all aggregates resembled simple embryoid bodies: 
the outer endoderm cells had numerous vacuoles and micro- 
villi, tight junctions and a well developed endoplasmic 
reticulum, and were separated from the inner core of un- 
differentiated cells by a thick basement membrane (ana- 
logous to the Reichert’s membrane of normal embryos)’. 
By day 6 most of the bodies had developed a fluid-filled cyst 
and by 10d about 20% of these contained small patches of 
haematopoietic cells. 

Attempts to adapt the cells to grow in the absence of 
feeder fibroblasts did not succeed until (1) the dishes were 
coated with 1% gelatin (swine skin Type 1 300 bloom, from 
Sigma), (2) the cells were initially subcultured at high 
density and (3) the medium was supplemented with both 
10% calf serum and 10% foetal calf serum. Even in these 
conditions, some cell death occurred during the first few 
subcultures, but eventually a morphologically homogeneous 
population of cells was obtained which grew rapidly 
(doubling time 20h) in closely packed sheets and could be 
subcultured every 2d at 1 XxX 10° cells per 9-cm dish. For the 
first few weeks these cells retained their ability to form 
cystic embryoid bodies when challenged by being put into 
bacteriological Petri dishes. With longer times in culture 
the cells would form only simple embryoid bodies. By 
2 months (approximately 25 passages) only about 25% of 
the aggregates differentiated at all, whereas the remainder 
merely enlarged and became necrotic. By 4 months almost 
none of the clumps formed embryoid bodies after 5d in 
suspension, These cultures were not entirely incapable of 
differentiating, however; if they were allowed to reach very 
high density on gelatin-coated dishes and the medium 
changed every day, scattered patches of endoderm cells 
appeared after about a week, followed by fibroblast-like 
cells and neurones, but this process was always accompanied 
by massive lysis of the undifferentiated cells. The loss of 
ability to differentiate rapidly seems to be irreversible 
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because it could not be restored by returning the deficient 
cells to feeder layers for several generations. The behaviour 
of these cells had then become very similar to that of other 
extensively studied OTT 6050-derived cell lines that were 
selected to grow in the absence of feeder fibroblasts on 
gelatin-coated? or untreated dishes’. 

These results suggest that during adaptation to growth 
on gelatin-coated dishes, strong selection occurs for cells 
which are better able to grow on a less adhesive substratum 
and perhaps because of this have a reduced probability of 
differentiating. Many of the advantages of using terato- 
carcinoma cells to study determination and differentiation 
are therefore lost if the cells are not maintained on feeder 
fibroblasts. 
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Specific binding of a somatomedin-like 
polypeptide in rat serum 
depends on growth hormone 


SOMATOMEDINS are growth hormone-dependent polypeptides 
that have been proposed as the mediators of the peripheral 
actions of growth hormone on skeletal tissue’. Several poly- 
peptides with somatomedin activity in vitro, including 
somatomedins A, B and C and non-suppressible insulin-like 
activity soluble in acid ethanol (NSILA-s)“*, have been 
isolated from human plasma. Unique among polypeptide 
hormones, the somatomedins circulate in human blood com- 
plexed to binding proteins of larger molecular weight’’’"". We 
report here the specific binding of a somatomedin-like poly- 
peptide to distinct protein fractions in rat serum and further 
demonstrate that the pattern and level of this binding is 
dependent on growth hormone. We postulate that specific 
binding of somatomedin modulates the peripheral effects of 
somatomedin activity. 

Results from our laboratory? have suggested that soma- 
tomedin-binding proteins prolong the half life of soma- 
tomedin activity in the circulation. In those studies, the 
half life of somatomedin activity derived from the serum of 
growth hormone-treated hypophysectomised (Hx) rats and 
injected into recipient Hx rats was determined. The half life 
of somatomedin activity from Hx animals treated with 
growth hormone for 10d approached the half life of 
somatomedin activity derived from normal rats (3-4 h) and 
was significantly longer than the half life (< 1S min) of 
somatomedin activity derived from Hx rats treated with 
growth hormone for only 24h. Furthermore, the half life 
of somatomedin activity that had been dissociated from 
serum proteins of large molecular weight by boiling in acid 
conditions or by chromatography on Sephadex G-50 in acid 
conditions before injection into Hx animals was less than 
30 min. If this low molecular weight somatomedin activity 
was recombined with the serum proteins of high molecular 
weight from which somatomedin activity had been dis- 
sociated, the half life of this recombined somatomedin 
activity was prolonged to approximately 2h. These experi- 
ments suggested that (1) the half life of somatomedin 
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a b Fig. 1 Sephadex G-200 elution 

pattern of different rat sera incu- 
bated with 1"I-MSA. MSA was 
purified from the conditioned media 
of a line of rat liver cells in culture 
by a modification of previous 
methods’, Briefly, MSA that had 
been eluted from Dowex was 
chromatographed on Sephadex G- 
Pe FA 75 in I N acetic acid. MSA eluted 
in three regions of activity as 
measured by stimulation of 9H-thy- 
\ midine incorporation into the DNA 
of chick embryo fibroblasts. Frac- 
) tions constituting the middle region 
of activity were pooled and further 
purified by preparative disc electro- 
phoresis at pH 2.7 in 9M_ urea. 
The MSA preparation used yielded 
a single band in two different 
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15 0.6 basis as porcine insulin in stimu- 
eae lating *H-thymidine incorporation 
104 104 j into chick embryo fibroblast DNA. 

f (This is the same specific activity 

54 -410.2 reported by Smith and Temin 

| relative to the same lot of porcine 

E EER eae ee , insulin.) MSA was iodinated by 
Fraction no. 10 30 a modification of the chloramine T 
% Total bed volume 25% 50% 75% 100% 25% 50% 75% 100% method”. A sample of 6 ng of 


1251-MSA (150 Cig) was incu- 
bated with 0.5m! of rat serum 
and 0.5 ml of Ca’*~Mg**-free phosphate-buffered saline (Dulbecco’s PBS) for 3h at 30°C. The incubation mixture was then 
applied to a 180-ml Sephadex G-200 column (2.6 x 40cm) equilibrated and eluted with Dulbecco’s PBS at 4°C. Fractions of 
2.2 ml were collected. Both °I-MSA radioactivity (@) and protein content (Aso) are plotted against fraction number and per- 
centage of total bed volume. The excluded volume (Vo) was marked with blue dextran, and the included volume (indicated 
by the arrow) was marked with dinitrophenylalanine. The main protein peaks (~--—~—) from left to right correspond to macro- 
globulins, gammaglobulins, and albumin. a, Elution pattern of normal rat serum incubated with I-MSA. Peaks of 'I-MSA 
are denoted by Roman numerals in order of decreasing molecular size. b, Elution pattern of serum obtained from Hx male 
Sprague-Dawley rats at least 10d after hypophysectomy (performed when they were 90-100 g body weight)*. c, Elution pattern 
of serum obtained from Hx rats after 10d of twice daily intraperitoneal injections of 100 ug of bovine growth hormone (chronic 
GHY. d, Elution pattern of serum obtained from Hx rats after intraperitoneal injection of 100 ug of bovine growth hormone 
every 8h for 24h (acute GHY. 


activity in the circulation was determined by its binding to 
large serum proteins and (2) these binding proteins were 
regulated by growth hormone. 

To investigate directly the binding of a somatomedin-like 
polypeptide to rat serum, we have used multiplication 
stimulating activity (MSA), a 10,000-dalton polypeptide 
purified from the conditioned media of a line of normal rat 
liver cells in culture’’’. MSA has physicochemical similari- 
ties to the somatomedins purified from human plasma and 
shares with these polypeptides the ability to interact with 
the same receptors in various tissues and to stimulate 
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growth-related processes of certain cells and tissues in 
culture™’™™, Specifically, the MSA preparation used for the 
studies reported here competes for somatomedin A binding 
to placental membranes”. Conversely, somatomedin A com- 
petes for the binding of this MSA to chick embryo fibro- 
blasts, human fibroblasts and rat liver membranes”. 
An MSA preparation of similar specific activity 
also stimulates sulphate incorporation into chick 
embryo sternal cartilage at a concentration of 25 ng mi’ 
(unpublished experiments of K. Gibson and E. R. Froesch) 
and competes for NSILA-s binding to chick embryo fibro- 


Fig. 2 Competition for °1-MSA 
binding to rat serum by unlabelled 
MSA. Normal rat serum (a) or 
Hx rat serum (5) were incubated 
for 3h at 30°C with 6ng of 
1257.MSA in the presence (O--O) 





. A or absence (@---—--@) of 10 ug of 
a unlabelled MSA as in Fig. 1. The 
ne i samples were applied to a column of 
Sephadex G-200 and analysed as 

in Fig, 1. Protein content (~—-—-~) 


and radioactivity of the eluted 
-= fractions are plotted. 












90 


70 7 
100%% 


` 
Soneat? 

50 | 
75% 


Nature Vol. 263 September 9 1976 


blasts (unpublished experiments of J. Zapf and E. R. 
Froesch). 

'51.MSA was incubated with normal rat serum and 
chromatographed on Sephadex G-200. Radioactivity ap- 
peared in five peaks, I-V (Fig. la). Only the binding to 
peaks II and HI was specific, that is, it was abolished in the 
presence of excess (10 ug mI’) unlabelled MSA (Fig. 2). 
Binding of **I-MSA to peak I was nonspecific (Fig. 2), 
although the possibility of some specific binding of MSA to 
proteins in the peak I region has not been excluded com- 
pletely. Peak IV represented free “°I-MSA and peak V 
represented free I as determined by the elution pattern of 
carrier free NaI. 
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Fig. 3 MSA binding to a mixture of equal volumes of normal 

and Hx rat serum. }I-MSA (6 ng) was incubated with 0.25 ml 

of Hx rat serum, 0.25 ml of normal rat serum and 0.5 ml of 

Dulbecco’s PBS for 3h at 30°C. The incubation mixture was 

then chromatographed on the same column of Sephadex G-200 

as in Figs 1 and 2. Fractions were analysed for 1I (@) 
and protein (~~ ~~). 


The pattern of MSA binding to normal and Hx rat serum 
differed strikingly. Peak II, which represented the major 
specific binding area for MSA in normal rat serum, was 
absent in Hx rat serum. In this serum, I-MSA bound 
specifically only to the peak III region (Figs 1b and 2b). 
MSA also bound to peak III in normal rat serum but to a 
lesser extent than in Hx rat serum (Fig. la and b). 

When peaks II and IH that had been isolated respectively 
from chromatography on Sephadex G-200 of normal and 
Hx rat serum were rerun individually over the same column, 
they eluted in a position identical to their position in whole 
serum (data not shown). This experiment excluded the con- 
version of one peak to the other. Furthermore, on the basis 
of the chromatographic pattern of a mixture of equal 
volumes of normal and Hx rat serum that had been in- 
cubated with **I-MSA, Hx rat serum did not inhibit bind- 
ing of peak I (Fig. 3). Thus, an inhibitory component in Hx 
rat serum could not account for the absence of peak II 
MSA in Hx serum. These results indicated that MSA binds 
to distinct species, presumably proteins, in normal and Hx 
sera. 

The different profiles of MSA binding to normal and Hx 
rat serum suggested that the binding pattern depended on 
growth hormone. This was confirmed by examining sera from 
Hx rats treated with growth hormone for different periods 
(Fig. le and d). Peak II, absent from Hx rat serum, re- 
appeared after only 24h of growth hormone treatment of 
Hx rats (Fig. Id). After 10d of growth hormone treatment, 
there was a further increase in the binding of ™I-MSA to 
peak II that resulted in a binding profile virtually identical 
to that obtained with normal rat serum (Fig. ic). Thus, 
although growth hormone increases the level of peak 
IT MSA binding in Hx rats, the mechanism by which growth 
hormone enhances peak II binding remains undefined. 
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Growth hormone could induce the synthesis or release of 
the peak Il-binding protein or it could modify a pre-existing 
protein such as peak III. Together with the observations of 
Cohen and Nissley*, the above experiments suggest that the 
peak II binding protein prolongs the half life of somato- 
medin activity in serum. That is, serum containing the peak 
H MSA-binding protein yields a longer half life of somato- 
medin activity when injected into Hx animals than does 
serum without this binding protein. 

The difference between MSA binding in normal and Hx 
rat serum was investigated further by a competitive binding 
assay (Fig. 4). After incubation of ““I-MSA with unfrac- 
tionated rat serum, unbound ‘““I-MSA was separated from 
*S1.MSA bound to serum proteins by adsorption to acti- 
vated charcoal’. The binding of MSA to serum proteins was 
highly specific. Unlabelled MSA inhibited *“I-MSA-binding 
to normal rat serum. Neither MSA that had been bio- 
logically inactivated by reduction and alkylation, human 
growth hormone, glucagon, human placental lactogen nor 
insulin at high concentrations competed effectively for YT- 
MSA binding (data not shown). 

The specific binding of *“I-MSA to normal rat serum was 
more than twice that to Hx rat serum (Fig. 4). In addition, 
serum from Hx rats treated with growth hormone for 10d 
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Fig. 4 Whole serum competitive binding assay. Normal (@) 
and Hx (©) rat sera were dialysed for 12h at 4°C against 250 
volumes of Dulbecco’s PBS and diluted with 3 volumes of the 
same buffer. Dialysed, diluted serum (25 pt} was incubated 
with 200 pg of ?*I-MSA in Dulbecco's PBS containing 0.2% 
human serum albumin in the presence or absence of unlabelled 
MSA at 30°C in a total of 0.4 ml. After 3h of incubation, 
0.5 ml of Dulbecco’s PBS containing activated charcoal in 2% 
human serum albumin was added to the reaction mixture’. 
The samples were equilibrated for 30 min at 0 °C and centrifuged 
at 2,500g for 10 min. The +I radioactivity in both supernatant 
liquid and the charcoal pellet were determined. (In a separate 
experiment, free !I-MSA quantitatively adsorbed to the activated 
charcoal. 1*]-MSA bound to serum proteins was not adsorbed.) 
The!*]-MSA bound to serum proteins in the presence of unlabelled 
MSA (i pg ml~) (nonspecific binding) was equal in both 
normal and Hx serum and has been subracted from the total 
MSA before calculating the bound MSA to free MSA ratio 
(B/F). Nonspecific binding, equalled 24°, of total binding for 
this experiment. B/F is plotted against increasing log concen- 
trations of unlabelled MSA added to the reaction mixture, 
The binding of MSA to normal and growth hormone-treated 
Hx serum would underestimate specific MSA binding to these 
sera if endogenous somatomedins compete with 11- MSA for 
the binding protein(s). 
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bound 1.5 times the **I-MSA bound by serum from un- 
treated Hx rats (data not shown). The concentration of 
unlabelled MSA required to displace 50% of the specifically 
bound “*I-MSA was approximately the same in normal, Hx 
and growth hormone-treated Hx serum (Fig. 4). These data 
suggest that normal and Hx rat serum have similar binding 
affinities but different binding capacities. This interpretation 
is supported by the predominant binding of MSA to peak II 
in the mixing experiment (Fig. 3). We presume that the dif- 
ference in specific MSA binding by unfractionated normal 
and Hx serum reflects differences in the levels of peak H 
and peak I1I-specific binding proteins in these sera. 

In summary, we have shown by Sephadex chromato- 
graphy and a competitive binding asay that normal rat 
serum specifically binds a somatomedin-like polypeptide: 
that this binding (peak IT) is growth hormone dependent, 
and that its presence correlates with a prolonged half life of 
circulating somatomedin activity. The half life of somato- 
medin activity in Hx rat serum is short in spite of the 
presence of a specific somatomedin-binding protein (peak 
IIT). This could be explained by reduced binding capacity in 
Hx serum (Fig. 4) or by differences in the clearance or 
degradation of peak IIT or its complex with somatomedin. 

Whatever the mechanism by which growth hormone 
alters somatomedin binding in serum, the dependence of 
somatomedin binding and half life on growth hormone adds 
an Important ‘fine-tuning’ modulation to the control of 
growth by growth hormone. Indeed, the levels of a somato- 
medin-binding protein may determine the levels of somato- 
medin in the circulation. The absence of the peak TI 
somatomedin-binding protein in Hx rats suggests that it 
may be difficult to produce in vivo growth-promoting effects 
with purified somatomedins due to the predicted rapid dis- 
appearance of these somatomedins from the circulation of 
the recipient Hx animal. Confirmation of this hypothesis 
awaits the purification of the somatomedin-binding protein 
and its injection into Hx animals in combination with 
somatomedin. 
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Serum can initiate DNA 
synthesis in cells rendered 
unresponsive to insulin and somatomedin 


AN understanding of growth control in animal cells requires 
an appreciation not only of cellular events important to 
multiplication, but also of exogenous agents which either 
initiate or influence the ‘decisions’ of a cell to reproduce. 
Serum has been reported to contain factors required for 
cell movement’, viability’, ion transport? and control of 
cell density’. In addition, peptides from tissue or plasma 


have been identified (nerve growth factor (NGF), 
somatomedin®, non-suppressible insulin-like activity 
(NSILA)’, multiplication-stimulating activity (MSA)*‘, 
epidermal growth factor’, fibroblast growth factor'’) 


which seem to have a physiological role in the initiation of 
cell proliferation. Somatomedin, NSILA and MSA are 
probably similar, if not identical, substances and, like NGF, 
seem to be structurally related to insulin”. The ability 
of insulin to initiate DNA synthesis in various cells" may 
be due to cross reactivity of the hormone with receptor 
sites concerned with cell multiplication’. Recent reports 
suggest that serum contains additional substances that can 
influence the ability of a cell to respond to agents which 
initiate DNA synthesis“, While investigating the regu- 
latory roles of insulin and serum in the initiation of DNA 
synthesis in quiescent chick embryo fibroblasts (CEF), we 
have found a distinctive difference in the initiation capacity 
of these agents after the inhibition of protein synthesis. We 
present here evidence for the existence of a regulatory 
component(s) in serum which recruits cells for growth 
from a stage in the cell cycle position (Go?) which is re- 
fractory to mitogenic peptides. 

As shown before*’””, quiescent CEF initiate DNA syn- 
thesis 6-8 h after exposure to insulin or serum. Based on 
the incorporation of *H-thymidine into trichloroacetic acid 
(TCA)-insoluble material, the highest levels of DNA syn- 
thesis were initiated by insulin at a concentration of 1-5 ag 
ml” and approximated only 20-50% of the maximum levels 
stimulated by 3% serum (Fig. 1 legend). When serum- 
deprived CEF were treated with cycloheximide (5 ug mt’) 
before exposure to insulin, however, the subsequent insulin- 
induced DNA synthesis in washed, inhibitor-free cultures 
was found to be significantly reduced in comparison with 
previously uninhibited insulin-stimulated cultures. Figure | 
shows that the drug-induced inhibition of insulin-stimulated 
DNA synthesis was time dependent. Exposure to cyclohexi- 
mide for 6-8h was required to reduce “H-thymidine in- 
corporation to 30-50% of that seen in uninhibited, hormone- 
stimulated cultures (Fig. 1). The percentage of insulin- 
treated cells with labelled nuclei was similarly decreased 
from 16% in uninhibited cells to 3% in inhibitor-free cells 
previously exposed to cycloheximide for 8h (Fig. 2). In 
serum-deprived cultures, cycloheximide (5 ug ml“') inhibited 
COFPOrAtOn of *H-amino acids into TCA-insoluble material 
by 70-80% as previously shown. Immediately after the 
cells had been washed free of inhibitor, the incorporation of 
labelled amino acids returned to levels characteristic of 
serum-deprived control cultures (Fig. 1, inset). In contrast 
to the inhibition of insulin-stimulated DNA synthesis after 
exposure to cycloheximide, a similar cycloheximide treat- 
ment failed to reduce the serum-stimulated response (Figs 1 
and 2}. Similar results have been obtained with four different 
lots of calf serum. The fully recoverable serum-stimulated 
response has also been demonstrated with serum dialysed 
at a neutral pH (data not shown). 

By measuring the DNA content of cultures, these results 
were further substantiated and extended to somatomedin, 
also an initiator of DNA synthesis in quiescent CEF”. In 
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Fig. 1 Effect of cycloheximide pretreatment on insulin or serum- 
stimulated incorporation of *H-thymidine into TCA-insoluble 
material. CEF were prepared by trypsinisation of 11-d-old 
embryos**. Wells (diameter 16 mm) containing 12-mm glass 
coverslips were each seeded with 9 x 10° cells in 3% calf serum 
minimal essential medium (MEM) (1 mi per well), After incuba- 
tion for 72 h (37°C) in a humidified 5% CO, atmosphere, 
confluent cells (5 x 10*-8 x 10! cells cm~?) were washed once 
with Hanks’ balanced salt solution (BSS) and further incubated 
in 1 ml of serum-free MEM for 24 h, Cells were then treated 
with cycloheximide at a final concentration of 5 ug mi~ by the 
addition of small 10-1] samples from a concentrated stock of the 
drug. After a maximum cycloheximide treatment period of 
8 h, all cells were washed twice with BSS, and then MEM with 
insulin (5 ug mi~) or 3° calf serum was added to wells in 
I-ml volumes. After 6 h, 0.4 uCi of *H-thymidine (*H-methyl, 
specific activity 64 Ci mmol “1, Nuclear Dynamics) in MEM 
was added to each well. Twenty-four hours after the addition 
of hormone or serum, cells were washed once with cold saline 
(0.85%) and TCA-soluble material was extracted with cold 
5% TCA (1 mi per well). After 10 min, the TCA was discarded 
and fresh 5° TCA added for a further 5 min. Coverslips were 
dipped in 95% ethanol and dried in counting vials at 50°C. 
The TCA-insoluble radioactivity (c.p.m. per coverslip} was 
determined after the addition of Omnifluor—toluene scintillation 
fluid (A, A; 0, BD. In one experiment, (©, @), after the second 
TCA wash coverslips were placed in small glass vials and the 
cells were digested with Protosol (New England Nuclear) for 
2 h at 50°C before addition of scintillation fluid. Percentage 
response is reported as the c.p.m. stimulated by insulin (A, D, ©) 
or serum (A, W, @) in three experiments after cycloheximide 
treatment for 1-8 h over uninhibited insulin-stimulated 
c.p.m (A, 25,820 cp.m.+61; ©, 13,360 c.p.m. +960; 
©, 39,095 c.p.m.+4174) or serum-stimulated cp.m. (Ca, 
54,414 c.p.m. +1537; E. 50,160 c.p.m. +2606; @, 84,662 
c.p.m. +602), respectively. *H-thymidine incorporation in 
control cultures (MEM stimulated) for the three experiments 
averaged 2,545 c.p.m. The range and mean of duplicate deter- 
minations are shown. Inset, *H-amino acid incorporation into 
TCA-insoluble material in inhibited and uninhibited cultures. 
After treatment with (b, c) or without (a, d) cycloheximide for 
6 h, cultures a and b were pulse labelled for 30 min at 37°C 
with 2.5 pCi of *H-amino acids (Schwartz Mann, protein 
hydrolysate, 1 mCi m!~). c and d were washed twice with BSS 
and immediately pulsed with *H-labelled amino acids in fresh 
serum-free MEM for 30 min. Coverslips were then washed 
four times with cold saline and processed and counted as 
described above. The variation from the mean of duplicate 
samples was less than 10°% in all cases. Amino acid incorporation 
was inhibited 71° in the presence of cycloheximide. 


uninhibited cultures the DNA content 24h after exposure 
to insulin, somatomedin (0.2 U ml’) or serum increased 
18%, 20% and 50%, respectively (Fig. 3). In cells previously 
inhibited with cycloheximide (+CH) for 8h, the increases 
in DNA initiated by insulin and somatomedin were either 
not observed or considerably reduced, again in contrast to 
the serum-initiated increases in DNA (Fig. 3). These data 
argue against the possibility that cycloheximide dissociates 
“H-thymidine transport and DNA synthesis, as shown with 
cytochalasin B treatment of 3T3 cells”. 

To explain the failure of the drug to diminish serum- 
stimulated DNA synthesis, it could be argued that the 
hormone-responsive cells inhibited by cycloheximide are 


II 


not part of the larger population of cells that responds to 
serum. Incorporation of TCA-insoluble *H-thymidine and 
autoradiography show however, that non-additive levels of 
DNA synthesis are obtained in cultures exposed to either of 
the hormones plus the maximum stimulatory concentration 
of serum (data not shown). This suggests that each of the 
hormones stimulates DNA synthesis in cell populations that 
also initiate DNA synthesis in response to serum. Similar 
findings have been reported before’. 
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Fig.2 Effect of cycloheximide pretreatment on insulin or serum- 
stimulated labelled nuclei. CEF were prepared as in Fig. 1, 
Wells (35 mm diameter) containing 22 x22-mm glass coverslips 
were each seeded with 3x10° cells in 3°% calf serum MEM 
(3 ml per well). After incubation for 72 h (37 °C)ina humidified 
5% CO, atmosphere, confluent cells were washed once with 
BSS and further incubated in 2.5 mi of serum-free MEM. 
After 24 h in serum-free MEM, cells were treated with cyclo- 
heximide at a final concentration of 5 ug mi~? by addition of 
25-ul samples from a concentrated stock of the drug. After a 
maximum cycloheximide treatment period of 8 h, cells were 
washed twice with BSS, and then MEM with 5 ug mi~ insulin 
or 3% calf serum was added to wells in 2.5-ml volumes. After 
6h 1 Ci of *H-thymidine in MEM was added to each well. 
Twenty-four hours after the addition of hormone or serum, 
cells were washed once with saline and processed for auto- 
radiography as before. Percentage response is reported as 
percentage of insulin- (A) or serum- (W) stimulated cells with 
labelled nuclei after cycloheximide treatment for 3,6 or 8 h 
over the percentage of uninhibited insulin-stimulated cells with 
labelled nuclei (16% +3) or serum-stimulated cells with labelled 
nuclei (58% +6), respectively. The percentage of cells with 
labelled nuclei after addition of MEM alone was 3 wa The range 
and mean of duplicate determinations are shown. 


The kinetics of the fully recoverable serum-stimulated 
DNA synthesis in CEF after cycloheximide treatment was 
monitored by pulse labelling cells with “H-thymidine at 
various times after addition of serum. Figure 4 shows that 
compared with uninhibited control cultures, both the onset 
and peak of serum-stimulated DNA synthesis were delayed 
by 3-Sh in cycloheximide-treated cells. In our hands, the 
timing of DNA synthesis in uninhibited insulin-stimulafed 
CEF is similar to that of uninhibited serum-stimulated 
cells’? 

The delayed onset of DNA synthesis in inhibited cells 
after exposure to serum could account for the inability of 
the hormones to stimulate DNA synthesis, for during the 
additional time needed by cells to regain the capacity to 
synthesise DNA, the hormones could have been degraded. 
This seems unlikely, however, because media containing 
insulin 5 zg ml”! remained fully active in stimulating DNA 
synthesis for at least 16h after incubation with inhibited 
or uninhibited cultures. This latter observation (data not 
Shown) was made-by measuring "H-thymidine incorporation 
into TCA-insoluble material stimulated in fresh cell mono- 
layers exposed to the ‘used’ insulin-containing media. 

Thus, the ability of inhibited cells to synthesise DNA after 
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Fig. 3 Effect of cycloheximide pretreatment on the DNA content 
of CEF after the addition of insulin (INS), somatomedin (SM) 
or calf serum (CS). CEF were prepared as for Fig. 1. Plastic 
flasks (72 cm?) were each seeded with 2.2 x 10° cells in 3% calf 
serum MEM (15 ml per flask). After incubation for 72 h (37 °C) 
in a humidified 5°% CO, atmosphere, confluent cells were 
washed once with BSS and further incubated in 15 ml of serum- 
free MEM. After 24 h in serum-free MEM, cultures were 
treated with cycloheximide (5 pg mi) and after 8 h were 
washed twice with 15 ml of BSS. Cells were exposed to MEM, 
INS (5 pg mi) 8, SM (0.2 pg ml~) or 3% CS. Twenty-four 
hours later the cells were washed once with saline, trypsinised 
(0.5% trypsin), pelleted by centrifugation and counted. The 
DNA content per flask (3 x 10%5 x 10° cells) was determined 
after treatment of cells with 1 N perchloric acid at 70°C for 
20 min, using the method of Burton”. The percentage increase 
in DNA content was determined using the Agog values obtained 
for MEM-stimulated cells as baseline (0%, increase). For each 
bar, the variation and mean of two experiments is given. In each 
experiment, all points were determined in duplicate and averaged. 


exposure to serum seems to require additional time- 
dependent cellular changes not required of uninhibited cells. 
In view of the inability of insulin or somatomedin to induce 
DNA synthesis in cycloheximide-treated cells, these further 
changes seem to be initiated by a serum component(s) 
distinct from those which signal DNA synthesis directly. 
In this regard, serum seems to be performing a more 
complex function than simply supplying inhibited cells with 
an exogenous nutrient needed for DNA synthesis. If this 
were the case, the timing of DNA synthesis might be ex- 
pected to be unaffected by cycloheximide treatment”. 


16 





pak 
baj 


3H-thymidine c.p.m, (x 1074) 
oe 


(E 5 © I e 2S 
Time after serum addition (h) 


Nature Vol. 263 September 9 1976 


To summarise and further clarify our ideas, we suggest 
that the inhibition of protein synthesis results in the loss 
of some cellular protein(s) required directly or indirectly for 
the induction of DNA synthesis by insulin and somatomedin, 
and that these agents cannot reinitiate the synthesis of this 
protein. An additional regulatory component(s) in serum is 
proposed that can signal the synthesis of this missing cellular 
protein(s), thus permitting the subsequent induction of DNA 
synthesis by factors in serum functionally analogous to 
insulin and somatomedin. In terms of the eukaryotic cell 
cycle, this additional serum component(s) could have a 
role in the recruitment of cells from Gs into Gi. 
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Fig. 4 Effect of cycloheximide pretreatment on the timing of 
DNA synthesis in CEF after the addition of serum. CEF were 
prepared as for Fig. 1. Glass bottles (11 cm?) were each seeded 
with 4.5% 10° cells in 3°% calf serum MEM (3 ml per bottle). 
After incubation for 72 h in a humidified 5% CO, atmosphere, 
confluent cells were washed once with BSS and further incubated 
in 3 ml of serum-free MEM. After 24 h in serum-free MEM, 
cultures were treated with or without cycloheximide (5 ug mi~) 
and after 8 h were washed twice with 3 ml of BSS. Cells were 
treated with MEM containing 3°% calf serum and pulse labelled 
with *H-thymidine (5 pCi per bottle) for I-h intervals at the 
times indicated. Pulse-labelled cells, washed once with cold saline 
(3ml) were scraped into 1 ml of saline to which 7.5% TCA was 
added. TCA-insoluble material was collected by centrifugation, 
washed once with 5% TCA, and dissolved in 0.1 M NaOH 
(0.75 ml). Samples of 0.25 ml were added to 5 mi of scintillation 
fluid (Triton X-Omnifluor-toluene) and counted. The range and 
mean of duplicate determinations are shown. ©, Uninhibited 
cultures; @, cycloheximide-pretreated cultures. Inset, DNA 
synthesis in control cultures for 24 h after the addition of 
hormone or serum. After treatment with (c, d) or without 
(a, b, e) cycloheximide for 8 h, cells were washed and exposed 
to a, MEM; b, c, insulin; d, e, serum as described above. 
’H-thymidine (0.4 Ci per bottle) was added 6 h after the 
addition of hormone or serum. Cells were collected 18 h later 
and the TCA-insoluble material was prepared and counted as 
described above. Insulin-stimulated DNA synthesis was inhibited 
69° by cycloheximide pretreatment. 
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Magnesium required for 
serum-stimulation of growth 
in cultures of chick embryo fibroblasts 


Tue addition to culture medium of phosphorylated com- 
pounds which preferentially bind Mg™ substantially reduces 
the rate of DNA synthesis and metabolism of chick embryo 
fibroblasts (CEFF. This has suggested that Mg?* might be 
an intracellular regulator for coordinate control of the rate 
of cell growth and metabolism in animal cells’. We report 
here that the omission of Mg’* from the culture medium 
can have considerable effects on cell growth and macro- 
molecular synthesis by CEF if the Mg’* is withdrawn at the 
time cells are being stimulated to grow by means of an 
increase in the concentration of serum in the medium. 
These observations are discussed in terms of a model in 
which the intracellular concentration of free Mg’* co- 
ordinately regulates the rate of metabolism and cell growth 
through its role as an essential cofactor for transphosphoryl- 
ation reactions. 

Primary cultures of CEF were prepared as before’. 
Secondary cultures were plated 3-5 d before use at 10° cells 
per 60-mm Falcon culture dish in medium 199, containing 
2% tryptose phosphate broth (TPB) and 1% chicken 
serum. During experimental manipulation, medium 199 
containing 2% TPB was again used at the indicated Mgt 
concentration, but with dialysed serum present. Experi- 
mental techniques for isotopic labelling, scintillation 
counting and autoradiography have been described before*'t. 
Concentrations of Mg’* in the culture medium were 
determined with a Perkin-Elmer atomic absorption spectro- 
photometer. 
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Fig. 1 *H-thymidine incorporation by CEF as function of the 
concentration of Mg** and calf serum. Four-day-old cultures 
were changed to fresh medium at the indicated concentrations 
of Mg** and calf serum; 20h later the rate of DNA synthesis 
was measured by *H-thymidine (0.6 Ci ml~* medium) incor- 
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poration into acid insoluble material for 60 min (calf serum: 
A, 8%; O, 4%; 7, 1%: 0, 0.0%). 


Stimulation of cell growth by serum causes an increase 
in the rate of ‘H-thymidine incorporation by CEF that is 
proportional to the increase of the number of cells in the 
S phase of the cell cycle’. But as Fig. 1 shows, reducing the 
Mg** concentration of the medium from the standard 
0.8mM concentration to 0.04 mM prevents the increase of 
“H-thymidine incorporation. Below 0.1 mM Mg”* the rate 
of *H-thymidine incorporation was directly proportional to 
the Mg”* concentration of the medium at any concentration 
of calf serum (or chicken serum) from 1% to 8%. 

There have been reports that the addition of Mg” to 
culture medium is not essential for the growth of mouse 
L cells and HeLa cells’. We suppose that either of those 
cell lines have a slightly lower Mg** requirement for growth 
or, in the case of the report on mouse L cells’, the medium 
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Fig. 2 Comparison of total *H-thymidine incorporation and 
autoradiography as measures of the rate of DNA synthesis, 
Four-day-old cultures: were changed to medium containing 
0.04 mM Mg?* and the indicated concentrations of dialysed 
calf serum. After 20h, half of the cultures were stimulated to 
grow by increasing the Mg?* concentration of the media to 
0.84 mM. Twenty hours later *H-thymidine (0.6 pCi mi~*) was 
added to the medium for 60 min. a, Half of the cultures were 
used to determine total *H-thymidine incorporation into acid 
insoluble material; b, parallel cultures prepared for autoradio- 
graphy as described before‘. Solid columns, 0.04 mM Mg**; 
hatched columns, 0.84 mM Mg?*, 


used might have contained more Mg™* as a contaminant 
than was present in ours. As both of these cell lines have 
malignant characteristics, a reduced requirement for Mg** 
could also be characteristic of malignant transformation. 
Figure 2 shows that Mg** deprivation of cells reduced 
“H-thymidine incorporation mainly by decreasing the rate 
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Fig. 3 Reversibility of inhibition of cell growth by Mgt 
deprivation, At zero time 5 x 10° CEF in medium 199 {— Mett) 
containing 2% TPB, 5% dialysed calf serum and the indicated 
concentrations of Mg** were added to 60-mm culture plates. 
In these conditions, approximately 80, of the cells attach to 
the plates by 3 h. At 20 h half of all of the cultures were changed 
to medium containing the standard 0.84 mM Me**. Then at 
20, 44 and 68 h the number of cells on each plate was determined, 
after trypsin treatment, with a Coulter counter. Original medium: 
Y, 0.04 mM Mg?*; @, 0.06 mM Meg**: 4.0.11 mM N fone 
0.84 mM Mg?*. The open symbols with dashed lines indicate 
the corresponding cultures Changed at 20h to medium con- 
taining 0.84 mM Mg?+, 
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of entry of cells into the S phase of the cell cycle, not just 
by slowing the rate of DNA synthesis in individual cells. 
When Mg’? was added back to the culture medium of cells 
that had been deprived of Mg** for 24h, there was 
stimulation of both *“H-thymidine incorporation and per- 
centage “H-thymidine-labelled nuclei: this was directly 
related to the serum concentration in which the cells had 
been maintained during this period. In the case of Mg’*- 
deprived cells maintained in medium containing 5% calf 
serum there was a 17-fold increase in the rate of *H- 
thymidine incorporation 20h after addition of Mg’* to the 
culture medium. Autoradiograms of parallel cultures 
revealed a 10-fold increase in the number of *“H-thymidine- 
labelled nuclei at this time. If °“H-thymidine incorporation 
accurately reflected the rate of DNA synthesis, then after 
the addition of Mg’* individual cells made DNA only 1.7 
times faster, but 10 times more cells were in S phase. 
Likewise with Meg’**-deprived cultures maintained in 1% 
calf serum there was a fivefold increase in *H-thymidine 
incorporation and a threefold increase in the percentage of 
labelled nuclei 20h after addition of Mg*. 

Figure 3 shows the inhibition of cell multiplication by 
Me’* deprivation, and its reversal when Mg’* was restored. 
At zero time 5 x 10° CEF in medium containing the indicated 
concentrations of Mg’* were plated on 60-mm culture 
dishes. About 80% of the cells became attached at all 
Mgt concentrations. At 20h half of all the cultures were 
moved to medium containing 0.84 mM Mg**. Then at 20, 
44 and 68h the cells on each plate were counted, after 
trypsin treatment, with a Coulter counter. By 20h after 
plating-out of cultures, the cells growing in medium con- 
taining 0.84 mM Mg”* had doubled in number and continued 


Fig. 4 Effect of Mg*t deprivation on *H-proline, *H-uridine 
and *H-thymidine incorporation, Five-day-old cultures were 
changed to medium containing 5° dialysed calf serum and 
either 0.84 mM Mg?* or 0.04 mM Mg?*. At various times the 
rates of synthesis of protein, RNA and DNA were determined 
by incorporation of: a, *H-proline (1.5 Cimi; b, 3H- 
uridine (0.1 pCiml~5; or c, *H-thymidine (0.6 pCi ml~), 
respectively, into acid-insoluble material during 60-min incu- 
bations. ©, 0.04 mM Mg?t; @, 0.84 mM Mg?*. 
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to multiply until 48h. In cultures with 0.11 mM Mg’ or 
less in the growth medium, however, the growth rate 
showed a dependence on Mg** concentration. Mg** 
deprivation did not reduce the growth rate of these cells 
by simply decreasing their viability. Addition of 0.8mM 
Mg** to the growth medium restored the increase of these 
cells to the maximum rate and allowed them to achieve 
the population density of cells in control cultures. This 
illustrates the possible potential of alterations in intra- 
cellular Mg** for the physiological regulation of cell growth. 

As well as preventing serum-stimulation of cell growth, 
Mg** deprivation resulted in substantial decreases in the 
rates of synthesis of RNA and protein (Fig. 4). Twenty 
hours after the Mg** concentration had been decreased to 
0.04 mM the rates of incorporation of “H-proline and *H- 
uridine were reduced 3.5-fold and 10-fold, respectively, 
from the level of control cells growing in 5% calf serum. 
Therefore Mg** deprivation seems not only to inhibit the 
rate of growth of CEF but also to inhibit their rate of 
macromolecular synthesis and presumably metabolism as a 
whole. This coordinate metabolic response of cells when 
the extracellular concentration of Mg”* is reduced is also 
displayed on removal of serum or contact inhibition of 
growth’. Many agents that stimulate growth, such as serum, 
insulin and pH manipulation of the medium, seem to in- 
crease cellular functions in a coordinate manner". We 
believe that the intracellular concentration of free Mg’* 
has a central role in this coordinate metabolic response of 
animal cells to all these agents. Other divalent cations in- 
cluding Zn?* (ref. 9) and Ca** (ref. 10) may have subsidiary 
roles. 

In previous experiments, in which Na:P:O; or adenine 
nucleotides have been used to complex Mg’* in the medium, 
similar effects on cellular metabolism have been noted and 
a model for coordinate control of cell metabolism has been 
proposed’. According to this model, intracellular Mg’* is 
limiting in the formation of adenine nucleotide-Mg** com- 
plexes, essential substrates for transphosphorylation 
reactions. Transphosphorylation reactions, in turn, are 
viewed as the regulatory steps in metabolic pathways. This 
seems to be true in the glycolytic pathway, the one example 
where all the substrates and products of the pathway are 
readily assayed, since a selective activation of transphos- 
phorylation reactions takes place when rates of glycolysis 
are increased". The control of the intracellular level of 
free Mg** is brought about, in the context of this model, 
by changes in the competitive binding capacities of mem- 
branes and adenine nucleotides for Mg’*. Because most of 
the cellular Mg’* are presumably not free inside the cell 
but bound to membranes and other cellular constituents”, 
serum and other agents that stimulate cell growth are pos- 
tulated to alter membrane structure so as to release small 
amounts of membrane-bound Mg’*. Chelation of Ca** in the 
culture medium by EGTA has been reported to inhibit cell 
growth in chick fibroblasts’: this might be the result of a 
competitive binding of Mg’* and Ca’ to membranes. The 
removal of sufficient Ca** from cellular membranes could 
result in a replacement by Mg’ (ref. 13), resulting in a 
lower intracellular concentration of free Mg**. Indeed, it 
has been shown that the removal of Ca™* from the medium 
markedly increases the sensitivity of cells to Mg de- 
privation”. 
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Clq production and secretion by fibroblasts 


THE serum protein Clq is a subcomponent of the first 
component of the complement system. Combination of Clq 
with antigen-antibody complexes activates the other sub- 
components of Cl (Clr and Cls) and sets in motion a series 
of events which results in activation of the entire com- 
plement system. The primary structure of Clq is unusual 
in that 40% of its amino acid sequence is composed of 
repeating X-Y-Gly triplets where X is often proline and Y 
often hydroxyproline or hydroxylysine, indicating a striking 
similarity to collagen’:*. It has also been proposed that these 
collagen polypeptide-like stretches in Clq associate in triple 
helical fashion’. Because of the similarities between these 
portions of Clq and collagen the present investigation was 
undertaken to determine whether Clq is synthesised by 
collagen-producing cells, namely fibroblasts. 

Three fibroblast lines were used: human lung fibroblasts 
(from 13-week embryos) obtained from Gibco-Biocult 
(Paisley, Scotland); human skin fibroblasts (from 14-16- 
week embryos) and rat skin fibroblasts (from 16-18-day 
embryos) cultured in this laboratory. All cell lines were 
grown in air on glass slides in Petri dishes, or in 50-cm’ glass 
culture flasks in HEPES buffered minimum essential 
medium containing 10% foetal calf serum, 2mM glut- 
amine, 0.25mM ascorbate, 0.025 uM ferric nitrate and 50 
units of penicillin and streptomycin ml”. All lines formed 
collagen fibres (demonstrated by reticulin staining) and con- 
tained prolyl hydroxylase. The cells used in all experiments 
had been subcultured four to six times. 

Clq was localised in all three cell lines growing on glass 
slides, by an immunoperoxidase procedure‘ using a mono- 
specific rabbit antiserum to human Clq (Hoechst Hounslow. 
England) and to rat Clq. As shown in Fig. 1, fibroblasts bind 
antibody to Clq avidly. This reaction (Fig. 1) is specific 


Fig. 1 Localisation of Clq in cultured human fibroblasts. The 

cells were treated with monospecific antibody to human Clq 

and goat anti-rabbit IgG peroxidase conjugate by an immuno- 
peroxidase procedure®. 
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and indicates that Clq was present in the fibroblast cyto- 
plasm of all cell lines as shown by the following control 
experiments. Fibroblasts overlaid by normal rabbit serum, 
or antiserum to Clq absorbed with pure Clq (ref, 5) or 
with fresh human or rat serum before processing through 
the immunohistochemical procedure failed to stain any of 
the fibroblast lines (Fig. 2). Antisera to Clq absorbed with 
heat-denatured normal serum (which renders Clq incapable 
of reacting with its antibody) did not abolish the reaction 
seen in Fig. 1. To exclude the possibility that antiserum to 
Clq cross reacts with collagen two further absorption 
experiments were done: previous absorption of antiserum 
to human Clq with neutral salt-soluble collagen failed to 
alter the reaction seen in Fig. 1; likewise antiserum to 
human Clq did not react in agar diffusion plates with a 
mixture of Type I and Type III procollagen purified from 
human embryonic skin*®. On this evidence, therefore, it 
seems unlikely that anti-Clq was reacting with intracellular 
collagen antigen. 





Fig. 2 Cells treated as in Fig. | except that normal rabbit serum 
was used instead of the antibody. No staining can be seen except 
that due to osmium tetroxide. 


To determine whether Clq was also secreted by these 
cells, human fibroblasts from embryonic skin were grown 
to mid log phase under the same conditions in 50-cm’ flasks. 
Each culture was then washed wtih 0.15 ml NaCl (25 ml) 
and incubated in 10ml of serum-free minimum essential 
medium (supplemented as above) containing 2.4 Ci ml” 
of 3,4-"H-proline (specific activity 20 mCi mmol) for 
60 min at 37 °C. The cell layers were then washed with 7 ml 
of 0.15 M NaCl and the medium and NaCl wash pooled and 
frozen at —20°C until used. The cells were collected in 
0.15 M NaCl, resuspended to 10° cells mi™ in 0.1 M phos- 
phate buffer (pH 7.2) containing 0.15 M NaCl and 0.01 M 





Table 1 Immunoprecipitation of Clq from human fibroblast 
cultures and medium 





Experiment Aliquot Clq precipitated 
(ml) per 10’ cells* (c.p.m.) 
Cell layer 0.15 1,407 
Medium 2.5 4,225 
5.0 3,600 





Human fibroblasts were cultured, pulsed with *H-proline, collected, 
sonicated and centrifuged as described in the text. Labelled Clq was 
precipitated from 0.15 ml aliquots of the cell supernatants by the 
addition of 0.1 ml of fresh human plasma (as carrier Clq) and rabbit 
antiserum to Clq. Labelled Clq was precipitated from aliquots of the 
medium in a similar way (see text). 

*The number of counts in the control tubes (with normal rabbit 
serum) was 20%, and 5% of that found in those containing anti-Clg 
for the cell layer and medium respectively. All results are the average 
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EDTA, sonicated and centrifuged at 100,000¢ for 90 min. 
Fresh normal human serum (as carrier Clq) was added to 
the supernatant and to medium dialysed exhaustively 
against phosphate-buffered saline containing 0.01 M EDTA. 
Rabbit anti-human Clq was then added in threefold excess 
to the cell supernatants and medium, incubated at 37 °C 
for 30 min and overnight at 4°C. In control tubes normal 
rabbit serum was added in the same proportion as the rabbit 
antiserum to Clq. The immunoprecipitates were collected, 
washed, dissolved in 1 N NaOH, and the radioactivity in 
each precipitate counted in Bray’s solution. As shown in 
Table 1, Clq is present not only in the cells themselves but 
is also rapidly secreted by them such that in a I-h pulse 
period approximately three times more labelled Clq is 
present in the medium than in the cell layer. It should be 
noted that the total amount of protein present in the 
immune precipitate was constant. For example, in the quan- 
titation of Clq in medium (Table 1) the total amount of 
protein in each precipitate was 0.39 mg and 0.33 mg using 
2.5 and Sml of medium respectively. This, therefore, 
excludes the possibility that the radioactivity which 
coprecipitated with carrier Clq was due to nonspecific pre- 
cipitation or absorption of tritium to the precipitate itself. 
These data also argue against the possibility that the 
reaction product seen in immunohistochemical experiments 
(Fig. 1) was due to absorption of preformed Clq from the 
serum containing medium by fibroblasts. 





Fig. 3 Clq localisation in the cells of a silica granuloma. Granu- 
lomas were produced on the backs of adult albino rats by the 
subcutaneous injection of 1.0% suspension of Dornetrop quartz 
in saline. The granuloma illustrated was excised 12 d after its 
production; frozen sections were cut and Clq localised by the 
immunoperoxidase procedure’. There is a positive reaction 
around nuclei (clear holes) in many of the cells in the granulation 
tissue. It is possible that some of the reaction product is also 
extracellular, but it is difficult to resolve this point with certainty 
in this type of preparation. 


In an attempt to demonstrate the origin of Clq in vivo 
various rat organs (including foetal and neonatal organs) 
were examined by the immunoperoxidase procedure as 
described above. This screen was entirely negative. Clq pro- 
duction, however, could be demonstrated in vivo in fibro- 
blasts surrounding a silica granuloma which had been 
produced in the subcutaneous tissue of adult Wistar rats 
as shown in Fig. 3. 

These data indicate that fibroblasts in vitro synthesise and 
secrete Clq. It seems likely that Clq is also produced by 
fibroblasts in vivo at least in pathological conditions where 
fibroblasts are functioning at a much higher rate than 
normal, namely in a silica granuloma. This evidence does 
does not exclude Clq production by other cell types in vivo 
or in vitro’. It is noteworthy, however, that freshly isolated 
human blood lymphocytes, the only cells we have found 
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which do not contain prolyl hydroxylase in vitro (and pre- 
sumably do not synthesise collagen) do not contain Clq 
when examined by the immunoperoxidase procedure. 

These results also suggest that primary fibroblast cultures 
may serve as a useful cell source for studies of Clq 
biosynthesis. 

This work was supported by a grant from the Distillers 
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from the Iraqi Government. Dr K. Whaley (Department of 
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Detection of a-foetoprotein in mouse 
liver differentiated hepatocytes before 
their progression through S phase 


&-FOETOPROTEIN (AFP) is a serum protein present in large 
amounts during embryonic life and preserved in only nano- 
gram quantities in adult mammals’. Increased levels of AFP 
are seen in adults in association with two forms of tumours 
—teratocarcinomas and hepatocarcinomas—and also during 
liver regeneration’. In early development AFP is synthesised 
in the yolk sac and in the liver™? where it has been demon- 
strated by immunofluorescence in the majority of the 
hepatocytes’. Detailed aspects of AFP synthesis by hepato- 
cytes, however, remain to be established, It has been sug- 
gested that it is synthesised by a definite population of 
hepatocytes’, by one of the stages in their differentiation“, 
or by liver cell precursors*. Sufficient data to decide between 
these alternatives are not presently available. We describe 
here the immunohistochemical localisation of AFP in re- 
generating mouse livers, in which DNA-synthesising cells 
have been identified by thymidine incorporation. AFP was 
found in a minority of adult differentiated hepatocytes, 
many of which had not progressed through S phase. Thus 
DNA synthesis is not a prerequisite for the induction of 
AFP synthesis in the adult liver. 

Liver regeneration was induced by CCl, inhalation’ in 
SWR or SWR/S mice (20-25 g). Serum AFP levels, as 
measured by immunodiffusion, increased significantly on 
day 2, reached a maximum on days 3-4 and had returned to 
basal levels by days 7-10. The centrolobular necrosis caused 
by CCl: resulted in practically all the remaining viable hepa- 
tocytes passing through one round of DNA synthesis, and a 
small fraction undergoing a second round. The most inten- 
sive DNA synthesis was found between 36 and 60h and 
the duration of S phase in individual hepatocytes was 6.9h 
(ref 10). These values were similar to those obtained in 
liver regenerating after partial hepatectomy, S=7.0+1.2h 
(ref. 11). 

Mice with regenerating livers after exposure to CCl, were 
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Table 1 AFP in hepatocytes with and without thymidine incorporation 








Mouse l 2 3 4 5 
% Labelled nuclei in total 67 54 0.6 
hepatocyte population (CH 55+ *C 12) CH 42+-"C 12) CH 0.3+ “C 0.3) 82 38 
% Labelled nuclei in 78 34 4 
AFP-positive hepatocytes CH 69+"C 9) (7H 22+ *C 12) (7H 2.3+"C 1.7) 82 64 
Number of nuclei of y 
AFP-positive hepatocytes 486 185 175 335 257 
examined 
Mice exposed to CCl4* (ref. 11) were injected intraperitoneally with radioactive thymidine in 0.1 ml saline as follows. Mouse |: | wCi g~ 


methyl-°H-thymidine (19.8 Ci mmol-*, Isotope, USSR) every 6 h, with 1 pCi g~ methyl-"'C-thymidine (39 mCi mmol~', Isotope, USSR) 
1 h before being killed. Mice 2 and 3: 1 pCi g- methyl-*H-thymidine (20.5 Ci mmol ~t, Isotope, USSR) every 3-4 h, with 0.8 pCi g~* methyl-"C- 
thymidine (54 mCi mmol-', Prague) 1 h before being killed. Mice 4 and $: 1 pCi g~' methyl-*H-thymidine (20.5 Ci mmol ~', Isotope, USSR) 
every 3-4 h, the last injection being given 1 h before being killed. Mouse | was killed 48 h after exposure and mice 2-5 after 42 h. Livers were 
fixed in cold ethanol-acetic acid'*. AFP was localised with indirect immunofluorescence on 3-um liver sections, using monospecific antibodies 
to murine AFP isolated from rabbit anti-murine AFP antiserum. Staining could be completely blocked by the addition of an equivalent amount 
of purified murine AFP (ref. 12). AFP-positive hepatocytes were photographed, after which the sections were washed, dehydrated, dried and 
covered with photosensitive emulsion (N ii Chim Photo, Moscow, USSR). After exposure for | month at 4°C the autoradiographs were 
developed and the sections stained with haematoxylin—eosin. The percentage of nuclei labelled with *H or '*C, distinguishable by grain density, 
were determined after counting 2,000 hepatocyte nuclei. Using the immunofluorescent photographs all AFP-positive cells were identified on 
corresponding autographs and nuclei with °H or *™*C label counted. 


repeatedly injected with methyl-’H-thymidine and killed by normal adult mice. For the first time several AFP-positive 


decapitation on day 2, 1 h after the last injection of radio- 
isotope. In some mice the final injection was of methyl- 
“C-thymidine, as described in Table 1. The livers were 
fixed immediately in cold ethanol-acetic acid and embedded 
in paraffin’. AFP was localised in liver sections by indirect 
immunofluorescence, and the nuclei of the cells in which 
DNA synthesis had occurred were subsequently identified 
by autoradiography. Damaged cells which could accumu- 
late serum proteins nonspecifically because of increased 
membrane permeability were detected by the immunohisto- 
chemical demonstration of the serum marker protein, IgG. 
Consecutive sections were used so that individual cells could 
be stained for both AFP and IgG (ref. 12). 

Using indirect immunofluorescence we failed to find any 
AFP-containing structures in the liver sections of the control 


hepatocytes were found in the liver section 24h after the 
CCl, poisoning. During day 2 their amount and intensity 
of fluorescence increased rapidly, reached a peak on day 3 
followed by a sharp decline on the day 4. On day 2, when 
the experiment was terminated, AFP was present in not 
more than 3-5% of the hepatocytes, in both mono- and 
binucleate cells. Most AFP-containing cells were found in 
the region adjacent to the centrolobular necrosis (Fig. 1), 
although in some mice they were present in the periportal 
area. Intense IgG fluorescence was observed in the necrotic 
centrolobular cells, demonstrating their uptake of serum 
proteins, but was absent in the great majority of AFP- 
positive cells. It does not therefore seem that the latter have 
Stained because of nonspecific uptake of AFP due to ele- 
vated serum levels. In the following analysis of thymidine 


Fig. 1 AFP in the regenerating murine liver 
(mouse 1). Paraffin sections of liver fixed with 
ethanol-acetic acid and treated with rabbit 
anti-murine IgG serum (a) or purified rabbit 
antibodies anti-murine AFP (b and d) and 
FITC-conjugated donkey anti-murine IgG 
serum (Gamaleya Institute, Moscow, USSR). 
c and e, Autoradiographs of the areas ringed 
in b and d. Arrows show the same hepatocytes 
on the immunofluorescence photographs and 
on the autoradiographs. 'C-label is easily 
distinguished from *H-label. b and c, Two 
nuclei of the AFP-positive hepatocytes are in 
S phase according to the intensive “C-label: 
two nuclei have no label. d and e, Two nuclei 
of the AFP-positive hepatocytes without 
label; two nuclei have incorporated *H-label 
and have progressed through S phase or all 
mitotic cycle. Magnification: a, b and d x 105; 
c and e x 225. 
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incorporation only IgG-negative, AFP-positive cells have 
been scored. 

The percentage of labelled nuclei identified by auto- 
radiography in the regenerating livers showed marked indi- 
vidual variation (Table 1). In all livers examined, however, 
numerous AFP-positive cells were seen without labelled 
nuclei (Fig. 1), as well as cells labelled in S phase with 
4C-thymidine 1h before killing and cells labelled with 
“H-thymidine which had already progressed through S phase. 
The unlabelled cells comprised between 18 and 96% of the 
total of AFP-positive hepatocytes (Table 1). 

The mice were injected with radioactive thymidine at 
intervals of 6h (mouse 1) or 3~4h (mice 2-5), that is less 
than the mean duration of S phase in these hepatocytes. As 
the thymidine was present in the circulation for at least 
Ih after each injection, it is therefore unlikely that any 
DNA-synthesising cells could have escaped incorporation. 
Evidently AFP is localised in cells that have not yet com- 
menced DNA synthesis during regeneration. 

The time of appearance of the small number of AFP- 
positive hepatocytes, their quantity and intensity of fluores- 
cence, all correlated directly with the changes in serum AFP 
measured. These observations, together with the failure of 
most AFP-positive cells to show nonspecific uptake of serum 
proteins, suggests that AFP is synthesised in these cells. If 
this is so, then the results show that AFP synthesis may 
be induced in the regenerating mouse liver in adult dif- 
ferentiated hepatocytes before the beginning of DNA syn- 
thesis. A similar suggestion has recently been made by 
Watanabe et al.“, who have reported that serum AFP 
levels increase before the onset of proliferation in livers of 
rats treated with ethionine. In this context, it is worth 
noting that in an unrelated system (cultured erythro- 
leukaemic cells), globin synthesis can be induced by butyric 
acid in the absence of cell division”. 

We thank Mrs M. D. Glishkina for assistance; Mrs V. S. 
Poltoranina, who started this work, Dr A. K. Yazova for 
monospecific antiserum to murine AFP and purified murine 
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Interaction of lighting and other 
environmental variables on activity of 
hypothalamo—hypophyseal—gonadal system 


Since the pioneer study of Rowan!, environmental lighting has 
been considered a predominant regulator of breeding activity 
in a variety of birds. A long daily photoperiod increases the 
levels of stored and circulating gonadotropins, and accelerates 
gonadal growth in Japanese quail*?:*, white-crowned sparrow’, 
American tree sparrow®, domestic pigeon® and mallard’. 
Other environmental variables such as temperature, rainfall 
and courtship are also known to influence breeding’. The 
nature of the endocrine response to temperature and rainfall is 
unknown, but the effect of male courtship on female endocrine 
systems has been studied extensively in ring doves (Streptopelia 
risoria}. It increases the plasma levels of oestrogen’, luteinising 
hormone!’ (LH) and progesterone, which in turn, induce 
sequential behavioural changes in the female that culminate in 
egg laving!* 1%. Using ring doves, I have investigated how 
environmental light and courtship interact to elicit the species- 
specific endocrine response. Since there is no significant change 
in testis size or weight during various stages of the breeding 
cycle of doves, this is not a suitable criterion for assessing the 
activity of the male endocrine state. Instead I used compensatory 
testicular hypertrophy, which is a response to environmental 
lighting in many species of birds, and investigated whether 
long daily photoperiod was required for this phenomenon in 
male ring doves, and whether courtship had any effect on this 
response. 





Table 1 Description of experimental groups 
Daily light-dark 





Group No. of males Courtship condition (LD) cycle (h) 
l 10 Isolation* 14:10 
2 10 Isolation 8:16 
3 10 Brief courtshipt 14:10 
4 10 Brief courtship 8:16 
5 10 Breedingt 14:10 





* Males were housed individually in isolation rooms where they 
could hear, but not see, other birds. 

+ Males were introduced twice to a stimulus female in breeding 
cages that contained nest bow! and nest materials. Each exposure 
lasted 20 min. Sessions were spaced I week apart. 

t Males were in a breeding cage that contained a stimulus female, 
nest bowl and nest materials throughout the 4-week experimental 


period. 


Sixty reproductively experienced male ring doves from the 
indoor colony of the Institute of Animal Behavior, Rutgers 
University, were used. The colony is maintained under LD 14:10 
controlled photoperiod and 21+1°C temperature. Fifty of 
the 60 birds were anaesthetised intramuscularly with equithes- 
ium (0.22 ml per 100 g), and the (larger) right testis of each was 
removed and weighed. The birds were then randomly assigned 
to one of five groups (Table 1), characterised in terms of daily 
photoperiod (LD 14:10 or LD 8:16) and the condition of 
courtship (isolation or breeding cage which contained a stimulus 
female). The remaining 10 doves were similarly anaesthetised, 
and both left and right testes removed and weighed. The 
stimulus females used for courtship condition were normal doves 
which showed sexual crouch, wing-flip and nest-coo™, 

Four weeks after dextral castration, all 50 males were 
laparotomised. The left testis (LT) of each was removed, and 
its weight expressed as a percentage of that of the right testis 
(RT). Since the LT weight of intact male doves kept under 
LD 14:10 was, on average, 80°% that of the RT (Table 2), I 
considered LT =80°% of RT as evidence for compensatory 
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Table 2 Compensatory hypertophy of left testis after removal of right testis in the ring dove (Streptopelia risoria) 


Left testis 
Mean + s.d. Mean + s.d. Mean + s.d. ee | a 
Daily photostimulation/ No. of body weight right testis weight left testis weight Right testis Compensatory 
Group courtship condition birds (gm) (mg) (mg) Mean Range hypertophy 

1 14hL 10 160-45 5,776+11 $5,737 +15 1007 85-114 Yes 
Isolation 

2 8ShL 10 161 +8 6,278 +9 $4,026+11 60* 30-74 No 
Isolation | 

3 4hL 10 147 +8 5,741 +8 5,766 -+-20 101+ 96-109 Yes 
Brief courtship 

4 8hL 10 15647 5,580414 £6,723 +26 112} 94-130 Yes 
Brief courtship 

5 4hL 10 159-+.6 5,780+9 $5,323+4+32 96 83-120 Yes 
Breeding 

C 14hL 10 158+6 5,661 +12 4,632+17 80 75-86 


Isolation control 


Analysis of variance for the randomised groups: F = 3.52, a = 0.05. 


* t test significant (P < 0.01) only between group 2 and every other group. 


f ¢ test significant (P < 0.01) in comparison with group C. 
t Measurements were taken 4 weeks after dextral castration. 


hypertrophy. The results are summarised in Table 2. (1) Com- 
pensatory testicular hypertrophy occurred in birds under LD 
14:10 (groups 1, 3 and 5), but not in birds kept isolated and 
under LD 8:16 (group 2); (2) LT weights of birds in group 2 
averaged only 60% that of RT, indicating that the LT had 
regressed rather than augmented. (An histological study showed 
an increase in size of seminiferous tubules, Leydig cells and 
sperm count in the augmented testis.) 

These results, together with the finding that LD 8:16 caused 
testicular regression in ring doves (unpublished) and the fact 
that other species of birds show a decline in plasma LH level? 3, 
demonstrate that long daily photoperiod is an important 
regulating factor for the feedback function of the hypothalamo- 
hypophyseal-gonadal system. Short exposure to courtship (two 
pairing sessions with stimulus females for 20 min each and 
1 week apart) however, resulted in good testicular hypertrophy 
in male doves kept under LD 8:16 (group 4). The stimulatory 
effect of courtship on male doves does not seem to increase with 
increased duration of exposure to stimulus females. There was 
no apparent difference in LT weight among birds kept under 
LD 14:10, regardless of whether the birds were isolated or 
exposed to stimulus females (groups 1, 3 and 5). T hus, it seems 
that the combined effects of courtship and lighting on the 
hypothalamo-hypophyseal-gonadal system are guided by an 
adaptive change of endocrine state for the species, rather than 
simply a mathematical sum of respective environmental effects. 

Two brief exposures to a stimulus female (20 min each and 
1 week apart, group 4) affected males in a manner comparable 
with that of 6h additional daily photoperiod for 4 weeks 
(group 1); this makes the stimulatory effect of female courtship 
on compensatory testicular hypertrophy even more significant. 
This is equally true of the effect of male courtship on female 
systems. 

‘Under long photoperiod (LD 14:10), follicles of female ring 
doves took 20 weeks to develop from 2-3 mm to 8-9 mm in 
diameter, and they then became atresic. In contrast, when 
paired with male doves in breeding cages, female ring doves of 
similar ovarian stage (follicle size 2-3 mm) took only 7-11 d to 
develop large follicles (14-15 mm) which subsequently ovulated 
and oviposited (unpublished). 

In male and female Japanese quail, although long photoperiod 
increases gonadotropin-releasing factor in the posterior basal 
hypothalamus area*-!5, there is no direct evidence to suggest a 
similar effect of courtship stimulation on releasing factor by the 
hypothalamus. In my study, compensatory hypertrophy in birds 
kept under LD 8:16 and exposed to stimulus females twice 
(group 4), strongly suggests that courtship stimulates either: 
gonadotropin synthesis, gonadotropin release, or the sensitivity 
of the pituitary to gonadotropin-releasing factors. I favour the 


~ second possibility in view of the following findings in the 


Japanese quail: (1) Long daily photostimulation results in 
gonadal development? and hypothalamic gonadotropin-releas- 
ing activity’; and (2) a change of daily photoperiod from 
LD 14:10 to LD 8:16 results in a lower level of plasma LH and 
testicular regression, but a higher level of pituitary LH: these 
events occurred within 6-16 d following the onset of short 
photoperiod’. Similarly, in male golden hamsters, exposure to 
non-stimulatory photoperiod does not alter the increased 
pituitary LH and follicle stimulating hormone (FSH) content 
after castration, whereas the serum levels of LH and FSH 
decline substantially**. 

On the basis of these findings, it seems that environmental 
photoperiod affects the synthesis as well as release of gonado- 
tropins; the releasing mechanism being more responsive to an 
immediate photoperiodic change than the synthesis, whereas 
synthesis (and/or store) is regulated by a long term photoper- 
iodic change and endogenous feedback system. The failure of the 
hypertrophy response in birds kept in short light regirnes 
(group 2) is thus a result of the cessation of gonadotropin 
release in response to the short photoperiod. Gonadotropin 
release can, however, be induced by other environmental 
stimulation (such as a female stimulus, warm temperature, 
rainfall and so on), which results in the hypertrophy seen in 
group 4 birds kept in short light regimes. The release is possible 
since synthesis (and/or store) of gonadotropin is not affected 
by immediate photoperiodic change. 
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A discontinuous relationship 
between the acetylcholine-activated 
channel conductance and temperature 


Since the introduction of acetylcholine (ACh) ‘noise’ analysis':, 
it has been shown that several manipulations affect ACh- 
receptor molecular events*® *, The ACh receptor is an integral 
membrane protein and is therefore intimately associated with 
surrounding membrane lipids. We have begun experiments 
using embryonic chick muscle in culture to determine whether 
surrounding lipids affect the function of the ACh receptor. As a 
first step, we have analysed ACh current noise to determine the 
temperature dependence of the mean single channel conductance 
(z,) and open time (7,). 

At frog endplates f, is gradually prolonged as the tem- 
perature (T) is lowered but o remains essentially unchanged. 
We observed a similar relation between 7, and T in cultured 
chick muscle, but in contrast to results obtained in amphibia, 
Zə was markedly decreased at low temperatures. Moreover, 
there was a marked discontinuity in the relation between T and 
ə A clear ‘transition’ temperature was observed at ~ 20°C 
which suggests that 2 may depend on the ‘fluidity’ of the 
receptor microenvironment. 

ACh-induced transmembrane currents were recorded in 
voltage clamped large spherical muscle cells (Fig. 1). Such 
spheres or ‘myoballs’ are more suitable than elongated cylin- 
drical muscle fibres for voltage clamp analysis. The interior of 
each myoball is isopotential and the membrane potential can be 
held constant, even in the face of large ACh responses (up to 
200 nA). Myoballs are ‘normal’ in the sense that they are 
extremely sensitive to ACh and they contract. 

Control of membrane potential was achieved with two intra- 
cellular electrodes—one for measuring the membrane potential 
and the other for supplying the feedback current required to 
hold the membrane potential constant. The microelectrodes 
had a resistance of 3-10 MQ when filled with 3 M KCI. A 
microelectrode filled with ACh was located 50-100 um away 
from the cell and ACh was ejected by prolonged, positive 
pulses. Temperature was controlled by perfusing ethanol 
(+ 60 °C to — 30 °C) between the glass bottom of the recording 
chamber and the objective of the inverted microscope. In most 





Fig. 1 A large chick myoball. Spheres were obtained by adding 
mononucleated muscle precursor cells dissociated from 11-d 
pectoral muscles to Petri dishes coated with Sylgard (Dow Corn- 
ing). The cells did not attach to this surface, and over the next 
2-3 d muscle precursor cells fused with one another in suspension 
to form multinucleated ‘myoballs’, 50-120 um in diameter. For 
electrophysiological experiments, myoballs were allowed to 
settle on collagen-coated glass coverslips which were then placed 
in a chamber on an inverted phase contrast microscope. Smooth 
surfaced myoballs could be easily distinguished from aggregates 
of fibroblasts which had a cobblestone-like appearance. Bar 
100 um. 


Nature Vol. 263 September 9 1976 


experiments, the membrane potential was clamped at — 80 mV. 
Feedback currents were stored on magnetic tape (frequency 
response 0-1 ,250 Hz). 

A typical ACh response is shown in Fig. 2a. The horizontal 
bar indicates the duration of the ACh pulse. The lower trace is a 
low gain d.c. recording of the membrane ionic current and the 
upper trace is a parallel, high gain filtered (bandpass 1-200 Hz) 
recording which shows the fluctuations or noise of the ACh- 
induced current. In this example, the maximum inward current 
produced by ACh was 100 nA, 

ACh responses were analysed with a PDP/8e computer. The 
single-channel conductance, F, was estimated from the slope 











Fig. 2 ACh-induced membrane currents in voltage clamped 
myoballs. a, A 15-s long pulse of ACh (horizontal bar) results 
in a large increase in mean membrane current (lower trace: a 
low-gain d.c. recording) and an increase in current fluctuations 
(upper trace: a parallel high gain filtered channel). The membrane 
potential was clamped to —95 mV. The slow rise of the response 
reflects the time required for ACh to diffuse from the ACh pipette 
located 50 um away. Vertical bars: 3 nA upper trace, 100 nA 
lower trace. b, Digitalised, 2-s long, samples of ACh current 
fluctuations (noise). The upper trace shows control fluctuations 
in the absence of ACh. The steady holding current is defined 
as zero. ACh responses obtained at 23 and 9 C are shown in 
the middle and lower traces respectively. The mean ACh current 
was 75 nA at both temperatures. Note that at 9 C, high fre- 
quency components are less prominent and that the amplitude 
of the noise is decreased. Vertical bar, 2nA; horizontal bar 
250 ms. 


of the linear relation between the variance of current fluctua- 
tions and the mean membrane current. The mean channel open 
time, 7, was estimated from the spectral density function, 
S(f): T = 1/2nf. where f. is that frequency at which S(/) is 
reduced by half!***. At 37 °C, when the membrane potential 
was set between —70 and —95 mV, #, ranged between 25 and 
45 pmho, and 7, between 2.5 and 4.0 ms. 

Figure 2b shows digitalised records of control or background 
noise and ACh-induced noise at two temperatures (sampling 
rate: 500s~'). As reported in previous studies in amphibia, 
lower frequency components predominate at the lower tem- 
perature. In this example, 7, increased from 7.2 ms at 23 °C to 
16.1 ms at 9 °C. In these chick cells, 7, increased continuously as 
T was lowered from 37 to 7 °C. In addition, Fig. 2 shows that 
the amplitude of the current fluctuations is markedly decreased 
at 9 °C, even though the mean ACh-induced current is the same 
at the two temperatures. Estimates of F, in this cell decreased 
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Fig. 3 Temperature dependence of single channel conductance 


in chick myoballs. a, Nine ACh responses elicited in the same 
cell at different temperatures between 7 and 37 °C are shown. 
The relationship between %, and temperature is discontinuous: 
a sharp transition is observed at ~ 20°C. b, Arrhenius plot of 
normalised data obtained in four different myoballs. The acti- 
vation energy (Æa), calculated from the equation log g, = 
C—(E,/2.3.R)1/T)(R = gas constant, T = absolute temperature, 
and C = a constant) increases from virtually 0 above 20 °C to 
30 kcalorie mol~' below this critical temperature. 


from 31 pmho at 23 °C to 7.6 pmho at 9 °C. A comparable or 
larger decrease in #, was obtained whenever the temperature 
was lowered to 10 °C, and in each case the change in 7, was 
completely reversed on rewarming the preparation. This 
dramatic effect cannot be explained by a negative shift in the 
ACh reversal potential (measured by ACh application at 
membrane potentials between —80 and +30 mV) which re- 
mained fixed at ~ —5 mV between 37 and 5 °C. 

In contrast to the continuous relationship between 7, and T, 
there was a clear discontinuity in the relation between f, and 
T in every case examined (Fig. 3). There was no significant 
decrease in %, as T was lowered from 37 to 20°C. As T was 
lowered further to 5 °C, however, there was a nearly tenfold 
decrease in %,. An Arrhenius plot including points from four 
myoballs is shown in Fig. 3b. From the slopeit can be determined 
that the activation energy for those factors or events which 
determine the magnitude to which an ACh channel can open 
is increased by 30 kcalorie mol ~ at ~ 20 °C. 

A transition temperature has been observed in studies 
of other membrane proteins where enzyme activity, or 
transport or mobility within the lipid bilayer were assayed’:’, 
It is thought that a change in membrane fluidity occurs at the 
critical temperature. That is, above the critical temperature, the 
phospholipid fatty acid side chains are flexible and the interior 
of the membrane is fluid: below the critical temperature, move- 
ments of fatty acid side chains are restricted and the membrane 
core is more solid. It is plausible that the same mechanism 
explains the discontinuous relation between £, and T described 
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in this report. The degree to which an ACh-activated channel 
opens may depend on the flexibility of fatty acids in its micro- 
environment. It may be significant that the membranes of 
poikilothermic animals (in which %, remains nearly constant 
between 10 and 23 °C) contain relatively more unsaturated fatty 
acids which ‘melt’ at a lower temperature’. The fact that no 
clear break was observed in the relation between 7, and T may 
simply mean that different molecular processes regulate 7, and 


Bo. | 
It should be possible systematically te modify the membrane 


lipids of rapidly growing muscle cells by adding specific fatty 
acids to a culture medium made up with delipidated serum”. 
The relationship between 2, and membrane fluidity might then 
be defined in more detail. In addition, changes in regional 
and/or overall membrane fluidity may alter the degradation of 
ACh receptors or their insertion into, or distribution within, 
the membrane. 
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Long term potentiation is 
accompanied by a reduction in 
dendritic responsiveness to glutamic acid 


HIPPOCAMPAL synapses show an unusual degree of physio- 
logical plasticity. Relatively modest levels of repetitive 
stimulation cause considerable enhancement in subsequent 
responses to single pulse stimulation, and this potentiation 
lasts for hours and even days’™*. These findings, which have 
now been replicated in several laboratories, have aroused 
much interest, first because they seem to represent an excel- 
lent starting point for the analysis of synaptic plasticity in 
mammalian brain, and second, because their rapid develop- 
ment and persistence suggest that they may be related to 
processes involved in behavioural plasticity. The studies 
reported here represent an attempt to analyse the mech- 
anisms underlying physiological plasticity in the hippo- 
campus, in particular the locus and anatornical specificity 
of the effect. The change in magnitude of response which 
occurs after repetitive stimulation could reflect either pre- 
synaptic or postsynaptic adjustment. If the latter were the 
case, the change might involve a particular dendritic region 
innervated by the stimulated input, or alteration in the 
status of the entire postsynaptic neurone. Seeking data rele- 
vant to these questions, we have measured the effects of 
glutamic acid applied iontophoretically to different levels 
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Fig. 1 Schematic representation of the transverse hippocampal 
slice and the experimental electrode arrangement, Extracellular 
unit activity and evoked potentials were recorded from the CA 1 
pyramidal cell somal layer as indicated. The separate multi- 
barrelled iontophoresis electrode could be placed at any point in 
the apical and basal dendritic zones of a particular neurone for 
the purpose of glutamic acid ejections. Schaffer collateral-com- 
missural stimulation was accomplished through a bipolar 
electrode placed along the tract at the CA 1-CA 2 border. 


of the dendritic trees of the pyramidal cells before and 
after potentiation of the extracellular postsynaptic response. 

Glutamate more or less universally excites neurones’™® 
and it is generally thought that it does this by depolarising 
the cell through an action on sodium and possibly potassium 
channels’. We reasoned that if potentiation produced a 
lasting change in the membrane properties of the post- 
synaptic cell, this might cause changes in that cell’s res- 
ponse to discrete applications of glutamic acid. Further- 
more, if the postsynaptic effect were generalised, that is, 
not restricted to the dendritic area affected by the driven 
input, then an altered response would be found to glutamic 
acid applied anywhere in the dendritic field. To test these 
possibilities we have used in vitro transverse slices of rat 
hippocampus, prepared and maintained as described 
before. The experimental arrangement is described in 
Fig. 1. Briefly, a bipolar stimulating electrode (62 um wire) 
was placed on the Schaffer collaterals (the fibre connection 
consisting of collateral axons from the CA3 field to the 
CA I field of pyramid cells (Fig. 1)) and a recording micro- 
pipette was guided into the layer of pyramidal cell bodies, 
the proximal dendrites of which receive the Schaffer input. 
The recording electrode was advanced until it was located 
next to a spontaneously active cell. The electrode recorded 
both the spike activity of the “isolated” cell and the charac- 
teristic field potential elicited by stimulation of the Schaffer 
collaterals. This response is a simple monophasic positive 
wave when threshold stimulation (4-7 V) is used: at slightly 
higher voltages a sharp negative deflection is superimposed 
on the wave (Fig. 2). This negative wave has been shown by 
Andersen and associates to be an envelope of synchronously 
driven cell spikes, that is, in their words, a “‘population 
spike”™, We used this response as our index of the magni- 
tude of the postsynaptic response. A third multibarrelled 
electrode was used for iontophoretic application of 0.2 M 
L-glutamate to various regions of the pyramidal cells’ den- 
dritic field. Only a single CA 1 dendritic locus was tested in 
each slice. When the recording and electrical stimulation 
electrodes were in position the iontophoresis electrode was 
lowered into the chosen region of the dendritic field while 
glutamate was ejected at 20-30nA until the recorded cell 
was vigorously, though not maximally, driven. The ionto- 
phoresis current was then lowered until a short latency and 
stable response were obtained for a 10-s test period. When 
all three electrodes were in position the experiment was 
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begun (usually at about 2h after preparation of the slices). 
A constant current source was programmed to pulse the 
glutamate on to the CA 1 dendrites for 10s every 405 for 
3-5 min. During this time averages of 10 field potentials 
were collected in response to stimulation of the Schaffer 
collateral bundle. Stimulus pulses were applied once every 
5s at a voltage adequate to elicit a small (less than 1-mV) 
population spike. Then 15-Hz tetanic stimulation was de- 
livered for 15s, after which iontophoretic applications were 
conducted as before. Field potentials were again collected 
and averaged 1, 4, 7, 12, and 20 min after 15-Hz stimulation 
-—these were elicited by the same voltage and frequency as 
used before the conditioning train. 

Twenty-two slices were tested by this procedure. Four of 
these did not show potentiation of the “population spike” 
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5 min 10 min 


PRE l min 


Fig. 2 The upper traces are computer averages of the field 
potential recorded by the pipette located in the cell body layer 
before (Pre) and 1, 5 and 10 min after a 15-Hz, 15-s train of 
stimulation pulses (denoted by S) to the Schaffer collateral 
system. The field potential and the population spike, the negative 
deflection riding on the positive wave, were greatly enhanced by 
the tetanising stimulation. The lower traces are records of the 
rate of spike discharges of a small population of pyramid cells, 
recorded by the same microelectrode used to collect the field 
potentials, in response to a 10-s iontophoretic pulse (25nA) of 
glutamic acid applied in apical dendritic field 200 um away from 
the cell layer. Repetitive stimulation caused a decrease in the 
excitation produced by the amino acid. 


after the conditioning pulses and in two others the degree of 
response facilitation was quite modest. In the rest of the 
slices, the “‘post-tetani’’ responses were at least twice the 
amplitude of the control responses. In a few slices from 
this last group the potentiation was transient and the 
response was clearly returning towards baseline by the end 
of the test runs. 

The effects of the tetanising stimulation on the unitary 


response to glutamic acid were consistently the reverse of 


that displayed by the field potential. In addition it seemed 
that the nature and degree of the decrease in response to 
glutamic acid were related to the duration and magnitude 
of field potential potentiation. In slices which showed a 
potentiated response the excitation elicited by glutamic acid 
was reduced by at least 25%. The effect appeared within 
30s of the termination of the conditioning train and 
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generally persisted throughout testing. Furthermore, in 
those slices in which the potentiation was transient the 
reduction of the response to glutamic acid gradually dis- 
sipated (Fig. 3). 

As mentioned, two slices showed very modest potentia- 
tion and in these cases the suppression of glutamic acid 
excitation was less than 25%. Finally, three of four slices 
which did not potentiate also did not exhibit any change in 
responsiveness to iontophoretically applied glutamic acid. 
The one exception demonstrated a very slight and transient 
reduction. Table 1 summarises these points. In 10 of the 
slices we used a second train of conditioning pulses and 
measured the effects of this on the response of the pyramidal 
cells to glutamic acid. The results of these tests were com- 
parable with those obtained after the first tetanus: that is 
a strong potentiation (N=6) was accompanied by a reduc- 
tion in responsiveness to glutamic acid, whereas absence of 
potentiation (N=4) was correlated with essentially no 
change in iontophoretically induced unitary excitation 
(Table 1, bottom). 

Glutamate has been found (ref. 12 and unpublished re- 
sults of V.K.G., H. J. Spencer, C. W. Cotman and G.S.L.) 
to excite pyramidal cells more or less independently of 
where it is applied to the dendritic tree, and our study 
confirmed this. More pertinent to our findings, depression 
of glutamic acid-induced excitation was found even when 
the amino acid was applied outside the region of Schaffer 
collateral innervation (to the basal dendrites), or to the 
apical dendritic tips in the zone of entorhinal innervation 


(Fig. 1). 


Fig. 3 An example of post-tetanic potentiation which did not 
persist for more than 15 min after the 15-Hz, 15-s conditioning 
train (S). Note the reduction of glutamic acid effect while the 
field response was in a potentiated state, and the return of driving 
to preconditioning levels as the evoked potential decreased to 
baseline levels. All variables are the same as in Fig. 2. 
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The figures are the numbers of slices displaying the noted degree 
of potentiation (0, no change; 1, less than 100% increase in population 
spike within | min of the end of stimulation train; 2, greater than 
100% increase in population spike in this time frame) and a particular 
degree of reduction in response to iontophoretic application of 
glutamic acid (0, no change; 1, 10-25% reduction of firing rate: 2, 
25-40% reduction in firing rate; 3, greater than 40° reduction). 
First and second tests are explained in text. 


These results indicate that tetanic stimulation produces a 
lasting change in responsivity of the postsynaptic membrane 
and that this change is generalised to the entire neurone. 
The similarity in degree and time course of the alteration 
in glutamic acid responsiveness and the size and duration 
of potentiation suggest that these two phenomena are 
related. Postsynaptic depression after tetani has been re- 
ported in the peripheral nervous system (for example ref, 
13) but the rapid development and persistent nature of the 
effects reported here make it unlikely that comparable pro- 
cesses are involved. Speculation as to the physiological 
nature of the changes responsible for the altered glutamic 
acid response will be more profitable after completion of 
intracellular recording studies which are currently in 
progress. 
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Inhibitory postsynaptic current in 
voltage-clamped crayfish muscle 


THE current-voltage relationship provides important inform- 
ation about the mechanism of ionic permeation through 
membranes. In excitatory synapses the relationship between 
membrane potential and excitatory postsynaptic current 
(e.p.s.c.) has been extensively studied using the voltage-clamp 
method'*. In the frog endplate it has been shown that the 
€.p.s.c. was smaller than would be expected from a linear 
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relationship during hyperpolarisation of the membrane**. On 
the other hand, after iontophoretic application of acetylcholine, 
the synaptic current increased more than expected at hyper- 
polarised membrane potentials’. In investigating the current- 
voltage relationship it is important to measure the current 
on both sides of the equilibrium potential. Inhibitory post- 
synaptic current (i.p.s.c.) is more suitable for this purpose, 
because the reversal potential is near the resting potential and 
so the current—voltage relationship on both sides of the reversal 
potential can be measured using relatively small potential 
changes. Little attention has been paid, however, to inhibitory 
postsynaptic membranes, possibly because the inhibitory 
synapses are distributed diffusely over the surface of the cell 
or situated on dendrites remote from the cell body where the 
electrical changes are measured. In these conditions it is difficult 
to measure accurately the current-voltage relationship. We 
have cannulated the opener muscle of the claw in the crayfish 
(Cambarus clarkii) using a stainless steel wire, the membrane 
potential being clamped at various levels as described pre- 
viously®. Although the inhibitory synapses are distributed over 
the whole surface of the muscle fibre, the space clamp con- 
dition of the muscle fibre was maintained well using this 
technique. We have found that the relationship between 
membrane potential and i.p.s.c. was highly nonlinear on 
hyperpolarisation of the membrane. 





| x 10°A 
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Fig. 1 Inhibitory postsynaptic current (i.p.s.c.) recorded at 

various membrane potentials. A, Superimposed i-p.s.c. at 

stimulation rate of 16 Hz: a, —37 mV: h, —46 mV: c, —S7 mV: 

d, —79 mV; e, —90 mV. Upward deflection indicates the inside 

current. B, Train of i.p.s.c.s produced at 107 Hz: a, —47 mV: 
b, —60mV;c, —76mV;d, —99 mV; e, —109 mV. 


The inhibitory axon was dissected at the melopodite and 
stimulated using a pair of silver electrodes. Inhibitory stimu- 
lation produced the inwardly directed i.p.s.c. at hyperpolarised 
membrane potentials (Fig. 14, d and e). Although the time 
course of the i.p.s.c. was rather variable from fibre to fibre, the 
current reached its peak within ~ 4—Sms and thereafter 
decayed almost exponentially with a time constant of 10-20 ms 
(total duration up to 50 ms). On depolarisation of the membrane, 
the amplitude of the i.p.s.c. decreased and the current reversed 
its sign at about —60 mV (Fig. 14, c). The peak time and falling 
phase of i.p.s.c. at depolarised membrane potentials (downward 
deflections in Fig. 1A, a and b) were slightly longer than those at 
hyperpolarised membrane potentials. The time constant of 
the falling phase was 15.6+-5.1 ms at about 100 mV and 
21.3+6.0 ms at —40 mV (mean +-s.d., n= 8). 

The time course of changes in i.p.s.c. was much slower than 
that of the e.p.s.c. recorded from the same muscle; the peak time 
of e.p.s.c. being about 2-3 ms and the time constant of the 
falling phase being 3.34-1.1 ms at — 100 mV. On repeated 
stimulation of the inhibitory axon, the falling phases of the 
i.p.s.c. summed up to a plateau (Fig. 1B). Such a summation 
was, however, not manifest in the e.p.s.c. (ref. 6.) 


Nature Vol. 263 September 9 1976 











-70 -60 












-110 -100 -90 





-80 -70 % 






Membrane potential (mV) ° 


Fig. 2 Relationship between clamped membrane potential and 

amplitude of i.p.s.c. a, Peak amplitude of i.p.s.c. produced at 

16 Hz; b, plateau level of i.p.s.c.s produced at 107 Hz. Inside 
current expressed as positive. 


The peak amplitude of a single i.p.s.c. (Fig. 2a) and the 
plateau level of repeated i.p.s.c.s (Fig. 2b) were plotted against 
the clamped membrane potential. The synaptic current- 
membrane potential relationship was almost linear for the 
depolarised membrane up to -30 or -15 mV. When the mem- 
brane potential was hyperpolarised by about 20-30 mV from 
the reversal potential, however, the relationship deviated from 
linearity and the i.p.s.c. reached an approximately limiting 
value (Fig. 24). This is different from observations of e.p.s.c., 
which increased almost linearly up to —120 to —150 mV 
(ref. 6). Since the i.p.s.c. is carried by CI- (ref. 8), the out- 
wardly directed Cl- flux seems to be limited at hyperpolarised 
membrane potentials. An essentially similar relationship was 
observed when GABA was added to the bath solution, and the 
increase in the membrane current at various membrane 
potentials measured using the voltage-clamp technique. 

Since the time course of changes in i.p.s.c. became faster 
on hyperpolarisation of the membrane, nonlinearity may be 
explained by the voltage-dependent rate constants for the open- 
ing and closing of the conductance channels’. In many cases, 
however, the current-voltage relationship deviated more 
markedly from linearity than would be expected from the 
dependence of rate constants on voltage. Qualitatively similar 
nonlinearity—by the depolarisation of the membrane—has 
been observed at acetylcholine receptors in the frog endplate’ 
and electroplaque'’; these could be accounted for using the 
above hypothesis. 
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a-adrenergic receptors and pacemaker 
current in cardiac Purkinje fibres 


IN recent years, membrane phenomena in cardiac fibres have 
been analysed with increasing accuracy, by the use of electronic 
feedback. Tonic transmembrane currents have now been 
measured and analysed for their rectifier properties, their time 
constants and their activation ranges. One of the current com- 
ponents analysed in much detail is the pacemaker current in 
cardiac Purkinje fibres. Evidence is now accumulating that this 
and other current systems are related to adrenergic receptors. 
Strong evidence has been put forward that this current is 
dependent on f-adrenergic receptors. In this paper we report 
results of tests carried out to investigate the involvement of 
a-adrenoceptors in controlling this process and to show that 
they are not directly involved. 

The pacemaker potential in cardiac Purkinje fibres is genera- 
ted by a time-dependent deactivation of a slow outward current, 
ix,'**, which allows the time-independent steady-state inward 
current to depolarise the membrane. Using the formalism of 
Hodgkin and Huxley? this current component is described in the 
following way 


etree 


ika = ike XS (1) 


where ix, is the instantaneous or fully activated current-voltage 
relationship and s is a dimensionless variable which controls the 
degree of activation of ix. and which follows first-order kinetics 


ds/dt = a,1—s)—B, xs (2) 


a, and 8, are the rate constants which are voltage dependent 
only. The steady-state degree of activation of ix, was measured 
in voltage clamp conditions** as the amplitude of the current 
tail on the return to the holding potential. Since the holding 
potential is unchanged, ik, must be the same and equation (1) 
can be modified 

lx, HS (3) 


Adrenaline shifts the S-shaped curve relating the steady-state 
degree of activation and the membrane potential (s,,) as well as 
the reciprocal of the time constant (t~? = a,-+B,) in the depolar- 
ising direction®*. The instantaneous current-voltage relation, 
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Fig. 1 Effect of methoxamine (4x 107% gmli~!) on voltage 
clamp currents in sheep Purkinje fibres. The Tyrode solution 
contained the following concentrations of ions (mM): Na* 148.3, 
K+ 4, Ca** 1.8, Mg?* 0.5, Cl~ 144.6, HCO,” 12, PO,- 0.35, 
glucose 2 g}~), Each of the current records shows the response to 
30 mV depolarisation and to 10 mV hyperpolarisation from a 
holding potential of —70 mV. Note that the time-dependent 
current (fk) is changed neither with methoxamine nor with 
methoxamine plus adrenaline. The instantaneous current jump 
following depolarisation vanishes with methoxamine and is 
restored by adding adrenaline in the presence of methoxamine. 


iss 


however, is altered neither by adrenaline*®:*, nor by racemates® , 
nor optical isomers? of various B-receptor blockers. It was 
previously thought that in heart muscle only -adrenergic 
receptors are present and thus it was rather surprising when 
Cranefield et al.® reported evidence for a-receptors in Purkinje 
fibres. Since agents specifically blocking B-adrenergic receptors 
shift the kinetics of ix, back in the negative direction?” the 
question arose whether ix, may also be influenced by drugs 
stimulating alpha receptors. Tsien® found no detectable shift of 
the s-kinetics using phenylephrine (10-5 M} and propranolol 
(10-8 M), a well known B-receptor-blocking agent with strong 
local anaesthetic properties. Since in this (single) experiment 
two drugs were used-—-one of them (propranolol) with appre- 
ciable side-effects—it seemed appropriate to extend these 
studies and to use methoxamine (4x 10° emi)", a very 
selective a-receptor-stimulating agent with B-receptor-blocking 
activity" (provided by the Deutsche Wellcome GmbH). 
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Fig. 2 Relationship between the steady-state degree of activa- 

tion (S) Of ik and the membrane potential. ©, Control; A, 

methoxamine (4 x 107° g ml“); A, adrenaline (10~* g mi~) plus 

methoxamine, Note that unlike the treatment with B-receptor- 

stimulating agents methoxamine as an a-adrenergic substance 

does not change the voltage dependence of 5,,. Nor does adrena- 
line cause any shift in the presence of methoxamine. 


In our experiments chart records of Purkinje fibre action 
potentials showed that a fibre was slightly depolarised with 
methoxamine. For an example in control conditions the resting 
potential amounted to —76 mV and decreased during the 
administration of methoxamine to —72 mV. Thus, it is not 
possible to tell whether the diminution of the amplitude of the 
action potential (and probably also of the rate of rise) observed 
after treatment with methoxamine was due to depolarisation 
only or whether this drug also reduces the availability of the 
excitatory sodium current at a particular membrane potential. 

Weidmann’s!” he curve predicts a reduction in the rate of 
rise by about 25% due to a depolarisation of the order we 
observed. But in spite of the slight depolarisation, the time 
course of the pacemaker potential was essentially unchanged. 

Figure 1 shows the membrane current changes as responses 
to long-lasting depolarising and hyperpolarising clamp pulses. 
There was no measurable change in the time-dependent 
currents. The only alteration was in the non-time-dependent 
background current called ix, (refs2 and 13). This instantaneous 
current changed in the inward direction—that is, the outward 
current jump after depolarisation became negligible when 
methoxamine was present; during and after hyperpolarisation 
an increase in ix, could hardly be detected. But a decrease in an 
instantaneous outward current would be expected to depolarise 
the fibre. This current change was reversed when adrenaline 
was added together with methoxamine, 

Figure 2 shows the relationship between the steady-state 
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Fig.3 Voltage dependence of the rate of change of ix, measured 
in terms of reciprocal of the time constant (t~) of current change. 
Symbols as in Fig. 2. 


degree of activation of ix, and the membrane potential measured 
as the amplitude of the current tail on return from various 
clamp potentials to the holding potential. This curve was 
shifted neither with methoxamine nor with methoxamine plus 
adrenaline (Fig. 2). 

The absence of any shift in sẹ by adrenaline in the presence 
of methoxamine was probably a consequence of the B-receptor- 
blocking activity of this drug". 

The time constant of ix, at potentials less negative than the 
pacemaker region of potentials is determined by a procedure 
called the ‘envelope test’? in which the duration of the clamp 
to a particular potential is progressively shortened, thereby 
switching on ix, to various degrees. 

The time constant of ik, was identical at a particular potential 
whether determined in control conditions, in the presence of 
methoxamine or in the presence of methoxamine plus adrenaline. 
T, Was measured as the amplitude of current tails on return to 
the holding potential following clamps to —36 mV of various 
durations and was found to be 106 ms. Nor is there any shift 
in the U-shaped curve relating the reciprocal of the time 
constant and the membrane potential (Fig. 3). 

The kinetics of ix.—or the second factor in equation (1)— 
are related to the electric field at the membrane and thus the 
voltage dependence of the kinetics may be modified by altering 
the amount of electric charges at the inner or outer edge of the 


Fig. 4 Instantaneous current-voltage relationship of ike. This 
relationship is obtained from the quotient of the amplitudes of 
ix, during and following voltage clamp pulses to various levels. 
The ‘recti! er ratio’ obtained in this way is then multiplied by the 
amplituc . of Sw measured at the same holding potential, resulting 
in the vane of the ‘rectifier function’, Fk The absolute magni- 
tude of ix. is altered neither with methoxamine nor with metho- 
amine plus adrenaline and the rectifier properties are unchanged 
with either condition. Symbols as in Figs 2 and 3. 
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membrane. The findings described here show that stimulation 
of a-receptors does not influence the electric field near the 
ix, channel. 

The instantaneous current voltage relation of ik, usually 
shows a marked inwardly directed rectification and a con- 
siderable negative slope?. 

The results reported here (Fig. 4) demonstrate that neither 
methoxamine nor methoxamine plus adrenaline alter the 
absolute magnitude or the rectifier properties of ika. 

Our results support the idea that ix. is governed by ß- 
receptors® and they exclude the possibility that a-receptors 
influence iks. Thus, it is not surprising that drugs selectively 
stimulating a-receptors do not have a positive chronotropic 
action on cardiac muscle. 
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Spontaneous repetitive hyperpolarisations 
from cells in the rat adenohypophysis 


SPONTANEOUS, repetitive potential changes in the form of action 
potentials have been observed in only a few types of highly 
specialised cells such as cardiac pacemaker cells, various 
smooth muscle cells and certain nerve cells. Some endocrine 
cells, however, can exhibit repetitive depolarisations with 
similarities to action potentials; for example, the beta cells 
of the pancreas’, cells in the adrenal cortex? and cells of a 
clonal line of an anterior pituitary tumour". We report here 
that some cells in the adenohypophysis of ovariectomised rats 
are electrically excitable as well as exhibiting spontaneous, 
repetitive hyperpolarisations. 

The rats were ovariectomised 3-5 weeks before the experi- 
ments, to induce hypertrophy of the pituitary gonadotropic 
cells and produce a more uniform population of cells from which 
more stable recordings of membrane potentials could be ob- 
tained. One hemilobe of the anterior pituitary gland was moun- 
ted in a Perspex chamber and superfused with Krebs-Henseleit 
bicarbonate solution at 37°C, in a manner similar to that 
described before’. Membrane potentials were recorded from 
superficial cells by means of glass microelectrodes filled with 
5M potassium acetate with a resistance of 70-150 MQ. A 
bridge circuit was used for intracellular recording and injection 
of current. 

It was difficult to obtain stable measurements of membrane 
potentials from the cells of the adenohypophysis, but in 13 
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Fig. 1 Intracellular recording from an anterior pituitary cell 
exhibiting spontaneous, repetitive hyperpolarisation. The cell, 
which had a resting membrane potential of —42 mV, exhibited 
spontaneous hyperpolarisations at a frequency of 25 min ™ for 
4 min before the record in a was obtained. The left part shows 
the effect of a depolarising current, and the right shows the effect 
of a hyperpolarising current. b Indicates that the current passed 
through the microelectrode. This and all subsequent records, 
were made by means of a pen recorder and the pituitary was 
obtained from a rat ovariectomised 4 weeks before study. 


successful experiments recording from 127 cells the mean 
value was — 49,3 +-2.6 mV (s.e. of mean), which is more negative 
than previous in vivo measurements! (—21 mV) and in vitro 
measurements on pituitary tumour cells? (—41 mV). In eight 
experiments in which the input resistance—taken as a measure 
of the cell membrane resistance—was determined by passing 
small depolarising currents with the bridge balanced before 
and after penetration, the mean value was 118 MQ (range 
5-330 MQ). This value is slightly larger than that found in a 
previous study? of in vivo rat pituitary (42 MQ) but less than the 
value observed? with a clonal line of pituitary tumour cells 
(340-700 MQ). 

One population of cells with a mean resting potential of 
—37.141.7 mV (n=12) and a mean resistance of 111+31 
MQ (n= 7) was peculiar in exhibiting spontaneous, repetitive 
hyperpolarisations. The mean frequency was 37.5 min™ 
(range 2-65) and the mean amplitude was 16.0 mV (range 
8-26). The record shown in Fig. 1 demonstrates the phenomenon 
and shows that the frequency of the hyperpolarisations increased 
when a small depolarising current was passed through the 
membrane. When the cell was hyperpolarised by a current 
passed in the opposite direction, the amplitude of the hyper- 
polarisations was reduced substantially, whereas the frequency 


Fig. 2 Intracellular recordings demonstrating the excitability of 
the hyperpolarising cells. a, Ability of a depolarising current 
(indicated on the lower trace) and b, ability of termination of a 
hyperpolarising current (indicated on the lower trace) to evoke 
repetitive hyperpolarisations from an otherwise inactive cell. 
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did not change appreciably. Although most of these cells 
continued their repetitive hyperpolarisations for as long as 
24 min, in a few cases the hyperpolarisations ceased even though 
the resting potential remained unchanged. In these cells, as 
well as in some cells which did not exhibit spontaneous hyper- 
polarisations, it was possible to initiate repetitive hyperpolarisa- 
tions either by passing a depolarising current or by termination 
of a hyperpolarising current (Fig. 2). | 

A few cells transiently increased their resting potentials to 
values as negative as —75 mV. When this happened, the 
magnitude of the repetitive hyperpolarisations decreased 








successively and they were abolished at membrane potentials 
ranging from —55 to —70 mV. When the resting potential 


exceeded the value at which the hyperpolatisations were 


abolished, the polarity of the potential changes was reversed. 











Subsequently the resting potential of these cells returned tothe í e 
original value (close to —40 mV) whereby the hyperpolarising 
behaviour was restored. It was also possible to change theo 





spontaneous, repetitive hyperpolarisations to depolarisations 
by passing a hyperpolarising current sufficient to increase the 


resting potential beyond the ‘reversal potential’ (Fig. 3a). 
Since hyperpolarisation of cell membranes is frequently 
a result of an increased permeability to potassium tons, we 
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Fig.3 Intracellular recordings from spontaneously, repetitively 
hyperpolarising cells. a, Changes in amplitude and polarity of the 





studied the effect of raising the potassium ion concentration 
of the superfusion fluid tenfold (to 47 mM). Figure 3 demon- 
strates the resulting decrease in the amplitude of the hy yer 


polarisations; the hyperpolarisations were subsequently abol- 
ished (not shown). The resting membrane potential was reduced 
by the high potassium ion concentrations, and this reduction 
was associated with an increase in the frequency of the hyper- _ 





ion concentration were reversible. 

Although it is not known from which cells in the adeno- 
hypophysis the spontaneous, repetitive hyperpolarisations origi- 
nate, it is possible that the potentials have been recorded from 





polarisations. All the effects of the high extracellular potassium = 
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the gonadotropic cells, which exhibit selective hypertrophy 
after ovariectomy. Our inability to record spontaneous, 
repetitive hyperpolarisations from the adenohypophyses of 
normal rats gives some support to this view. 

In cells able to hyperpolarise in response to stimulation, 
for example, nerve cells stimulated by inhibitory transmitter 
substances®, salivary gland acinar cells stimulated by autonomic 
nerves’ and certain photoreceptor cells stimulated by light’, 
a common underlying mechanism is a stimulation-induced 
increase of the conductance of the cell membranes to potassium 
ions. In contrast, the cells in the adenohypophysis can produce 
repetitive hyperpolarisations in the absence of any obvious 
discontinuous, repetitive stimulus. The effect of increasing the 
extracellular potassium ion concentration indicates that a 
cyclic, transient jncrease in the conductance of the cell membrane 
to this ion may be involved in the hyperpolarisations. On the 
other hand, the value of the reversal potential is compatible 
with additional conductance changes to other ions such as 
sodium and calcium. The latter possibility is interesting because 
uptake of extracellular calcium ions is an important step in 
many secretory processes®, 

Although our results suggest that the hyperpolarising cells 
have pacemaker-like properties, there is an alternative pos- 
sibility. If the hyperpolarising cells were connected to spon- 
taneously discharging nerve cells through both an inhibitory 
chemical and an electrical synapse, the observed behaviour 
could be explained by postulating that the electrical synapse 
showed rectification. Neurones connected by both electrical 
and chemical synapses have been demonstrated*!°; neurones 
innervating adenohypophyseal secretory cells, however, have 
not been demonstrated. | 

The excitability of the hyperpolarising cells (Figs 1 and 2) 
show certain similarities to the excitability found in depolarising 
pituitary tumour cells by Kidokoro®. The cells described here 
however, are unique both in hyperpolarising in response to 
direct electrical stimulation and in showing repetitive hyper- 
polarisations. 
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Increase in microviscosity with ageing 
in protoplast plasmalemma of rose petals 


It is now widely accepted that most physiological functions of 
biological membranes are related to the dynamic characteristics 
of transport, enzyme and receptor sites. Since the rotational 
and translational mobility', as well as the degree of exposure 
of membrane proteins*, are largely determined by the fluidity 
of the lipid layer, membrane microviscosity may be important 
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in regulating various physiological activities, as in lympho- 
cytes?~® and erythrocytes®. To our knowledge, changes in 
fluidity of plant plasmalemma, the outer surface of the proto- 
plast’, have not yet been reported. We report here a gradual 
increase in microviscosity of protoplast plasmalemma from 
petals of ageing rose flowers. 

Rose (Rosa hyb.) flowers cv. Golden Wave (Syn. Dr. 
Verhage) were allowed to develop and age on the plant and 
were picked at different stages of development—-from a tight 
bud to a fully opened flower with first signs of wilt and colour 
fading. The four outer petals of the flowers were macerated 
enzymatically in 0.6 M mannitol (Merck) containing 0.5%% 
cellulysin (Calbiochem) and 0.25%% driselase (Kyowa Hakko 
Koggo Co.) by incubation for 18 h at 20 °C in the dark. As a 
reporter molecule, we used 1,6-dipheny!-1,3,5-hexatriene (DPH), 
the most efficient probe available for monitoring fluidity 
properties of lipid regions by fluorescence polarisation? —*’, 
For labelling, isolated protoplasts were incubated for 1 h at 
37 °C with 10~* M dispersion of DPH in 0.6 M mannitol. The 
labelled protoplasts were then washed and resuspended in 
0.6 M mannitol to a concentration of 5x 108-8 x 10° ml. A 
fluorescence microscopic view of a DPH-labelled protoplast is 
ofa glowing periphery, indicating that the fluorescence signal is 


generated predominantly from the hydrocarbon layer of the ew 


protoplast plasmalemma. l 

Fluorescence polarisation and intensity in the labelled 
protoplast suspension were recorded, and the corresponding 
microviscosity evaluated by a method described previously?:3)8, 
Figure | shows the change in microviscosity of the protoplast 
plasmalemma with stage of development of the petals. As shown, 
the membrane microviscosity ()) gradually increases with the 
flower development. The rate of increase in 1 is markedly 
enhanced during the 4-d period between stage C (partially 
opened flower) and stage E (wilting flower), when the micro- 
viscosity is approximately doubled. The effect of temperature 
on the plasmalemma microviscosity was also determined in 
each stage in the temperature range of 4-30 °C. For all mem- 
branes, the change of log n with the reciprocal of the absolute 
temperature (1/7) followed a straight line with an apparent flow 
activation energy (AE) of 3.4-+-0.2 kcalorie mol. As an 


Fig. 1 Microviscosity of protoplast plasmalemmas obtained 

from rose petals at different stages of development. Bars represent 

the range of values obtained with protoplasts from 3-5 
different flowers. 
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Fig..2. Temperature dependence of microviscosity in protoplast 

Pplasmalemmas from rose petals at stages D (A) and E (O). 

Each point represents an average of three values obtained with 
different preparations. 


example, Fig. 2 shows plots of log 7 against 1/7 obtained for 
plasmalemma from stages D and E (see Fig. 1). 

The data now available for plant membranes are still few 
and insufficient. The conclusions that can be drawn from this 
study are therefore bound to facts which were established for 
mammalian membranes. The unusually low and invariable 
value of AE = 3.4 kcalorie mol~! (in mammalian membranes 
AE = 6.5-8.5 kcalorie mol, (see ref. 2)) indicates that the 
lipid domains of the plasmalemma are highly ordered, even 
though they maintain a relatively high fluidity. In addition, it 
suggests that the membrane function and organisation are only 
slightly affected by temperature changes, which may be a 
special feature of plant membranes. A combination of these 
properties has no parallel in mammalian membranes, and 
indicates that the lipid composition, organisation and dynamics 
of plant and mammalian membranes are basically different. 
Nevertheless, the increase of plasmalemma microviscosity with 
the age of the flower could result primarily from one (or a 
combination) of the following changes: (1) an increase in the 
molar ratio of sterols to phospholipids; (2) a decrease in the 
degree of unsaturation of the fatty acid chains: (3) an increase 
in the relative amount of membrane proteins. Changes of the 
first’ and the second! kind have been observed in aged plant 
tissues. The increase in microviscosity caused by such changes 
may decrease the turnover of membrane enzymes and hormone 
receptors and thus attenuate some metabolic processes which 
will eventually lead to the death of the fower™—3. 
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Spin label study of erythrocyte membrane 
fluidity in myotonic and Duchenne 
muscular dystrophy and congenital myotonia 


Intact erythrocyte membranes from patients with myotonic 
muscular dystrophy (MMD) have been shown by spin labelling 
(review of method in ref. 1) to have greater membrane surface 
fluidity than normal*-*, We have now evaluated the specificity 
of this phenomenon. We used erythrocytes from patients with 
MMD, and also from patients with Duchenne muscular 
dystrophy (DMD), as a model of dystrophy with no myotonia, 
and from patients with congenital myotonia (CM) as a model 
of myotonia without dystrophy. 

MMD has been considered a defect of muscle surface 
membrane based on the persistence of repetitive membrane 
depolarisation after nerve block or neuromuscular blockade? A 
similar locus has been postulated for the membrane defect 
is congenital myotonia’. Our previous biochemical and bio- 
physical studies have suggested that in MMD, there are mem- 
brane abnormalities in erythrocytes as well as muscle mem- 
branes?:3-5~®, Membrane protein phosphorylation is lower than 
normal®* and the stoichiometry of the sodium pump is unusual’. 
An abnormally large number of stomatocytes was noted by 
scanning electron microscopy in MMD as well as several other 
inherited muscle diseases, including CM and DMD". Studies 
with stearic acid methyl ester spin labels have demonstrated that 
MMD erythrocyte membranes are more fluid near the mem- 
brane surface than are those of normal controls**, The data 
now reported indicate similarly high erythrocyte fluidity near 
the membrane surface in CM, whereas erythrocytes from DMD 
and other non-myotonic muscular dystrophic. patients have 
normal membrane fluidity as assessed using 5-NMS (see below). 
These results suggest a correlation of increased membrane 
fluidity with the presence of myotonia. 

The principal spin label we used was 2-(3-carboxypropyl)- 
2-tridecyl-4,4-dimethyl-3-oxazolindinyloxy! methyl ester (- 
nitroxide methyl stearate) (S-NMS) (Syva Associates), The 
erythrocytes were obtained from fresh heparinised blood 
from patients and from age and sex-matched controls. In 
experiments with MMD cells, data previously obtained’ 
from seven normal and nine myotonic patients were recalcu- 
lated as described below. Samples from twelve normal and ten 
DMD patients and nine normal and nine CM patients, re- 
spectively, were used. In each of the three separate sets of 
experiments, intact erythrocytes were prepared by centri- 
fuging blood at 1,570g for 10 min at 4 °C and washing the cells 
four times with 5mM sodium phosphate-150mM Natl 
buffer, pH 8.0 (PBS). The buffy coat was removed carefully 
and the cells were resuspended in isotonic PBS at a haematocrit 
of 45-50%. 

Intact MMD cells were labelled overnight at 37°C and 
intact CM and DMD cells were incubated with 5-NMS at 
room temperature for 10-30 min. In each respective set of 
experiments, control and disease state membranes were treated 
identically. The ratio of spin label to lipid molecules were kept 
at approximately 1:50 to avoid spin exchange effects’. Magnetic 
resonance measurements were performed as before? on both 
a Varian V-4502-15 and a Ventron-Magnion MVR-9X electron 
spin resonance (ESR) spectrometer, with a quartz aqueous. 
sample cell. , 

The spin label we used is thought to orient in the erythrocyte 
membrane with the polar head group near the lipid head group 
and the alkyl chain parallel on the average to the lipid alkyl 
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chains. Rapid anisotropic rotation takes place about the long 
axis of the spin label whose nitroxide group probes an en- 
vironment near the membrane surface. A typical spectrum 
of 5-NMS in erythrocyte membranes is shown in Fig. 1, in 
which the experimental 7-tensor parameters are indicated. 
The order parameter, S, is a measure of the fluidity of the local 
environment in which the paramagnetic centre of the spin 
label is found while ay, the nitrogen isotropic hyperfine coupling 
constant, is a probe of local polarity. Regardless of whether the 
random walk model of Jost et al! or the model of Mason 
et al.' (which involves an inverse relationship between the rate 
of rotation of the symmetry axis and the apparent values of 
both S and an) is used to explain spectra like those of Fig. 1, 
the interpretation of S as a measure of local fluidity is valid. 
The polarity correction factor used by Hubbell and McConnell? 
with the crystal T-tensor values of “doxyl’-propane reported 
by Jost ef a/.1°, were used in the calculation of S. 
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Fig. 1 Typical spectrum of 5-NMS in normal erythrocytes. 
The tensor parameters are indicated. 


The mean S values for controls and each disease state 
performed in the three separate sets of experiments were com- 
pared by a two-way analysis of variance!* (Table 1). This 
two-tailed method of statistical analysis minimises possible 
fluctuations from day to day between separate experimental 
values which can often occur with biological samples. 

P is the significance of the difference of the mean values of 
Scontrot ANd Sgisease state (or (an) contro) ANG (AN) disease state) 
in each set of experiments calculated using a two-way analysis 
of variance. The null hypothesis was that MMD, DMD and 
CM membranes are, respectively, not different from the 
corresponding controls. The difference of Soni and Smp 
or Scm is significantly greater than zero, indicating more fluid 
environments in erythrocytes from these myotonic conditions. 
In contrast, there is no mean difference of Sentro and Soup 
and, accordingly, no difference in surface membrane fluidity. 
In this latter case the data actually tended to show DMD 
erythrocytes to be more rigid than controls but statistical 
significance of this observation could not be demonstrated. 

The difference between the mean values of the control 
parameters in the MMD experiments compared with those 
in the CM and DMD experiments probably reflects the different 
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Table 1 Comparison of the order parameter S for 5-NMS in normal 
and MMD, DMD or CM intact erythrocytes 


Sx Sump Sw Somo Sy Sem 


Mean 0.625 0.590 0.598 0.605 0.588 0.570 
sem. 0.008 0.006 0.012 0.015 0.010 0.008 
n 7 9 12 10 9 9 
P < 0.005 0.1<P<0.25 <0.01 


a ch E E NEES 
N, normal. Sis calculated by 
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where the primed values are obtained experimentally (Fig. 1) and 

‘= (T"y+27,/3. The unprimed crystal values are obtained from the 
results of Jost et al.’ on doxyl-propane. The data for MMD were 
from ref. 3, recalculated by a two-way analysis of variance. Data 
from three separate sets of experiments are presented. P was calcu- 
lated by a two-way analysis of variance using a two-tailed test with 
a null hypothesis that the respective means are equal. 
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methods of labelling used. Intact erythrocytes held for several 
hours at 37 °C rapidly lose intracellular ATP with a consequent 
decrease in cell deformability'*. This latter property may reflect 
an increased membrane rigidity which in turn would demon- 
Strate an increased order parameter. Intact erythrocytes 
labelled overnight at 37°C show an increased S-value when 
compared with cells from the same donor labelled for 15 min 
at room temperature (D.A.B., unpublished). The ay value of 
5-NMS in control cells is also increased in the MMD experi- 
ments compared with those of the other two sets of experiments 
(Table 2), suggesting that the spin probe is experiencing a 
different environment in the former case. The important aspect 
of these data in that within each separate set of experiments, 
normal and disease state membranes were treated in the same 
manner, 

Our previous results? recalculated by the two-way analysis 
of variance show MMD erythrocyte membranes to have 
greater than normal surface fluidity as assessed by 5-NMS 
and less than normal local polarity, as measured by 16-NMS, 
relative to those of normal controls. The study reported here 
demonstrates that membrane fluidity is greater than normal 
in CM but not different from controls in DMD, hyperkalaemic 
periodic paralysis (without para-myotonia) or oculopharyn- 
geal muscular dystrophy. There are no highly significant 
polarity changes as measured by ay in the various experiments 
(Table 2). 

We also found greater than normal membrane fluidity in 
MMD and CM erythrocytes when we used the corresponding 
acid spin label (5-NS) in identical procedures. The same 
differences of fluidity in erythrocyte ghost preparations® as 
in intact cells were also observed. 





Table 2 Comparison of ay for 5-NMS in normal and MMD, DMD 
or CM intact erythrocytes 


N MMD N DMD N CM 





Mean 15.91 15.81 15.56 15.67 15.50 15.43 
$.e.m. 0.07 0.05 0.05 0.31 0.31 0,32 
n 7 7 10 10 9 9 

P <0.25 <0,25 < 0.25 





The data for MMD were from ref. 3, recalculated by a two-way 
analysis of variance. 
P was calculated as in Table 1. 


Increased membrane fluidity has been demonstrated in both 
MMD and CM erythrocyte membranes by means of ESR 
spectroscopy. Although this method detects a fluidity increase 
in both cases, the specific biochemical alterations responsible 
for the change in these diseases may be quite different. Lower 
than normal phosphorylation of component a has been 
demonstrated in MMD erythrocyte ghosts, while CM ghosts 
do not have such biochemical alteration’. Physiological data 
also support different mechanisms of myotonia. Muscle 
membranes from CM demonstrate greater than normal 
resistance and less than normal chloride conductance, while 
these characteristics are not apparently affected in MMD*‘. It is 
interesting that the two myotonic diseases MMD and CM 
involve abnormal membrane fluidity of erythrocytes whereas 
DMD and the other two non-myotonic dystrophies apparently 
do not. 

Membrane fluidity is a function of many variables, including 
the nature of membrane lipids (type of phospholipid, fatty 
acid chain length and degree of unsaturation, head group and 
cholesterol content), temperature, water content, presence of 
ions (especially divalent cations), and the total of protein—lipid 
interactions!*!’, Activity of membrane-associated transport 
enzymes in bacterial? and animal*®:*° systems can be altered 
by affecting membrane fluidity. Increased membrane fluidity 
in MMD and CM may affect the expression of a transport or 
enzyme system resulting in the clinical sign of myotonia in 
muscle. Although the specific mechanism responsible for these 
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phenomena is unknown, our spin label measurements suggest 
a correlation of increased erythrocyte membrane fluidity with 
the presence of myotonia. 
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Vitamin D-stimulated intestinal 

calcium absorption may not involve 
calcium-binding protein directly 


One of the earliest responses of chick intestine to cholecalciferol 
(vitamin D,) is the appearance of a soluble calcium-binding 
protein (CaBP) for which current evidence indicates a role in 
the intestinal absorption of calcium? ?. CaBP, which has never 
been detected in the intestine of cholecalciferol-deficient 
chickens, is synthesised de nove in response to cholecalciferol, 
apparently by the induction of the transcription of a specific 
mRNA for CaBP (ref. 3). In the chick CaBP biosynthesis is 
initiated after a lag of about 7h after physiological doses of 
the vitamin. A correlation between the appearance of CaBP 
and the first detectable increase in calcium absorption in 
response to cholecalciferol was observed when CaBP was 
measured using immunological procedures*® but not using the 
less sensitive Chelex assay*. Consequently it has been generally 
accepted that CaBP plays a major role in chicks in chole- 
calciferol-stimulated calcium transport, but by a mechanism 
which has still to be described. These changes in intestinal 
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CaBP levels and in calcium absorption are brought about by 
1,25-dihydroxycholecalciferol (1,25-(OH),D,), the hormonal 
metabolite of D,. We report here the sequence and time scale of 
changes in calcium absorption and CaBP levels in the intestine 
in response to 1,25-(OH).D,. By comparison with events 
observed after cholecalciferol administration, the changes in 
response to the hormone turn out to be much more rapid and 
to have different rates of decay, with calcium transport being 
stimulated before CaBP can be detected immunologically. 

Using immunoelectrophoresis’ we have measured the amount 
of CaBP in the intestinal mucosa of rachitic chicks at various 
intervals after injecting 1,25-(OH),.D, intracardially. CaBP 
was first detected 5h after dosing (7h earlier than after an 
equivalent dose of cholecalciferol) and by 16h had increased 
to a level of 35 ug per g wet weight mucosa. Maxima! quantities 
(42 ug g~') were obtained by 48 h, the levels declining to about 
50% of the maximum by 72h (Table 1); the protein could not 
be detected again by 96 h. 

The ability of rachitic chicks to transport calcium across the 
intestine after receiving 1,25-(OH),D, was measured jn vitra 
using everted intestinal sacs*. Sacs prepared from birds killed 





Table 1 Calcium-binding protein levels in intestinal mucosa of 
rachitic chicks treated with 1,25-(OH),D 


in rnin 





Time (h) CaBP (ug per g % Maximum 
after dosing wet weight tissue) response 

0 0 0 

5 * 

7 12.0 28.5 

8 22.5 53.6 
16 35.0 83.3 
24 36.3 86.4 
48 42.0 100 
72 20.0 47.6 
96 0 0 





*, CaBP was detectable but in amounts too low for measurement. 

Groups of six rachitic chicks received intracardia!l injections of 
125 ng 1,25(0H),D, in 0.1 ml 10% EtOH and 90° propylene 
glycol, and were killed at the times shown. CaBP was measured in 
the pooled duodenal cytosols by immunoelectrophoresis’ using pure 
CaBP as standard. 


2h after dosing, transported calcium at a rate significantly 
higher than that of the controls, the maximum rate being 
reached by sacs obtained from birds 8 h after dosing (Fig. 1). 
By 21 h the ability of the sacs to transport calcium had declined 
to a rate slower than that occurring at 2 h. Thus by 4h, 1,25- 
(OH), -stimulated calcium transport was occurring at more 
than 50% of the maximum measured rate, whereas CaBP 
could not be detected. By 21 h, when calcium transport had 
declined markedly, the intestinal CaBP level was approaching 
its maximum. This lack of correlation between calcium trans- 
port and the quantity of CaBP induced by a single injection of 
1,25-(OH),D;, at both short and longer time intervals, sug- 
gested that the production of CaBP might be an event secondary 
to the hormonal stimulation of calcium transport. We therefore 
re-examined the phenomena using more sensitive methods 
for the detection of CaBP. 

In the chick, cholecalciferol-stimulated CaBP appears to 
the greatest extent in the duodenum’. We therefore tested the 
ability of duodenal polysomes prepared from rachitic and 
1,25-(OH).D,-dosed chicks to synthesise CaBP in an in vitro 
cell-free system". Incorporation of *H-leucine into completed 
polypeptide chains and into immunoprecipitable CaBP was 
determined. The specificity of the antiserum used to precipitate 
the tritiated CaBP was confirmed by analysing the dissociated 
immunoprecipitates on polyacrylamide gels. Typically, more 
than 80% of the total radioactivity recovered from the gel 
slices was localised in the CaBP peak. To measure CaBP 
synthesis, radioactivity in the CaBP area of the gels was related 
to the total TCA-precipitable incorporation into completed 
polypeptide chains. 
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Table 2 Effect of 1,25-(OH),D, on the synthesis of CaBP by poly- 
somes in vitro 


Radioactivity in CaBP (*°% total 


Time (h) immunoprecipitable proteins synthesised % Maximum 


after dosing CaBP (d.p.m.) by polysomes) response 
0 0 0 0 
1* 0 0 0 
Pho 517 0.04 1.10 
3 1,091 0.08 2.33 
4 9,774 0.69 20.1 
6 27,242 1.92 58.2 
8 37,790 2.66 80.8 
13 46,788 3.29 100 
21 8,170 0.57 17.5 
48 0 0 0 





*Same birds were used for both polysome preparation and 
calctum transport measurements. At each other time, birds were 
taken from the same batch as those used for calcium transport. 

Groups of four rachitic chicks received 125ng 1,25-(OH),D, 
intracardially and were killed at the indicated times. Duodenal 
polysomes were prepared’? and incubated for 40 min at 37°C in 
triplicate 330-1 aliquots. The incubation medium contained 1 mM 
ATP, 0.1 mM GTP, 10 mM creatine phosphate, 40 ug ml ~ creatine 
kinase, 50 uM of each amino acid except leucine, 5 pCi mi~ *H- 
leucine, 0.5 mg mi~ polysomal RNA, 0.4 mi mi~? gel-filtered rat 
liver cell sap, | mM dithiothreitol, 4mM MegCl,, 100 mM KCI and 
20mM Tris-Cl pH 7.5. Duplicate 20 pl aliquots of the pooled 
triplicate postribosomal supernatants were removed for measurement 
of TCA-precipitable radioactivity in released protein. The remainder 
was immunoprecipitated with anti-CaBP as described previously?. 
The immunoprecipitate was dissolved by heating for 20 s at 90 °C in 
100 u! SDS-Tris—dithiothreitol solution’? and electrophoresed on 
SDS-acrylamide gels, which were then cut into l-mm slices and 
processed for radioactive counting’. °H radioactivity (d.p.m.) in 
the CaBP area of the gels is expressed as a percentage of the total 
TCA-precipitable incorporation into released proteins (corrected 
up to the maximum value obtained, that is, 1.4 x 10° d.p.m. mi~} 
at each interval. 


As shown in Table 2, CaBP mRNA activity was maximal 
13h after a single hormone injection, by which time CaBP 
represented 3-4% of the total protein-synthesising capacity 
of the polysomes (assuming a constant rate of translation). 
Polysomes from birds killed 1 h after receiving 1,25-(OH),.D, 
were unable to synthesise CaBP. At this time, however, in- 
testinal sacs prepared from the same birds could transport 
calcium at a low level (Fig. 1). Sacs prepared from birds killed 
2h after dosing, transported calcium at 27°% of the maximum 
rate, but polysomes from these birds could only synthesise 
minute amounts of CaBP equivalent to 0.04°% of the total 
proteins completed in vitro. Therefore, although translation 
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Fig. 1 Stimulation of in vitro calcium transport in chick intestine 
in response to 1,25-(OH),D,. Rachitic chicks (other than controls) 
were dosed intracardially with 125 ng 1,25-(OH).D, and killed 
at the times shown. Sacs were constructed from 3.0 cm of ileum 
distal to the yolk sac remnant and filled with 0.3 mi medium. 
Incubation was carried out at 37 °C for 90 min with shaking in 
25-ml Erlenmeyer flasks containing 3.0 ml of the same medium in 
98% 04/5% CO, A low sodium medium was used to reduce 
water transport"; this contained 198 mM mannitol, 25 mM 
KCl, 1.2mM NaH,PO,, 25mM NaHCO, 1.2mM MgS0o,, 
20 mM glucose, 0.5 mM CaCl, and “Ca at a concentration of 
40,000 c.p.m. mi~. Aliquots (100 pl) were removed from the 
serosal and mucosal solutions after incubation for measure- 
ment of radioactivity. Each point is the mean of a group of 7-10 
chicks. Vertical bars indicate + s.e.m. A low level of calcium 
transport seemed to be taking place after I h (P < 0.3) but 
significant transport did not occur until 2h (P < 0.001). 
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of CaBP mRNA in vive had commenced by 2h after dosing, 
CaBP production represented only 1.0% of the maximum 
activity attained. 

Thus, at all times at which calcium transport could be 
observed at a significantly higher rate in dosed chicks than in 
rachitic birds, we detected nascent CaBP on the polysomes. 
We have also detected very low amounts (0.01°% of total 
protein synthesis) of soluble (that is, completed, released from 
polysomes and presumably functional) *H-CaBP synthesised 
in vitro by intestinal slices obtained from birds killed 2 h after 
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Fig. 2 Time course of events occurring in the rachitic chick 
intestine after a single intracardial injection of 125 ng 1,25- 


(OH).D;. W, Calcium transport in vitro; @, CaBP mRNA 
activity; A, CaBP level in intestinal cytosol. 


dosing (data not shown), confirming the presence of minute 
amounts of CaBP in the intestine at this stage. None was 
detectable at 1 h. From the composite data presented in Fig. 2, 
however, by 3h after dosing, when calcium transport is pro- 
ceeding at 50% of its maximum rate, CaBP biosynthesis is 
occurring at only 2.5% of its maximum rate, and in general 
the response curve of the latter lies about 2.5 h after the former. 

It is also apparent from Table 2 and Fig. 2 that after 13h 
the ability of the polysomes to synthesise CaBP declined rapidly, 
being completely absent by 48 h. This suggests that the half 
life of CaBP mRNA is not more than 4 h; high levels of CaBP 
observed in intestinal supernatants between 16 and 48 h and its 
disappearance between 48 and 96h therefore indicate that the 
accumulated CaBP is stable within the 3-4-d life of the cell, 
rather than that a steady-state situation of continued synthesis 
and breakdown exists. In addition, the continued presence of 
CaBP in mucosal cells at times when calcium transport is no 
longer detectable indicates that other vitamin D-dependent 
factors are required. 

There have been reports of a correlation between changes in 
calcium absorption and in CaBP levels which occur in chicks in 
response to cholecalciferol*~*. Before the present study, it 
seemed that a correlation could be demonstrated providing that 
the CaBP levels were measured by immunological procedures. 
Furthermore, the available information from two labora- 
tories!™ on the effect of 1,25-(OH),.D, on chick intestine seem- 
ed to support this view, but in both studies the times at which 
comparisons were made were too late to detect calcium trans- 
port in the absence of CaBP. In our studies, in which changes 
in calcium absorption and CaBP after 1,25-(OH),D, were 
compared at hourly intervals, calcium transport occurred while 
CaBP was absent or present in very small amounts. Thus, 
it is unlikely that CaBP is required for the initial calcium trans- 
port occurring in response to 1,25-(OH),D,, although the 
possibility remains that only a small proportion (0.01-1.0%) 
of the CaBP ultimately synthesised in response to the hormone 
actively promotes calcium transport. If such a small proportion 
of CaBP is active in calcium absorption there are implications 
for the mechanism by which the protein is effective. That 
finding would imply a catalytic role for CaBP rather than its 
functioning in a stoichiometric relationship with the calcium 
being transported, In addition, the intracellular distribution 
of this small quantity may be different from the distribution 
of the total CaBP eventually produced by the cell’. It seems 
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unlikely, however, that the bulk (> 99%) of the CaBP in the 
mucosal cell is inactive. We therefore conclude that there is 
not an obligatory requirement for CaBP in all calcium transport. 
Whether such a conclusion is applicable to mammalian 

intestine awaits further investigation. The present position 
is that the absence of CaBP in the intestine of rachitic animals 
of some species as claimed by some investigators!™ +? is open to 
doubt!*"", although there is general acceptance that its syn- 
thesis is increased by the vitamin'*~*!. Resolution of this 
problem requires specific antisera to an intestinal CaBP pre- 
paration from a mammalian species in which vitamin D 
deficiency is readily produced, 
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Factors involved in initiation of haemoglobin 
synthesis can be phosphorylated in vitro 


Raggırt reticulocytes, after incubation in a nutritional 
medium with radioactive inorganic phosphate, contain a 
significant amount of covalently bound phosphate. 
Approximately 65% of this phosphate is attached to 
ribosome-associated proteins which are released into the 
0.5 M KCI wash fraction from ribosomes; the remainder is 
bound to ribosomal protein’. The high salt wash fraction 
contains various proteins required for the initiation and 
maintenance of protein synthesis. To analyse the effects of 
phosphorylation on the regulation of protein synthesis, 
purified initiation factors from rabbit reticulocytes have 
been examined for phosphate-acceptor activity through the 
use of cyclic AMP-regulated and cyclic nucleotide- 
independent protein kinases. Here we describe the 
phosphorylation of two factors previously shown to be 
involved in the initiation of haemoglobin synthesis. Both 
IF-MP, the Met-tRNA, binding factor, and IF-M2A, a 
ribosome-dependent GTPase activity, are modified by a 
cyclic nucleotide-independent protein kinase isolated from 
rabbit reticulocytes. Initiation factors IF-M1 (ref. 2), 
IF-M2B, (ref. 3), IF-M2B, (ref. 3), IF-M3 (ref. 4) and 
IF-Mé4 (ref. 5) are not phosphorylated by this enzyme. 
The cyclic nucleotide-independent protein kinase activities 
in the post-ribosomal supernatant fraction were isolated by 
chromatography on DEAE-cellulose (Fig. 1). Enzyme 
activity was monitored by incorporation of radioactive 
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Fig. 1 Isolation of cyclic nucleotide-independent protein kinase 
activity from rabbit reticulocytes by chromatography on DEAE- 
cellulose. The post-ribosomal supernatant fraction was prepared 
and chromatographed on DEAE-cellulose as previously 
described’ except that 600 mg of protein was added, and elution 
was with a 600-ml linear KCI gradient ranging from 0 to 0.5 M 
KCl. Protein kinase activity was assayed using y-*"P-ATP (@) 
and y-3#P-GTP (©) as previously described", The activity 
referred to as HI in the text comprises fractions 54-79. Fractions 
54-62, 67-72 and 74-79 were pooled individually, dialysed against 
20 mM Tris-HCl, pH 7.5, 6mM mercaptoethanol and 1 mM 
EDTA and stored at 4 °C. 


phosphate from y-"P-ATP and y-"P-GTP into casein. The 
major protein kinase activity (IIIc) elutes between 0.24 and 
0.34M KCI and is observed to contain several chroma- 
tographically different species. The protein kinase activity 
was pooled into three fractions as indicated in the legend 
to Fig. 1, and the enzyme activity in each of these fractions 
was analysed as a function of increasing concentrations of 
monovalent and divalent cations and for substrate 
specificity. No differences were observed among the three 
fractions (data not shown). The DEAE-cellulose colurmn 
fractions were also analysed for cyclic AMP-regulated 
protein kinase activity using histone ITA (Sigma) as substrate 
in the presence of 1.4x10°°M cyclic AMP. The regions 
where these two protein kinases eluted are indicated by 
arrows in Fig. 1. Further chromatography of the cyclic 
AMP-regulated protein kinases resolved these enzymes from 
cyclic nucleotide-independent activities’, 

Highly purified initiation factors from rabbit reticulocytes 
were incubated with the cyclic AMP-regulated and cyclic 
nucleotide-independent protein kinase activities using either 
radioactive ATP or GTP as the phosphate donor. 
Phosphate-acceptor activity of the initiation factors was 
demonstrated by electrophoresis of the incubation mixture 
on polyacrylamide gels containing sodium dodecy! sulphate 
(SDS) followed by autoradiography. IF-MP was phosphory- 
lated as shown in Fig. 2. This initiation factor has been 





Table 1 Effect of cyclic AMP and cyclic GMP on phosphorylation of 


IF-MP and [F-M2A E 
IF-MP _ IEMA 
“P incorporated (pmol pg) 
Protein kinase (67-72) 1.9 ILE 80 





2.7 
-+ cylic AMP 2.4 1.9 
+ cyclic GMP 2 






The stained initiation factors obtained | 
electrophoresis as described in Figs 2 and. 
counted in a Beckman liquid scintillation c 
cocktail mixture. Sea auc 
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purified to homogeneity’, and has been shown to form a 
ternary complex with Met-tRNA; and GTP*. It is composed 
of three subunits which migrate with molecular weights of 
57,000, 53,000 and 38,000 in polyacrylamide gels containing 
SDS*. The subunit with a molecular weight of 53,000 is 
phosphorylated by the cyclic nucleotide-independent protein 
kinase (Hic) using either ATP or GTP. With the reaction 
conditions used, 0.45 mol of phosphate were incorporated 
per mol of IF-MP, assuming a molecular weight of 180,000 
(ref. 7). IF-MP is not modified by cyclic AMP-regulated 
protein kinases H or Iflg. 
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Fig. 2 Phosphorylation of IF-MP. IF-MP (1.4 ug) was 
phosphorylated in 0.045 ml of reaction mixture containing 
50mM Tris-HCl, pH 7.0; 10 mM MgCl, 0.14mM  y-3?P-ATP 
(0.2 Ci mmol™) or y-**P-GTP (0.12 Ci mmol); 1.4 x 10 
M cyclic nucleotide (where indicated), and protein kinase. The 
reaction contained 7 enzyme units (EU) of Illy (fractions 74- 
79), 25 EU of Hl, (further purified by chromatography on 
phosphocellulose), or 20 EU of IL, (purified further by 
chromatography on carboxymethyl Sephadex). A unit of protein 
kinase activity has been defined previously’. Incubation was for 
20 min at 30 °C and terminated by the addition of SDS in sample 
buffer. Slab gel electrophoresis was performed using the gel 
system of Laemmli® as described by Ames?? with the following 
modifications: the ratio of acrylamide to bis-acrylamide was 
22.2 :0.6; the electrode buffer contained twice the concentration 
of Tris-HCI and glycine; and the resolving gel and the stacking 
gel acrylamide concentrations were 10°) and 5°% respectively. 
Electrophoresis was at room temperature for 0.5 h at 100 V 
followed by 3.5 h at 150 V. The gels were stained in Coomassie 
brilliant blue, destained and autoradiographed for 3-4 h against 
Kodak No-Screen medical X-ray film. Samples (a-d) contained 
ATP and Hie. a, IF-MP omitted; b, no additions; c, plus cyclic 
AMP; d, plus cyclic GMP. Samples (e-h) contained GTP and 
He. e, IF-MP omitted; f, no additions; g, plus cyclic AMP: 
h, plus cyclic GMP. i, Contained ATP, cyclic AMP, and I; 
j. contained ATP, cyclic AMP and HI. 


TF-M2A which catalyses a ribosome-dependent GTPase 
activity was also modified by the cyclic nucleotide- 
independent protein kinase activity that phosphorylates 
IF-MP (Fig. 3). This initiation factor has been observed to 
stimulate protein synthesis using either a natural or artificial 
template and has been purified to homogeneity’. As 
observed in the autoradiogram, either ATP or GTP can be 
the phosphate donor. With optimal incubation conditions, 
approximately two phosphoryl moieties can be incorporated 
per polypeptide of molecular weight 125,000, and both 
serine and threonine residues are modified (data not shown). 
IF-M2A is not modified by either of the cyclic AMP- 
regulated protein kinases. 

The effects of cyclic AMP and cyclic GMP on the 
phosphorylation of both initiation factors are shown 
qualitatively by autoradiography in Figs 2 and 3. To 
quantify the effects of these nucleotides on the phosphory- 
lation of the initiation factors, the radioactive proteins were 
excised from the gel, dried and counted in a liquid 
scintillation counter. Table 1 shows that cyclic AMP and 
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Fig. 3 Phosphorylation of IF-M2A. The procedures were des- 

cribed for Fig. 2 except that 1.5 ug of homogeneous IF-M2A 

was reacted with 3 EU of protein kinase IIe (fractions 67-72) 

in a final volume of 0.025 ml for 10 min. The stacking gel con- 

tained 2.5%, acrylamide and the voltage for the first 0.5 h of the 
run was 75 V. For identification see Fig. 2. 


cyclic GMP neither stimulate nor inhibit the phosphory- 
lation of IF-MP and IF-M2A at 10°°M. In the conditions 
of the reaction, ATP is slightly more effective as a phosphate 
donor than GTP. Both the ATP and GTP were examined 
by thin-layer chromatography on PEI cellulose and found to 
be chromatographically pure with regard to contaminating 
radioactive nucleotides. Thus, both nucleotide triphosphates 
are authentic phosphate donor compounds in the reaction. 
Both initiation factors are modified by the three chroma- 
tographically different fractions of protein kinase which 
comprise Hie. These three fractions show little or no 
difference in the extent to which they phosphorylate the 
initiation factors. 

Our results provide the first evidence of a cyclic 
nucleotide-independent phosphorylation of initiation factors 
which are involved in the complex process of protein 
synthesis. The phosphorylation of a single 40S ribosomal 
protein in rabbit reticulocytes has been shown to be con- 
trolled by cyclic AMPU“. Phosphorylation of the same 
protein in rat liver increases considerably when the liver is 
forced to regenerate” or in conditions of experimental 
diabetes**. 

Evidence suggests that the role of haemin in the regula- 
tion of protein synthesis is mediated by phosphorylation. In 
the absence of added haemin, inhibition of protein synthesis 
in a reticulocyte lysate occurs at chain initiation with a 
concomitant decrease in binding of Met-tRNA,; to 40S 
ribosomal subunits’**. This inhibition is potentiated by the 
addition of ATP'™®SY. Inhibition produced by haemin de- 
privation is prevented in the reticulocyte lysate by high 
concentrations of GTP’, cyclic AMP™*" and various 
purines’, and by the addition of IF-MP". A protein 
kinase activity has been identified with the purified in- 
hibitor fraction”. Since the protein kinase activity described 
here makes use of both ATP and GTP as substrate, it is 
questionable whether this enzyme has the requisite proper- 
ties for the translational inhibitor. But we have recently 
isolated another cyclic nucleotide-independent protein 
kinase activity which initially copurifies with cyclic AMP- 
regulated protein kinase HI». This cyclic nucleotide- 
independent activity modifies the small subunit of IF-MP 
and may be the haem-controlled repressor (S.M.T., J.A.T., 
B.S. and W.C.M., in preparation). 

Thus there are at least two possible mechanisms for the 
control of translation by phosphorylation—-cyclic AMP- 
regulated modification of the 40S ribosomal subunit and 
cyclic nucleotide-independent phosphorylation of the 
initiation factors. We are analysing the differential 
phosphorylation of the two factors and the 40S ribosomal 
subunit in order to understand the molecular basis for the 
control of protein synthesis by phosphorylation. 
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Evidence for involvement 

of nuclear envelope nucleoside 
triphosphatase in nucleocytoplasmic 
translocation of ribonucleoprotein 


A NUCLEOSIDE triphosphatase activity showing broad sub- 
strate specificity has been found in nuclear envelope isolated 
from rat and pig liver, Tetrahymena macronucleus, and 
cultured SV-3T3 fibroblasts using the method of Harris 
and Milne’, and has been extensively characterised in this 
laboratory. There is evidence that in purified nuclear en- 
velopes there is only one enzyme which catalyses nucleoside 
triphosphate hydrolysis: the activities observed with dif- 
ferent substrates and metal ions are not additive, and they 
show a single pH optimum, the value of which varies with 
the source of the envelopes’. This enzyme seems to be local- 
ised in the nuclear pore complexes’, Several reports have 
indicated that ATP markedly stimulates the release of 
mRNA from isolated nuclei, but no evidence has been 
presented to suggest that this stimulation necessarily 
requires hydrolysis of the ATP. In this paper, however, we 
present evidence that the nucleoside triphosphatase is an 
essential component of the mechanism of nucleocytoplasmic 
translocation of ribonucleoprotein. 

SV-3T3 cells were grown in Dulbecco’s modified Eagle’s 
medium (Flow Laboratories) and labelled for 6h with 
10 aCi “C;-orotic acid (61 mCimmol’, Amersham). The 
cells were homogenised in 10mM Tris-HCl, pH 7.4, con- 
taining 1 mM MgCh, and centrifuged through 2.2 M sucrose 
in the same Tris-MgCl. buffer at 100,000g for lh at 0 °C. 
The pellet of nuclei was substantially free of 5’ nucleotidase 
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Fig. 1 Time course of RNA release from isolated nuclei. All ex- 
periments were carried out at 35 °C in the following medium**: 50 
mM Tris-HCl, pH 7.6, 25 mM KCI, 2.5 mM MgCl, 6.3 mM 
MnCl,,0.5 mM CaCl,, 5.0 mM NaCl, 2.5 mM K.HPO,, 5.0 mM 
spermidine and 2.0 mM dithioerythrytol. ©, Control; @, release 
on addition of 2.0 mM ATP; x, release on addition of 2.0 mM 
EDTA: A, release on addition of 2.0 mM _ adenylyl-B,y- 
methylene diphosphonate (AMP.PCP); C, difference between 
ATP-stimulated and control values. After 30 min incubation, 
744-4% of the counts released in the control and 904.5% of the 
additional counts released in the presence of ATP were pre- 
cipitable with 5% TCA. There was no significant difference 
between the release in the presence of EDTA and that in the 
presence of AMP.PCP; indicating that, contrary to the finding 
of Raskas’, the effect of AMP.PCP is solely attributable to its 
chelating action. The effect of ATP, however, is clearly not 
wholly attributable to chelation. 


(EC 3.1.3.5), Na/K-stimulated Mg-ATPase (EC 3.6.1.4) and 
succinate dehydrogenase (EC 1.3.99.1), and no organelle 
contamination was visible under phase contrast (B.McC., 
P.S.A. and J. F. Lamb, unpublished). Digestion of the 
nuclei in 0.1 M NaOH and counting in a Packard Tri-Carb 
scintillation spectrophotometer using NE 250 scintillant 
(NEM) showed “C incorporation of 5,000 + 1,000 c.p.m. per 
10° nuclei. In the presence of 50 ug ml™ proflavine, orotic 





Table 1 Specificity of the nucleoside triphosphatase and of nucieo- 
side-triphosphate-stimulated RNA release from isolated nuclei for 
various divalent cation—nucleoside triphosphate complexes 


pand 





Substrate a b 
Mg.ATP?- 16.7411 438421 
Mg.GTP?~ 18.0+-1.1 450-4+-22 
Mzg.UTP~ 7,9-4-0.5 219-15 
Me.CTP?- 7,2+0.5 153-413 
Ca.ATP?- 13.41.1 350-419 
Mn. ATP?~ 11.5411 306-4- 18 
Zn. ATP? 1.30.4 22+10 
Be. ATP?— Zero Trace 





a, Nucleoside triphosphatase activity (umol inorganic phosphate 
released per h per mg protein). b, Stimulated RNA release (cpm, 
per h per 10° nuclei)—that is, the difference between counts released 
in the presence and in the absence of the nucleoside triphosphate. 
For the release experiments, nuclei were incubated at 35°C in 
0.88 M sucrose containing either 5mM MgCl,, CaCl, MnCl, ZnCl, or. 
BeCl,, and the 5% TCA precipitate of the supernatant was counted 
as described in the text’, The results in column & are in good agree- 
ment with those of Ishikawa er ai.*. 
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Fig. 2 Eadie plots comparing dependence of rates of nucleoside 
triphosphatase reaction (©) and ATP-stimulated RNA release 
from nuclei (@) on ATP concentration. For the left-hand 
ordinate (S/v RNA release), the y term has been taken as the 
difference in label released (c.p.m. per h per 10° nuclei) in the 
presence and absence of ATP at each concentration. For the 
right-hand ordinate (S/y enzyme), the v term is the nucleoside 
triphosphatase activity (umol phosphate released per h per mg 
envelope protein). Enzyme assays were carried out as described 
in the text, the free Mg?* concentration being maintained at 
0.2 mM _ throughout?!*, RNA release experiments were carried 
out essentially as described in Fig. 1; but to avoid spurious 
results due to the chelating action of ATP, EDTA was added to 
make the total ATP+ EDTA concentration 1.0 mM throughout. 
Km values obtained are 0.264-0.05mM for the nucleoside 
triphosphatase, and 0.30-+-0.09mM for the ATP-stimulated 
RNA release. The agreement between the behaviour of the two 
processes is again close. 


acid incorporation was reduced to 850c.p.m. per 10° nuclei, 
indicating that most of the label was taken up into the 
nuclear RNA", 

The media described by Ishikawa er al’ and by 
McNamara et al., which maintain the nuclei in a stable 
and essentially disaggregated state, were used in the RNA 
release experiments; the yeast RNA, ATP-generating system 
and cytoplasmic protein? were omitted. Volumes (0.75 ml) 
of a suspension containing approximately 5x 10° nuclei ml’, 
with and without ATP (routinely 2.0 mM) and other re- 
agents, were incubated at 35°C for various times. The 
suspension was centrifuged at 3,000¢ for 5min to remove 
nuclei, and 0.4-ml aliquots of the supernatant counted as 
before. 

The nucleoside triphosphatase activity proved resistant to 
all attempts at solubilisation. Enzyme assays were therefore 
carried out by incubating whole nuclear envelopes in 25 mM 
triethanolamine-HCl buffer, pH 7.7, with ATP and MgCl 


Table 2 Effects of various inhibitors on the nuclear envelope 
nucleoside triphosphatase and on ATP-stimulated RNA release from 
isolated nuclei 


Inhibitor a b 
Quabain 2.0 mM 100 4-8 100-9 
Gramicidin 50 ug ml ~ 100-6 100-43 
Cycloheximide 50 ug ml. ! 1004 100-7 
Oligomycin 5 pg ml ~ 85-45 824-8 
50 pg mi~? 60-10 52-46 
Quercetin 5 jig ml 50 -+6 35 +5 
15 ug mi~? Trace Trace 
ATP y5 1.0mM 50-10 38 +6 
2.0mM 16-48 Trace 





a, Nucleoside triphosphatase activity; b, rate of RNA release. All 
values are expressed as percentage of control -+1 s.em. ATP ¥5, 
Adenosine-5’-O-(3)-thiotriphosphate. ATP analogues were obtained 
from Boehringer ; other inhibitors from Sigma. 
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at 35 °C for 30 min, and determining inorganic phosphate 
release, In experiments in which the effects of inhibitors 
were investigated, the nuclei or envelopes were preincubated 
with the inhibitor for 5 min, and solvent blanks were used 
as controls. 
Substrate specificity, kinetic behaviour and inhibition pro- 
perties of the ATP-stimulated RNA release were investi- 
gated and compared with the corresponding properties of 
the nucleoside triphosphatase, to establish whether there 
was a causal connection between the two processes. The 
effect of ATP on RNA release from the nuclei is shown 
in Fig. 1: 25-30% of the label released in the absence of 
exogenous ATP is attributable to low molecular weight 
(TCA-soluble) material; the remainder presumably repre- 
sents leakage of RNA from the nuclei, although the pos- 
sibility that traces of endogenous ATP may contrrbute to 
the background cannot be ruled out. Preliminary isotacho- 
phoretic measurements indicate not more than 20 nmol 
ATP per 10° freshly prepared nuclei. 
Table 1 shows that replacement of other nucleoside tri- 
phosphates for ATP and of other divalent cations for Mg”? 
still resulted in stimulation of RNA release from the nuclei. 
There is a striking correlation between this stimulated 
release and the rate of hydrolysis catalysed by the nucleoside 
triphosphatase for all divalent cation—nucleoside triphos- 
phate complexes investigated. The nuclear envelope con- 
tains an active glucose-6-phosphatase (EC 3.1.3.9) (ref. 3), 
but replacement of ATP by 2.0 mM glucose-6-phosphate 
was not attended by significant stimulation of the RNA 
release. 
Table 2 compares the effects of inhibitors on the nucleo- 
side triphosphatase and on the ATP-stimulated release of 
RNA. Again, the correlation is striking, particularly so 
because the inhibitor concentrations for half-maximal in- 
hibition were similar for both processes. The dependence 
of the rate of ATP-stimulated RNA release on ATP con- 
centration approximated to Michaelis-Menten kinetics, with 
a Kw value (2.8107 M) close to that for the nucleoside 
triphosphatase (Fig. 2). For all properties investigated, 
therefore, there was a close correspondence between the 
behaviour of the two processes, indicating a likely causal 
connection. 
There is strong evidence that the RNA released as a 
ribonucleoprotein complex into the supernatant in the con- 
ditions described in this paper is predominantly mRNA. 
Although the possibility of some contamination with hetero- 
geneous nuclear RNA cannot be ruled out, normal nuclear 
restriction of RNA has been clearly demonstrated using the 
medium described by McNamara et al. and Ishikawa et al. 
note that the RNA released in the conditions they use in 
the presence of ATP is largely incorporated into poly- 
somes'’. If these in vitro conditions, which have been used 
in the present investigation, can be accepted as a reasonable 
facsimile of conditions in vivo, then the results we have 
described here strongly suggest that the nuclear envelope 
nucleoside triphosphatase constitutes an essential part of 
the mechanism of nucleocytoplasmic ribonucleoprotein 
translocation. Detailed kinetic studies of the enzyme have 
been carried out in this laboratory’, with a view to illumi- 
nating the molecular mechanism of this translocation 
process. . 
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Unexpected occurrence of an aminoacylated 
nucleoside in mammalian tRNA 


Many tRNAs contain a hypermodified nucleoside at the 
3’ side of their anticodons!. The modifications at this position 
are essential for tRNA function in ribosome binding and 
amino acid transfer? +, and cause inability to base pair accord- 
ing to the Watson—Crick scheme. A striking correlation be- 
tween the codon response of the tRNA and the nature of this 
hypermodified nucleoside has been observed: all known 
sequences of tRNAs (Escherichia coli), with codons beginning 
with uracil, contain N*®-(A?-isopenteny!)-2-methylthio-adenosine 
at the 3’ side of the anticodon®~*, whereas tRNAs with codons 
starting with adenine, contain an aminoacylated nucleoside, 
such as N-[N-(9-B-p-ribofuranosyl-purin-6-yl)carbamoy] ] threo- 
nine (t°A) or the methyl derivative (mt®A) at this position®?®. 

The same distribution of these isopentenylated and amino- 
acylated nucleosides has also been observed in yeast- 
and mammals":44, This striking regularity led to the widely 
accepted postulate that N*-(A?-isopentenyl-adenosine) (IfA) 
or the methylthiolated derivative might have a specific role 
in the recognition of codons starting with uridine’, whereas 
tA is thought to prevent pairing between uridine in the third 
position of the anticodon and guanine in the first position of 
the codon*. 

The Tyr-tRNAs read the UAX-codons and contain in 
E. coli 8, Torulopsis utilis, and yeast“ i®A next to the anti- 
codon, as expected. Tyr-tR NA from rat liver, however, chroma- 
tographs very differently from the i*A-containing species on 
partition chromatography columns”, and elutes at about the 
same position as tRNA,“ which contains the hydrophilic 
nucleoside mt*A (ref. 15). This chromatographic behaviour 
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of tRNA T*" (rat liver) indicates the presence of a polar nucleo- 
side in the anticodon loop of this molecule. As mentioned, tA 
was thought to be present exclusively in tRNAs coding for 
AXX codons, so we did not expect it in tRNA‘, which codes 
for UAX. Here we report the unexpected occurrence of {A 
in tRNA‘ from rat liver. 

tRNAT” was purified from crude rat liver tRNA (ref. 21) 
using two different fractionation procedures. The first involved 
fractionation on BD-cellulose column chromatography** 
at pH 4.5. The tRNA?”-enriched fractions were then separated 
on a DEAE-Sephadex A 50 column? at pH 7.3, further 
purified on a BD-—cellulose column in 7M urea™ at pH 4.5, 
and finally separated on a reversed phase column (system 5}%. 
The second purification method consisted of fractionation 
on a BD-cellulose column in 7M urea at pH 4.5, then the 
tRNA?’?'-enriched fractions were phenoxyacylated™ and 
rechromatographed using the same chromatography system. 
The latter method takes advantage of the fact that a modified 
uridine in tRNAT” reacts specifically with the phenoxy- 
acylating reagent leading to a more lipophilic elution position 
of the derivatised tRNA, so that tRNA™ can be separated 
rapidly from non-derivatised material”, From the elution 
profile of other tRNAs one can conclude that the structures of 
hypermodified nucleosides in the anticodon loop are not affected 
by this method. 

After enzymatic hydrolysis to nucleosides, pure fractions 
of tRNA’ (rat liver) were analysed by two-dimensional 
thin-layer chromatography on cellulose-coated aluminium 
foils, as described previously*®. The nucleosides were identified 
by their characteristic chromatographic behaviour and by their 
ultraviolet absorption spectra at pH 1, 6 and 12, as well as by 
their characteristic fluorescence and phosphorescence at 
77 K (ref. 29). The two-dimensional chromatogram of a hydro- 
lysate of rat liver tRNA‘ is shown in Fig. 1. With the excep- 
tion of the chemically modified uridine derivative in case of the 
phenoxyacylated tRNA, identical patterns were obtained 
by analysis of fractions from the two different purification 
methods. The following nucleosides were found: adenosine, 
13-15; cytidine, 19-20; guanosine, 20-22; uridine, 0-11; 
pseudouridine, 3—4; ribothymidine, 1; dihydrouridine, 3-4; 
{-methyladenosine, 1; 5-methylcytidine, 1; 1-methylguanosine, 
l; N*-methylguanosine, 1; N?,N*-dimethylguanosine, 1; 7- 
methylguanosine, 1; and an unknown uridine derivative (U*) 
which reacts with the phenoxyacylating reagent. Neither A, 
nor one of its derivatives, was found in the hydrolysate. Instead, 
one residue of the nucleoside tA, which is found exclusively 
at the 3’ position adjacent to the anticodon, was detected. 
Since t®°A was thought to be present only in tRNAs coding for 
AXX codons and therefore should not occur in the tyrosine- 
specific tRNA, we proved the identity of tA by the following. 


extensive criteria. (1) The ultraviolet absorption spectra of the | ee 


compound at different pH showed the same characteristics 
as those of the synthetic t*A (Fig. 2). (2) After alkaline hydro- 
lysis of t?A from tRNA'*’' with KOH (0.3 M, 16h, 37°C) 


Fig. 1 A two-dimensional thin-layer chroma- 
togram of the digest of tRNAT?*. 2-3 Aasa 
units of the desalted tRNA" were de- 
gradated enzymatically overnight at 37°C 
by 25 yg pancreatic RNase (Boehringer 
GmbH, Mannheim), 30 ug snake venom 
phosphodiesterase (Worthington) and 25 ug 
alkaline phosphatase (Worthington, Code 
BAPF) in a siliconised test tube containing 
0.02 M ammonium formate (pH 7.6) and 
§x104*M MgCl, in 0.2 ml (ref. 28). The 
digest was subsequently treated for 2h at 
37°C with Syg ribonuclease T, (Calbio- 
chem) and then applied on a cellulose-coated 
aluminium foil, as described previously**. 
The solvent systems used (see Table 1) were 
solvent C in the first dimension and solvent 
D in the second. The arrow indicates the 
established position of isopentenyladenosine 
which is absent in this hydrolysate. 
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Fig. 2 Ultraviolet absorption spectra of aminoacylated nucleosides. a, Synthetic t®A; b, t*A from rat liver tyrosine tRNA; ¢, synthetic mt®A. 
“e DH 1; —— pH 6; ~ ~ — pH 12; ----- pH 13. 


and removal of the potassium with perchloric acid, the ultra- 
violet absorption spectra of the hydrolysate was identical to 
that of adenosine. In addition, the degradation product also 
showed mobility identical to adenosine on three different thin- 
layer chromatographic systems. (3) Automatic amino acid 
analysis after degradation of the compound in Ba(OH), 
(0.1 M, 20 min in a boiling water bath and 16h at 37°C, 
followed by removal of Ba?+ with sulphuric acid) yielded equal 
amounts of threonine and serine. Control experiments using 
synthetic tA established that in these hydrolysis, considerable 
amounts of threonine were degraded to serine. (4) The chroma- 
tographic properties of tA from tRNA’! in four different 
solvent systems were identical to those of synthetic t®A and 
different from either its glycine analogue g°A or mt*A (Table 
1). (5) Chromatography on DEAE-cellulose at pH 8-8.8 
showed that the compound had a negative charge like t®A and 
differed therefore from another aminoacylated derivative 
which had been isolated from tRNA, ™*! (E, coli)! and which 
would be uncharged at this pH. 

These findings clearly prove the presence of the amino- 
acylated nucleoside tA in tRNAT?’* (rat liver). Analysis of 
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Table 1 Chromatographic mobilities of aminoacylated nucleosides 

compared with t*A from tRNA?! (rat liver) in four different 
solvent systems 


Nucleoside Rr values ( x 100) in solvent 
A B C D 
tA from tRNA T?! (rat liver) 49 53 10 30 
t®A (synthetic) 49 53 10 30 
mt*A 58 59 13 27 
g'A 38 48 5 10 
adenosine $4 74 42 tI 


The following solvent systems (cited in ref. 28) were used: A, 
n-propanol-concentrated ammonium hydroxide—water (90:45:15, 
by volume); B, isobutyric acid~ammonium hydroxide (0.5 M)- 
EDTA (0.1 M) (100:60:1.6, by volume); C, 1-butanol-isobutyric 
acid—water~-ammonium hydroxide (25°) (150:75:50:5, by volume) 
D, saturated ammonium sulphate-sodium acetate (0.1 M) (pH 6)- 
isopropanol (79:19:2, by volume). 


tRNA T?" from the silk worm (Bombyx mori), showed that in 
tRNA”! from this organism, iA is also replaced by t*A, 
indicating that tA in tRNA T’' seems to be a common feature 
of higher organisms—thus contrasting strongly the situation 
in E. colit ~ and yeast! -}*, 

It is particularly interesting that the nature of the base 
adjacent to the anticodon of tRNAs coding for UXX codons 
is very different in E. coli and in mammals. In E. coli this posi- 
tion is always occupied by N*-(A*-isopentenyl)-2-methylthio- 
adenosine, whereas in higher organisms there were detected 
(in addition to isopentenyl-adenosine) wybutosine (Y) in 
tRNA?" (yeast)®, 1-methyl-guanosine in tRNA,+®" (yeast)êt, 
adenosine in tRNA 1€"? (yeast)?? and derivatives of wybutosine 
in tRNA": of wheat germ?! and mammals*‘~*7, This may 
indicate that the problem of recognition of these tRNAs 
by the ribosome might be solved differently in prokaryotes and 
higher organisms. 

We thank Drs G. B. Chheda and M. P. Schweizer for synthetic 
aminoacylated nucleosides (t®A, mt®A, g*A), Dr J.-P. Garel 
for the sample of pure tRNA'” from Bombyx mori, and Drs 
J. Gordon, G. A. Howard and J. P. Jost for critical reading of 
the manuscript. 

R. BRAMBILLA 
H. Roce 
M. STAEHELIN 


Friedrich Miescher-Institut, 
PO Box 273 
CH-4002 Basel, Switzerland 


Received June 14; accepted July 6, 1976. 


1 Nishimura, $., in Progress in Nucleic Acid Research and Molecular Biology, 12 
(edit. by Davidson, J. N., and Cohn, W. E.), 50-85 (Academic, New York, 1972). 

2 Gefter, M. L., and Russell, R. L., J. molec. Biol., 39, 145-157, (1969). 

3 Fittler, F., and Hall, R. H., Biochem. biophys. Res. Commun., 28, 441-446 (1966). 

4 Thiebe, R., and Zachau, H. G., Eur. J. Biochem., 5, 546-555 (1968). 

5 Parthasarathy, R., Obrt, J. M., and Chheda, G. B., Biochem. biophys. Res. 
Commun., 60, 241-218 (1974). 

6 Harada, F., et al, Biochem. biophys. Res. Commu, 33, 299-306 (1968), l 

7 Nishimura, 5., Yamada, Y., and Ishikura, H., Biochim. biophys. Acta, 179, 
517-520 (1969), i ; 

8s Yamada, Y., Nishimura, S., and Ishikura, H., Biochim. biophys. Acta, 247, 
170-174 (1971). 


we 


Nature Vol. 263 September 9 1976 


? Ishikura, H., Yamada, Y., Murao, K., Saneyoshi, M., and Nishimura, S., 
Biochem. biophys. Res. Commun., 37, 990-995 (1969) 

10 Kimura-Harada, F., Harada, F., and Nishimura, S., FEBS Lett., 21, 71-74 (1972). 

11 Madison, J. T., and Kung, H. K., J. biot. Chem., 242, 1324-1330 (1967). 

12 Smith, C. J., Teh, H. S., Leu, A. N., and D’Obrenan, P., J. biol. Chem., 248, 
4475-4485 (1973). . 

13 Kuntzel, B., Weissenbach, J., and Dirheimer, G., FEBS Lett., 25, 189-191 (1972). 

14 Staehelin, M., Rogg, H., Baguley, B. C., Ginsberg, T., and Wehrli, W., Nature, 
219, 1363-1365 (1968). 

15 Rogg, H., Müller, P., and Staehelin, M,, Eur. J. Biochem., §3, 115-127 (1975). 

16 Jukes, T. H., Nature, 246, 22-26 (1973). 

17 Goodman, H. M., Abelson, J., Landy, A., Brenner, §., and Smith, J. D., Nature, 
217, 1019-1024 (1968). 

18 Goodman, H. M., Abelson, J., Landy, A., Zadrazil, S., and Smith, J. D., Eur. J. 

_ Biochem., 13, 461-483 (1970). 

19 irr S., Miyazaki, M., Takemura, S., J. Biochem.. Tokyo, 65, 659-661 

; 1 : 

20 Wehrli, W., and Stachelin, M., Biochemistry, 10, 1878-1884 (1971). 

21 MA Wehrli, W., and Staehelin, M., Biochim. biophys. Acta, 195, 13-15 

22 Gillam, L, et al., Biochemistry, 6, 3043-3056 (1967). 

23 Cherayil, J. D., and Bock, R. M., Blochemistry, 4, 1174-1183 (1965). 

24 eS.” Kruppa, J., and Zachau, H. G., Biochim. biophys. Acta, 277, 513-5822 

25 Pearson, R. L., Weiss, J. F., and Kelmers, A. D., Biochim. biophys. Acta, 228, 
770-774 (1971), 

26 Gillam, I, Blew, D., een R. C., von Tigerstrom, M., and Tener, G. M., 
Biochemistry, 7, 3459-3468 (1968). 

27 Friedman, S., Biochemistry, 11, 3435-3443 (1972). 

28 Rogg, H., Brambilla, R., Keith, G., and Staehelin, M., Nucleic Acids Res., 3, 
285-295 (1976). 

29 Rogge, H., Wehrli, W., and Stachelin, M., in Methods in Enzymology, 20 (edit. 
by Moldave, K., and Grossman, L.), 118-125 (Academic, New York, 1971). 

3% RajBhandary, U. L., ef al., Proc. natn. Acad. Sci, U.S.A., §7, 751-788 (1967), 

31 Chang, S. H.. Kuo, 5., Hawkins, E., and Miler, N. R., Biochem. biephys. Res. 
Commun., §1, 951-955 a 

32 ken G., Roy, A.. Ebel, J-P., and Dirheimer, G., FEBS Leti., 17,306-308 


(1971). 

33 Dudock, B. S., Katz, G., Taylor, E. K., and Holley, R. W., Proc. natn. Acad. 
Sci. U.S.A., 62, 941-945 (1969). 

34 Keith, G., et al., FEBS Lert., 31, 345-347 (1973). 

35 Keith, G., Ebel, J-P., and Dirheimer, G., FEBS Lert., 48, 50-52 (1974). 

36 Roe, B. A., et al., Biochem. biophys. Res. Commun., 66, 1097-1105 (1975). 

47 Fink, L. M., Lanks, K. W., Goto, T., and Weinstein, 1. B., Biochemistry, 10, 








Primary processes in photochemistry 
of rhodopsin at room temperature 


Most of the information concerning the primary photochemical 
events in vision has been derived from low temperature work! ~. 
Recently, pulsed laser excitation methods with nanosecond’! ~® 
or picosecond’ time resolution have been applied, in an attempt 
at clarifying the primary act at physiological temperatures. 
These studies showed that prelumirhodopsin PLR; or bathor- 
hodopsin), which is the primary photoproduct at 77K, is 
also formed at room temperature, with a rise time of less than 
6x 107! s (ref. 9) and a half life of ~10~ s (refs 6-9). The 
problem remained, however, as to whether other primary 
transients, in addition to PLR, are formed at room tempera- 
ture®. It is also important to establish if PLR is the unique 
precursor of the visual sequence at physiological temperatures, 
ruling .out direct routes to subsequent intermediates—for 
example, lumirhodopsin (LR)—circumventing PLR. The 
present pulsed Nd laser study has attempted to clarify the 
above points, essentially testing the applicability of the low 
temperature photochemical picture (refs 10 and 11, and T.R., 
B. Honig, M.O. and T. Ebrey, unpublished) in physiological 
conditions. 

The Nd laser photolysis system has been described pre- 
viously? Photolysis of the rhodopsin samples by the monitoring 
light was minimised by using short (10~2 s) exposures (obtained 
with a synchronised camera shutter) and appropriate combina- 
tions of Corning glass filters. Nanosecond measurements (with 
the monitoring source used in an intense pulsed mode) were 
not carried out in the 480-520-nm range, where no such filter 
combinations could be found, to reduce bleaching by the 
monitoring light (to less than ~5°4) without lowering its 
intensity (7) below the minimum required)*. The range between 
520 and 550 nm was also avoided because of interference from 
light scattered by the laser. The above limitations on / impose 
serious restrictions on the signal-to-noise ratio (S/N) of the 
present nanosecond laser experiments (Fig. la and 6, S/N = 
5-10). A more intense monitoring pulse, however, significantly 
improving the accuracy of the measurements, pumps the system 
to an undefined mixture of rhodopsin and its bleaching pro- 
ducts, preventing a quantitative analysis of the net effects due 
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to laser excitation of rhodopsin. Highly pure rhodopsin 
solutions in 0.067 M phosphate buffer (2% Ammonyx LO) 
were prepared as described previously#*~™. 

Characteristic oscillograms, showing the main transient decay 
patterns after pulsed (530 nm, 40 ns) Nd laser excitation of 
rhodopsin solutions at 22 °C, are shown in Fig, 1. Oscillograms 
(a-d and f) were recorded using a pulse energy of ~ 20 mJ 
which is sufficiently high to reach saturation (absorbance 
changes independent of the pulse intensity), reflecting the 
attainment of a photostationary equilibrium between the 
primarily excited rhodopsin and photoproducts formed during 
the pulse (for example, PLRP?, Oscillogram e was recorded 
with a reduced pulse intensity, as indicated by the drop in 
the transient absorbance relative to, for example, f Figure la 
and b shows that the initial changes at the end of the pulse 
are followed by decay and growing-in processes, exhibiting a 
half life of ~ 100 ns. These fast events are followed by much 
slower changes in the us range (Fig. lc and d). The corres- 
ponding difference spectra, recorded 50 ns, 700.ns and i ms 
from the origin of the pulse (Fig. 2), are proportional to the 
differences D,*— Dgr’, where D,* is the drop in the absor- 
bance of rhodopsin due to photobleaching and D,* is the 
(time-dependent) absorbance of photoproducts present after 
the pulse. The dotted curves in the range where experimental 
points are not available were estimated as described below. 
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Fig. 1 Characteristic oscillograms in the Nd laser photolysis 
of rhodopsin at room temperature. The initial absorbance of the 
solutions at 495 nm ranged from 0.5 to 1.0. Experiments a, D, 
c and f were carried out using a 20-mJ pulse, whereas e was 
carried out using a reduced intensity (oscillator only, without 
amplification). Load resistors used: 50Q (a, band A; 10 KO (0 
and 100 KQ (e and f). 100% (c~fpand 2% (f) denote the percentage. 
of transmitted monitoring light. Upper traces in c—f were recorded 
in the absence of the monitoring beam. Vertical sensitivity 20 mV 
(a, b, d and e, central trace); 10 mV (c); 200 mY (e, bottom and 
upper traces); 100 mV (f). The initial light to dark deflections 
(not shown) in a and b were 180 mV and 170 mV, respectively. 
The break in the lower traces in ce and e is due to firing of the 
laser pulse. In all other cases the laser was fired almost simul- 
taneously with the oscilloscope trigger. In oscillogram f the 
lower trace denotes the transmittance of a bleached rhodopsin 
solution. The two central traces were recorded in an unbleac 
solution, without (upper) and with (lower) the laser be 
From this information it is possible to evaluate the ab 
of the solution before pulsing and the change induce 
laser pulse between 1 and 7 ms. This enables e 
percentage rhodopsin bleached, as described in 
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Fig. 2 Transient absorbance changes after pulsed Nd laser 

excitation of rhodopsin at room temperature. Data were re- 

corded 50 ns (a), 700 ns (b) and 1 ms (c) after firing the laser. 

In a and 6 the spectral resolution is of the order of 5 nm (above 
350 nm) or 10 nm (below 350 nm). 


Oscillograms c and d in Fig. | and curve c in Fig. 2 show 
that after ~0.3 ms, bleaching in the range of the 500-nm 
rhodopsin band is associated with an increase in absorbance 
at about 380 nm, characteristic of the spectrum of meta- 
rhodopsin H (MID, Similarly, the difference spectra a 
and b may be associated with the generation of PLR (Ama, at 
77K = 543 nm) and LR (ma, = 490 nm). (In the present 
experiments we have not attempted to identify MI, the pre- 
cursor of MII, the absorption spectrum of which is similar to 
that of LR.) A closer examination of Fig. 2 indicates, however, 
that the observed difference spectra cannot be rationalised 
only in terms of PLR, LR and MII. In all three cases the 
absorbance change in the 450--550-nm range is higher than 
that expected from the corresponding low temperature differ- 
ences in extinction coefficients ™!8: gm —EL*, E&p?—eR* 
and £eir*—Er*, indicating that apart from PLR an additional 
product (X) is present at the end of the pulse which is stable 
at least up to the stage of MIT. A new band in the neighbourhood 
of 450 nm was also reported by Bensasson et al.® along with a 
peak at about 330 nm, not observed in the present work. 

Information relevant to the identification of X was obtained 
by measuring its contribution, reflected by the absorbance drop 
at 480 nm (at the stage of MII) relative to that at 550 nm, as a 
function of the laser pulse intensity. Excitation below saturation 
(for example, Fig. le), when the amount of light absorption 
by PLR relative to rhodopsin is considerably reduced, leads to 
an increase in the above ratio (D4go/Ds59 = 2.2-£0.4), compared 
with that (0.9 +-0.3) obtained using saturating excitation energies 
(for example, Fig. 2c). It seems therefore that X is a secondary 
product, formed during the pulse because of light absorption 
by PLR. Thus, in view of the photoequilibrium 


AN. Av 
rhodopsin == PLR ===> Isorhodopsin (IR) 
(Amarat 77K AY (amaxat77K BY (may at 77K 
== 498 nm) = 543 nm) = 491 nm) 


which is known to be established at 77 K (refs 3 and 19), it is 
strongly suggested that X should be identified with the 9-cis 
isomer, IR (Ama, at 25 °C = 485 nm)", 

This suggéstion may be more quantitatively tested by con- 
sidering the change in absorbance after I ms at 550 nm 
(where Emu ~ 0) 


A Dss = Crp tip?! ~ Cumbre? CirER 


Taking?! €,,5°/e,* ~ 0.5 and neglecting the contributions of 
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IR and rhodopsin at 380 mm (that is, approximating: A Dg ~ 
Eun’ Cun), we have 


ADss9 = — Ep (Cir/ 2-4- A Dyso/Emu?®?) 


From the data of Fig. 2 (with Emy ® = 4.0 x 101M- cm~ and 
ep? = 1.8 x 10° M~>cm™>) we obtain Cuy = 4.5x10 M 
and Cir = 6.6x10€ M. The concentration of bleached 
rhodopsin is Cir+ Cmn and its contribution to the difference 
spectra in Fig. 2, Dg’ = Er*(Cir +Cmn) is shown in Fig. 3a. 
Addition of Dg* to each of the difference spectra in Fig. 2 
yields curves d, e and f in Fig. 3, representing correspondingly 
D,* (50 ns), Dr? (700 ns) and D,* (1 ms). It can be seen that 
curve f can be represented by the superimposition of the known 
spectra™™!>18 of MH (Fig. 3c) and IR (Fig. 34), in keeping 
with the identification of X as IR. A similar procedure shows 
that curves e and d are obtainable by superimposing the 
contribution of IR and correspondingly (allowing for a 10-20-nm 
temperature shift and a ~ 10% change in extinction co- 
efficients) those of LR and PLR in amounts equal to that of 
MII. 


Absorbance 





Fig. 3 a, Contribution of bleached rhopodsin (D,*) to the 
difference spectra of Fig. 2; b and c, spectra of MII and of 
transient X (IR), respectively. d-f, Spectra of transients present 
after 50 ns (d), 700ns (e), and I ms (f) evaluated from the 
corresponding traces in Fig. 2, as described in the text. 


The above observations are consistent with PLR being the 
unique primary product in the photochemistry of rhodopsin at 
room temperature, It is also evident that it constitutes the 
precursor of the subsequent intermediates in the cycle (LR, MI, 
MII, and so on). Thus, the classical sequence of primary 
events as derived for rhodopsin on the basis of low temperature 
work? seems to be applicable at physiological temperatures, 
in agreement with a conformational (for example, cis-trans) 
change as the only primary step of the visual cycle (refs 10 and 
11, and T.R, et al., unpublished). 

We thank Dr B. Honig, Dr A. Kropf and Dr R. Bensasson 
for discussions. T.R. is grateful for Professor T. Ebrey’s invitation 
to join his laboratory in the State University of Illinois. 
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Structure of thymidylyl-3',5'-deoxyadenosine 


THE triethylammonium salt of the dinucleoside phosphate, 
thymidylyl-3’,5’-deoxyadenosine (TpdA) forms helical struc- 
tures when aqueous solutions are allowed to evaporate’. There 
are some similarities between the X-ray diffraction patterns from 
TpdA and those from poly(dA-dT)-poly(dA-dT), and we 
originally thought that the structures might be similar’. But 
when the structure for poly(dA-dT)—poly(dA-dT) was proposed? 
it was apparent that the TpdA structure was not of the same 
kind. This, together with the fact that we had obtained more 
detailed X-ray diffraction patterns from better oriented TpdA 
specimens, led us to consider the different molecular model for 
TpdA which we describe here. 

Figure la shows the diffraction pattern from a specimen of 
TpdA at ~ 60% relative humidity. The layer-line spacing 
corresponds to a periodicity of 26.4 A and the equatorial Bragg 
reflections fit a hexagonal lattice with a = 21.3 A. Discrete 
reflections are confined to the inner region of the equator—the 
remainder of the pattern shows continuous intensity along the 
layer lines. The strongest intensity is in the meridional region of 
the 7th layer line. The intensity on the 8th layer line is also very 
strong as well as the first maximum on the Ist layer line. The 
near meridional diffraction on layer lines 5-8 is similar to the 
diffraction in the same region in patterns from DNA, double- 
helical RNA and synthetic polynucleotides. It is mainly due to 
the bases and gives information about their tilt relative to the 
helix axis. 
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In the early photographs it was difficult to decide on which of 
the layer lines 5-8 the intensity was truly meridional and thus to 
decide the number of residues per turn of the helix. Better 
oriented specimens, tilted at 12° from perpendicular to the X-ray 
beam show that the intensity on the 5th and 8th layer lines is not 
meridional (Fig. 1b). But it is not possible to decide whether the 
truly meridional intensity occurs on the 6th or the 7th layer lines. 
Tilting a specimen at 24° from perpendicular to the X-ray beam 
to examine the meridional region of the 12th and 14th layer 
lines, it is again difficult to decide which of these two has truly 
meridional intensity (Fig. 1c), In fact the intensity on the 13th 
layer line seems to be more meridional, although this appear- 
ance could be a result of the intensity distribution on these layer 
lines, which is very dependent on the tilt of the bases. 

Meridional intensity on the 7th and 14th layer lines would 
imply seven residues per turn of the helix, with a rise per residue 
of 3.77A and a rotation per residue of 51.4°, Meridional 
intensity on the 6th and 12th layer lines would imply six residues 
per turn, with corresponding translational and rotational values 
of 4.4 A and 60°. 

Our original idea that the TpdA structure might be similar to 
that of poly(dA-dT)—poly(dA-dT) would mean that the repeat- 
ing unit of the structure was a pair of TpdA molecules related 
to each other by a twofold rotation axis perpendicular to the 
helix axis. The large tilt of the bases required to give the approp- 
riate rise per residue in such a model is not however, consistent 
with the near-meridional intensity distribution in the diffraction 
pattern. We therefore considered alternative models, in which 
the repeating unit is one TpdA molecule and with a smaller tilt 
of the bases, as suggested by the near-meridional! diffraction 
intensity. We assumed that within the dinucleoside phosphate, 
the two nucleosides are related by a right-handed screw, as in 
all other helical polynucleotide structures. We find that it is 
possible to construct a stereochemically acceptable mode! with 
seven TpdA molecules per turn of the helix, and which also gives 
a calculated Fourier transform which is in reasonably good 
agreement with the observed diffraction pattern (Fig. 2). A 
similar sixfold model does not give good agreement with 
observation. 

The thymine of one TpdA molecule is hydrogen bonded to, 
and coplanar with, the adenine base of the next. This is only 
possible if one TpdA molecule is related to the next by a left- 
handed screw. The model is thus a left-handed helix, although 
within the dinucleoside phosphate unit, the nucleosides are 
related as in a right-handed helix. To use protein structure 
terminology, the secondary structure is right handed but the 
quaternary structure is left handed. Adenine and thymine are 





Fig. 1 X-ray diffraction patterns from TpdA specimens at ~ ‘60% relative humidity. Diffraction photographs were taken on a North 
American Phillips microcamera, using a Hilger and Watts semimicrofocus X-ray generator. a, Specimen approximately perpendicular to 
X-ray beam; 4, specimen tilted through 12°; c, specimen tilted through 24°, 
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Fig. 2 The cylindrically averaged molecular Fourier transform of 


the sevenfold TpdA model. The smooth curves indicate the 
calculated transform. Bragg reflection positions are indicated by 
vertical bars and the continuous intensity is represented by blocks. 
Modified atomic scattering factors*, to allow for water in the 
structure, were used in the Fourier transform calculations. 


linked to each other by Hoogsteen’ hydrogen bonds, and both 


-< adenine and thymine bases are in the anti conformation about 


the glycosyl bonds. The interaction between bases is thus similar 
to that between chains 2 and 3 in poly(dT)~poly(dA)-poly(dT) 
(ref. 4). The adenine-thymine. bases are tilted about 9° from 
perpendicular to the helix axis so that the distance between 
adjacent adenine-thymine bases is less than the rise per residue. 
The glycosyl torsion angle O(1’)}~C(1)—-N(@)-—C(4) is 176° for the 
adenine base and the angle O(1’)—C(1’)-N( }-C(2) is 220° for the 
thymine. 

Both furanose rings have C3’ endo puckers, so the conforma- 
tion is similar to that in A-DNA and double-helical RNA. 
Sugar rings with other kinds of pucker did not give such satis- 
factory models. The conformation of the C5’-O5’ bond about 
the C4’—-C5’ bond in the link between the nucleosides is in the 
gauche-trans region. Although this is not the preferred con- 
formation for this bond, similar conformations have been 


Fig. 3 Projections of one TpdA molecule together with the adenine 

base of the next molecule above and the thymine base of the 

next molecule below. a, View perpendicular to the helix axis; 
b, view along the helix axis. 


observed in some nucleotides*-’. A gauche-gauche conformation 
about the C(4’}-C(5’) bond consistently gave rise to an unaccept- 
ably short contact. Two views of the model are shown in Fig. 3, 
and a sketch of the model is shown in Fig. 4. There is a large 
degree of overlap between adenine bases but very little between 


> 
A- T 
Fig. 4 Schematic representation Pa 
of the model. 
A^- T 
L i 


the thymine bases. The structure is polar and the fact that the 
diffraction patterns have discrete reflections only in the inner 
region of the equator indicates that the ‘up’ and ‘down’ arrange- 
ment of helices in the specimens is random. 
We thank Mr Ron Damaschka for computational assistance. 
H. R. WILSON 
JENAN AL-MUKHTAR 
Carnegie Laboratory of Physics, 
University of Dundee, 
Dundee DDI 4HN, UK 
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Energy expenditure in children 


Ir was with interest that we read the 
paper by Griffiths and Payne’, in which 
they presented interesting data and then 
discussed the possible relevance of 
environmental and genetic factors on the 
level and nature of the energy balance 
obtained with the two groups of children. 

It is interesting to note that on express- 
ing the mean expenditure and intake data 
for both groups as a ratio x 100, precisely 
the same figure ensues 


Energy expenditure 
Energy intake 


Non-obese Obese 
1,508 1,174 
1,433 x 100 = L115 x 100 = 
105.23 105.29 


Is it not possible therefore, that few 
overall metabolic differences exist between 
the 5-yr-old children of these two groups 
of parents, which by implication, suggests 
the predominance of environmental factors 
on these results ? 

It is surprising that the O group 
children were found to have lower daily 
energy intakes than their controls (N 
group). Therefore it would seem likely 
that parental pride during the nutritional 
survey may have had a marked influence. 

We are also a little concerned that no 
comment was made about the data which 
showed that both groups of children were 
in negative energy balance, which for 
5 yr olds would seem to be unlikely. From 
our experience SAMI measurements can 
be misleadingly high unless very precise 
and immobile electrical contacts are made, 
and thus background noise is eliminated. 


B. G. MILLER 
W. R. OTTO 


Department of Physiology 
and Biochemistry, 

University of Southampton, 

Southampton SO9 3TU, UK 


1 Griffiths, M., and Payne, P. R., Nature, 260, 698-7 
(1976). a . 


GRIFFITHS AND PAYNE ReEpPLY—In our 
view the most important findings in our 


study were the differences in total daily 
energy metabolism, and of resting meta- 
bolic rate between the two groups of 
children. 

We agree that the measurements of 
daily expenditure by the SAMI technique 
are inherently less reliable than are those 
of food energy intake, and have offered 
them as supporting evidence. That is to 
say, unlike Miller and Otto', we regard 
the equal ratios of expenditure to intake 
as contributing positively to the evidence 
for different amounts of energy meta- 
bolised daily by the two groups. 

Because the differences between the 
estimations of expenditure and intake 
(energy balance) are small in relation to 
the errors inherent in the two measure- 
ments, the energy balances do not 
statistically differ significantly from zero. 
We are not therefore inclined to attach 
any biological significance to the fact 
that they happen, on average, to be 
negative in both groups. 

It is of course possible that one aspect 
of the behavioural differences between 
obese and normal people is that the 
former tend to ‘cheat’ when attempts are 
made to measure habitual intake, either 
their own or their children’s. We can 
only repeat that: the O group children 
were not themselves measurably over- 
weight so there was no obvious reason 
for the parents to take pride in suggesting 
that they eat sparingly, the degree of 
cooperation and the level of communi- 
cation with the subjects about the 
objectives of the study were of necessity, 
very high, the admittedly less reliable 
estimates of expenditure closely parallel 
those of intakes, and show the same 
magnitude of difference between the 
groups. 


London School of Hygiene 
and Tropical Medicine 


1 Miller, B. G., and Otto, W. R., Nature, 263, 173 
(1976), 


Benzodiazepines and GABA 


BASED on a few experiments on Deiters’ 
neurones and cerebellar Purkinje cells, 
Steiner and Felix’ concluded that ben- 
zodiazepines antagonise the inhibitory 
effect of GABA. To understand the 
mode of action of centrally acting 
agents, the evidence available from 
various pharmacological experiments 


must be considered and the manifold 
pitfalls inherent in the single-cell re- 
cording and microelectrophoretic tech- 
niques taken into account. The 
conclusion of Steiner and Felix’ is in 
contrast to the well decumented facts 
that benzodiazepines: (1) are the most 
potent antagonists of convulsions in- 
duced by picrotoxin and bicuculline*™ 
(generally accepted to block GABA 
receptors); (2) enhance presynaptic inm- 
hibition in the spinal cord and in the 
cuneate nucleus’’*®; (3) enhance post- 
synaptic inhibition in the cuneate 
nucleus? and in the substantia nigra‘ 
and (4) are mutual antagonists of 
GABA receptor blockers at inhibitory 
synaptic processes believed to be 
mediated by GABA, We think that 
the conclusion of Steiner and Felix’ is 
based on the erroneous interpretation 
of experimental conditions that were 
inadequate for the specific problem. 

In their experiments on vestibular 
neurones, they made the implicit as- 
sumption that the pulses applied to the 
cerebellar white substance (in their Fig. 
1 either the time calibration is wrong 
or the rate of stimulation is not that 
indicated in the legend) released the 
same amount of GABA within the 
Deiters’ nucleus before and after 
diazepam. This crucial premise is prob- 
ably not correct for the following 
reasons. The stimulating electrode 
excites Purkinje cell axons directly and, 
in addition, evokes an unknown num- 
ber of synaptically evoked discharges 
of Purkinje cells through the inevitable 
stimulation of cerebellar afferents. The 
number of the latter discharges depends 
on the balance between mono- and 
disynaptic excitation and the inhibitory 
influence on Purkinje cells. If diaze- 
pam, as we assume, enhances GABA- 
mediated synaptic inhibition also in the 
cerebellar cortex, it should reduce the 
number of Purkinje cell discharges 
evoked synaptically by the stimulus 
train, and thus, produce an apparent 
reduction of the inhibitory effect on 
Deiters’ neurones, which was inter- 
preted by Steiner and Felix’ as an anta- 
gonism of the effect of GABA released 
within the vestibular nucieus. The 
apparent reduction by diazepam of the 
inhibitory effect of iontophoretically 
applied GABA may be explained in the 
same way. In the pre-drug period, the 
depression of Deiters’ neurones is 
achieved by the fixed amount of 
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exogenous GABA which adds to the 
endogenous GABA that is released by 
the continuous activity of Purkinje 
cells. After diazepam, the spontaneous 
firing rate of Purkinje cells is markedly 
reduced**. This must result in disinhi- 
bition of Deiters’ neurones and in the 
reduction of the total amount of 
GABA (exogenous plus endogenous) 
acting on them. The validity of our 
reasoning could easily be checked ex- 
perimentally. 

Any interpretation of the results of 
Steiner and Felix’ on cerebellar 
Purkinje cells must remain highly 
speculative when taking into considera- 
tion that four of the five types of 
cerebellar cortical neurones are be- 
lieved to be GABA-ergic and that the 
activity of the Purkinje cell is itself 
inhibited by GABA-ergic inter- 
neurones. In the experiments of Steiner 
and Felix’ the benzodiazepines did not 
seem to depress the firing rate of 
Purkinje cell, whereas in our own ex- 
periments’ several representatives of 
this class of compounds regularly and 
markedly reduced the spontaneous dis- 
charges and strongly antagonised the 
opposite effect of bicuculline. We 
should also like to emphasise that the 
experiments of Steiner and Felix' were 
performed on anaesthetised animals 
and a multitude of interactions between 
anaesthetics and benzodiazepines have 
been described. 

In conclusion, it seems that the find- 
ings of Steiner and Felix’ do not fail 
to support a facilitating effect of ben- 
zodiazepines on GABA-mediated trans- 
mission’ but rather that they are easily 
explained by such a mode of action. 


W. HAEFELY 
L. PIERI 
P. Porc 
R. SCHAFFNER 


Pharmaceutical Research Division, 
F. Hoffmann-LaRoche & Co. Ltd, 
Basle, Switzerland 
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et al., in Mechanisms of Action of 


STEINER AND FELIX RerLy—The hypo- 
thesis advanced by Haefely eż alt that 
benzodiazepines facilitate GABA-res- 
ponsive neurotransmission is based on 
the premise that GABA is the proven 
mediator of inhibition at presynaptic 
sites (this is still controversial, see refs 
2 and 3) as well as on the demonstration 

















Matters arising 


Matters Arising is meant as a 
vehicle for comment and discussion 


about papers that appear in 
Nature. The originator of a 
Matters Arising contribution 


should initially send his manuscript 
to the author of the original paper 
and both parties should, wherever 
possible, agree on what is to be 
submitted. Neither contribution 
nor reply (if one is necessary) 
should be longer than 300 words 
and the briefest of replies, to the 
effect that a point is taken, should 
be considered. 






that the action of the presumptive 


GABA antagonists bicuculline and 
picrotexin is reduced by this class of 
psychotropic drugs. Haefely et al.' are 
justified in pointing out that the mode 
of action of centrally acting drugs is 
bound to be complex and that more 
than one level of interaction ought to 
be considered. They fail to mention, 
however, that so far, there is no direct 
experimental support for their conten- 
tion at any level of organisation tested: 
Neither their own work, nor that of 
others cited in support of their view, 
has directly tested GABA-mediated 
transmission, and thus all their experi- 
mental evidence is circumstantial. It 
was precisely for this reason that we 
chose to test their hypothesis at the 
level cf identified Purkinje cells and 
Deiters’ neurones‘. At both these sites, 
there is incontrovertible evidence for 
GABA-mediated inhibition, the extent 
of which can readily be followed by 
standard _electrophysiological tech- 
niques. In this anatomically and func- 
tionally well defined system, our results 
indicated that benzodiazepines inhibit 
GABA-responsive transmission’. We 
remain convinced that our technique is 
adequate to study the problem, and 
welcome this opportunity to answer 
questions raised by Haefely et al.’ about 
our approach. 

For the orthodromic activation of 
Deiters’ neurones by stimulation of 
Purkinje cell axons, we deliberately 
chose supramaximal parameters (trains 
of three pulses of 250 us duration at 
500 -us intervals and an intensity of 
0.8mA). Although we do not refute 
the view expressed’ that this type of 
stimulations is likely to have repercus- 
sions on the cerebellar cortex as well 
as on nerve endings at the level of the 
Deiters’ nucleus, we believe that, as in 
other biological systems, orthodromic- 
ally stimulated transmitter release is 
a direct function of the stimulus 
applied (and therefore, in our case, 
a constant); we cannot accept their 
view that the amount of GABA 
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released in our experimental conditions 
is modified, in any important respect, 
by way of the soma of the Purkinje 
cells itself. With respect to the metho- 
dology used, we concede that in any 
study using microelectrophoresis, the 
quantity of exogenous neurotransmitter 
administered, albeit small in absolute 
terms, is likely to be in the pharmaco- 
logical range. Changes in endogenous 
GABA release would therefore seem 
negligible compared with the amount 
of exogenous GABA administered. 
Haefely et al." argue that a drop in 
endogenous GABA release by Purkinje 
cells (which, in keeping with their hy- 
pothesis, they ascribe to a facilitation 
of GABA-mediated inhibition by 
benzodiazepines at this site) could 
“easily” be distinguished from the fixed 
amount of exogenous GABA applied: 
in our view, this would require the 
direct monitoring of GABA release at 
Purkinje cell terminals on Deiters’ 
neurones and could not reliably be de- 
duced from the rate of cell firing alone 
(to our knowledge, such microtech- 
niques are presently beyond our reach). 

If Haefely er al. were correct in their 
assumption that benzodiazepines facili- 
tate GABA-mediated inhibition at the 
Purkinje cell (and so reduce their 
GABA release), they would also have 
to concede a similar synergism at the 
GABA-responsive synapses impinging 
on the Deiters’ neurones themselves; if 
their argument is taken to its logical 
conclusion, one would have to postulate 
that reduced GABA release at this 
site is counteracted, and possibly can- 
celled out, by an increase in its bio- 
logical effect. This assumption, how- 
ever is not borne out by our findings. 
Likewise, we consider the absence of 
benzodiazepine effects on the sponta- 
neous rate of discharge of Purkinje 
cells as further evidence that our find- 
ings are not secondary to changes in 
the extent of excitation of the cerebel- 
lar cortex or the use of anaesthetised 
animals but are a reflection of drug 
interaction occurring at the site of 
study itself. 

Our results, as well as those of 
Gihwiler’, obtained in simple well 
defined systems, indicate a functional 
antagonism between GABA and ben- 
zodiazepines. They do not confirm the 
notion of a synergism inferred from 
indirect observations on more complex 
structures. 


Institute for Brain Research, 
University of Zurich, 
8029 Zurich, Switzerland 
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Marking time 


Radiocarbon : Calibration and Prehis- 
tory. Edited by Trevor Watkins. Pp. 
vi+ 147. (Edinburgh University : Edin- 
burgh, January 1976.) £3.50. 








THE tree-ring calibration of radiocar- 
bon dating has had a number of 
striking archaeological consequences, 
bringing the historical and radiocarbon 
calendars for the ancient civilisations 
of the Old World into closer agreement 
and pushing the date of some cultures 
and monuments back much earlier 
than had been realised. 

The intention of the symposium 
from which this volume springs was 
to “allow discussion of the subject of 
correction before a lay audience in 
terms which they could understand”. 
Most of the contributions succeed well 
in this modest task. Richard Burleigh, 
for instance, advocates preliminary 
calibration for many purposes, while 
pointing out that for other purposes 
uncalibrated dates can often legitima- 
tely be compared. This view, however, 
is somewhat over-simplified by the 
editor: “it is too early to use the curves 
at present being bandied around as 
calibration curves for radiocarbon 
dates”. Unfortunately the volume went 
to press before the publication by 
R. M. Clark of the most statistically 
sound and reliable of these (Antiquity, 
49, 252-272, 1975), 

The volume as a whole betrays a 
similar lack of balance. Alongside 
useful reviews. of European dendro- 
chronology by Fletcher and of the 
problem of irregularities (‘kinks’) by 
Ottaway and Ottaway, is a substantial 
disquisition by McKerrell (53 pages 
long, more than a third of the total) 
arguing the very special case that the 
existing calibration curves are reason- 
ably sound except for the period be- 
tween 2,500 8c and 1,500 Bc (in calen- 
dar years). 

This view is based on the assess- 
ment of radiocarbon and historical 
dates (the later derived from the Egyp- 
tian calendar) for Egypt, the Near 
East and the Aegean. Unfortunately 
the archaeology for the Agean is dis- 
tinctly shaky (p61) and the treatment 
of the central European material 
(Veterov, Madarovce, and so on: p68) 
might have been more convincing at 


the hand of a professional archaeo- 
logist. 


It is surprising that a scientific 
worker should propose, in the proceed- 
ings of a conference designed for lay- 
men, a theory with major geophysical 
implications which might better first 
be offered to the critical scrutiny of 
his physicist colleagues. Moreover, 
when the theory that calibrated dates 
in general are sound (with the specific 
exception of a single millennium), has 
global implications, would it not be 
wise to consider the broader conse- 
quences outside of Europe? 

What begins as a useful introductory 
handbook rapidly becomes a specialised 


Textbook of ichnology 


The Study of Trace Fossils: A Synthesis 
of Principles, Problems and Procedures 
in Ichnology. Edited by Robert W. 
Frey. Pp. xiv+562. (Springer: Berlin 
and New York, 1975.) DM 141.70; 
$58.10. 


Many sedimentary rocks contain 
fossilised branching structures that a 
hundred years ago were mistakenly 
identified as seaweeds and called 
‘fucoids’. In the 1880's these were 
shown to be the tracks of animals, and 
in most parts of the world their study 
lapsed. But in Germany this was not 
at all the case. In 1925 Rudolf Richter 
founded a new school of Akutuopald- 
ontologie in which the traces of 
animals played a vital part in the 
determination of environment. These 
early studies led to the establishment 
of a new and exciting discipline in 
which palaeontologists were able to 
postulate behavioural parameters. In 
this way ‘palaeoethology’ came to join 
‘palaeoecology’ as a branch of ‘geo- 
biology’. In these studies the Germans 
remained far in advance of the rest of 
the world for over thirty years; and, 
indeed, it can still be said that they 
lead the field, with Professor Adolf 
Seilacher of Tübingen (who contributes 
a foreword to this book) as the 
acknowledged dean. 

But at least nowadays the supremacy 
of our German colleagues in this field 
has been challenged. The discipline of 
palaeontology bas much changed from 
the time when it was dominated by 
morphology and taxonomy. Its boun- 
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and highly controversial critique of 
calibration, an argument å thèse rather 
than a clarification, on which the com- 
ments of competent radiocarbon 
specialists might have been invited, 
The editor could usefully have asked 
himself whether he wanted ‘his book 
to be a searching professional critique: 
of calibration, or a lucid, non-technical 
exposition. There is still a need for 


ee 


both. E 
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daries have extended, and in 1970 
Crimes and Harper edited a remark- 
ably successful symposium on trace 
fossils which reported the proceedings 
of an international symposium held in. 
Liverpool, This was followed in. 1971 
by a field-guide to trace fossils pro- 
duced by Louisiana State University. 
It has now been realised all over the 
world that ichnology plays a quite if- 
dispensable role in field studies aimed 
at interpreting past environments. 

The present volume is the only text- 
book on the subject available in Eng 
lish. It captures well the excitement of 
a subject which to most of the world. 
is still seen as new. The editor has kept 
his contributors well disciplined, so that 
in spite of the fact that it combines _ 
the work of no fewer than 28 authors, — 
it retains an admirable cohesiveness: as 
well as being comprehensive. For ex- 
ample, it includes chapters on both: 
plant traces and vertebrate trails (both 
by William Sarijeant), and concludes” 
with a fascinating section describing 
two new developments in ichnology-— 
one on experimental methods (By 
Christopher Elders} and the other 
describing George Farrows brilliant 
techniques for the study of the traces 
of living animals in present day. 
sediments. 

This book will certainly be regarded 
as an indispensable teaching aid in alt 
future courses dealing with ichnology 

alaeoethology. and the editor. 
‘rey, is to be congratulated on 
the clarity of exposition he has been 
able to command as well as the logic he 
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has imparted to the work as a whole. 
It is all the more to be regretted that 
the publishers, in spite of their repu- 
tation and their experience, have 
allowed the most appalling errors to 
appear in the printing of the illustra- 
tions. Five of the tables in the book 
have had all data in them omitted in 
printing. In a tardy attempt at correct- 
ing this error, the publishers have 
issued with the later copies offered for 
sale an eight-page ‘errata sheet’, but 
with incredible incompetence these 
have been printed in a way that makes 
it impossible to substitute them for the 
faulty pages, as each has been backed 
on to another, with p472 backing, for 
example, p516. It can only be hoped 
that a new printing can put such a 
stupid blunder right. 

P. C. Sylvester-Bradley 





P. C. Sylvester-Bradley is F. W. 
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University of Leicester, UK. 





Reaction kinetics 


The Organic Chemistry of Electrolyte 
Solutions. {Interscience Monographs 
on Organic Chemistry.) By John E. 
Gordon. Pp. xxi+554. (Wiley-Inter- 
science: New York and London, 
December 1975.) £15.35. 


The Electrolyte Chemistry of Organic 
Solutions? No, that will not do either; 
the title is strange and ill-chosen. 

The book’s aim, according to the 
author, is to provide the organic 
chemist with everything he needs to 
kncw about electrolyte solutions, to 
treat all important solution chemistry 
measurements in one of its three chap- 
ters, while avoiding treating in detail 
aspects accessible through books such 
as Robinson and Stokes, and Harned 
and Owen; and therefore to graft on 
to the traditional physicochemical 
framework more ‘chemical’ informa- 
tion lacking in the great books from 
non-traditional sources such as vibra- 
tional and nuclear magnetic resonance 
spectroscopy. In less pretentious phra- 
seology, to up-date the standard texts 
by including the important advances 
over the past 20 years made through 
the application of spectroscopic tech- 
niques. This is not the first attempt to 
do so in spite of the fly-leaf’s claim, 
nor does the book seem to have been 
produced any quicker than a multi- 
authored volume, as the Series Editor 
claims, for the literature coverage is 
complete only to mid-1973 and cuts off 
in August 1974; and the book was not 
published until the end of 1975. 

The three chapters referred to 
above are called Salt Effects, Ion Sol- 
vation and Ion Association, which are 
not mutually exclusive categories, as 


the author realises. Each chapter con- 
cludes with a lengthy section discus- 
sing applications to kinetic studies, 
thus revealing the true interest of the 
author and his intentions. Has he suc- 
ceeded? To a very large measure, he 
has. The book is no paste and scissors 
concoction, but scholarly and nearly 
always sound in approach and explana- 
tion if not in balance and selection of 
material. For, in discussion of theo- 
retical conductance equations, only 
the earlier work of Fuoss is discussed, 
neglecting his later contributions and 
those of Prue, Pitts and Justice 
amongst others. Similarly the discus- 
sion of pH, under the heading of 
‘Single ion activity coefficients’, returns 
unnecessarily to the 1920s treatment: 
and the widely adopted important NBS 
method is described as “based on yet 
another convention”. Order of intro- 
duction of new concepts could have 
been better conceived. Terms which 
will surely puzzle the uninitiated when 
they first appear often receive more 
detailed explanation many pages later. 
The book is well illustrated with 
figures and diagrams drawn from the 
literature but not always too well 
associated with textual explanation. 
Nevertheless, physical organic chemists 
and others should find much of value 
in this book as a source book to the 
extensive literature on electrolyte solu- 
tions. It should help to continue to 
advance the interpretation of reaction 
kinetics in organic solvents, a subject 
which has progressed a long way since 
ion-pairs and solvated ions were first 
invoked to explain kinetic data when 
mechanistic explanation was otherwise 
at a low ebb. A. K. Covington 


A. K. Covington is Reader in Physical 
Chemistry, University of Newcastle upon 
Tyne, UK. 


Cell split 


Cell Division in Higher Plants. (Experi- 
mental Botany: An International 
Series of Monographs, Vol. 7.) Edited 
by M. M. Yeoman. Pp. x+542. 
(Academic: London and New York, 
April 1976.) £16.50; $41. 


KNOWLEDGE of the cell division process 
and its control in plants has developed 
rapidly in recent years from observa- 
tions made in a diversity of research 
fields. Dr Yeoman’s concept behind 
this volume was clearly that this scat- 
tered material had to be brought to- 
gether and presented in a developing 
sequence so that this recent progress 
could be fully appreciated and the as 
yet outstanding problems . critically 
identified. The Botany Department at 
the University of Edinburgh has been 
one of the main centres of current 
research on cell division in plants, and 
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members of this department have ob- 
viously played a critical role, under Dr 
Yeoman’s astute editorship, in the 
realisation of this volume. Professor R. 
Brown, in an introductory chapter, 
identifies the problems posed by the 
organised cell divisions in plant meri- 
stems and develops, in a thought- 
provoking way, models which will 
clearly guide future research. A group 
of chapters then deal with the process 
of cell division both in somatic and 
reproductive cells. A. F. Dyer contri- 
butes two chapters on mitosis which 
deal in a most lucid way with mitotic 
cycles and the origin and consequences 
of mitotic modifications and errors. A 
parallel chapter by M. D. Bennett 
(Plant Breeding Institute, Cambridge) 
deals with meiosis. M. M. Yeoman and 
P. A. Aitchison summarise our present 
very limited knowledge of the mole-. 
cular events of the cell cycle, and 
Rachel M. Leech (York) our similarly 
very imperfect understanding of plastid 
replication. 

The second major section of the 
book considers cell division in relation 
to the generation of form. The very 
intensive studies on the root apex are 
surveyed by F. A. L. Clowes (Oxford). 
This is followed by chapters on the 
shoot apex (R. F. Lyndon), leaves 
(J. E. Dale) and cambium (I. D. J. 
Phillips, Exeter). W. A. Jensen (Berke- 
ley, California) contributes a disap- 
pointing short chapter on cell division 
in embryo development. This section 
of the book is completed by an in- 
teresting survey of unorganised cell 
division and morphogenesis in tissue 
and cell cultures by A. W. Davidson, 
P. A. Aitchison and M. M. Yeoman. 

A final section headed Summary and 
Perspectives and written by Dr Yeo- 
man suffers from its extreme brevity 
(4 pages) so that it is litthe more than 
a list of central themes and a signpost- 
ing to the various fields of research 
(covered in the preceding chapters) 
which are contributing to these themes. 
Some critical discussion of perspec- 
tives would have been of real value 
here. 

Setting aside these minor blemishes 
the volume is timely, well conceived, 
and scholarly written. It fills a real 
gap in botanical literature. In general 
the chapters are uniform and appro- 
priate in standard so that they will be 
of value to established scientists look- 
ing for a well documented survey but 
equally appropriate for advanced 


-undergraduate reading. The authors 


and press are to be congratulated on 
the excellent plates and informative 
line diagrams many of which have been 
specially prepared for the volume. 

H. E. Street 


H. E. Street is Professor of Botany at 
the University of Leicester, UK. 
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Energy past and energy present 


Man, Energy, Society. By Earl Cook. 
Pp, xi+478. (Freeman: San Francisco 
and Reading, May 1976.) Cloth £10.40; 
paper £4.50, 





Tue availability of energy is clearly 
a key element in the history of civilisa- 
tions, the size, form and behaviour of 
societies and the choices open to them. 


Following in the steps of Fred 
Cottrell’s remarkable Energy and 
Society (1955), the geologist and 


geographer Earl Cook here re-explores 
this fascinating set of connections. The 
result is a valuable, broad introduction 
to ‘energy’ in a historical, social, 
geographical and economic setting. 
The sweep is immense, ranging from 
the emergence of agriculture to future 
energy alternatives of varying socio- 
political stability. The approach is 
often refreshingly catholic: thus, a 
major section on the global distribution 
of energy resources starts with arable 
and pasture land; food (and its getting) 
commands as much attention as the 
major fossil fuels; the ethics of re- 
source depletion and the sociology of 
control of energy use are discussed as 
thoroughly as the usual technical and 
economic topics. One consequence is 
to make the book a valuable source 
of inaccessible statistics and data, such 
as the efficiency of early machines; 
the total system energetics of trans- 


port, food production, mining and 
other industrial activities; and the 
rising energy and other costs of 


winning lower grade mineral and fuel 
resources. 

Although useful up to a point, any 
uni-dimensional view of the world can 
all too easily be taken too far into 
empty truisms and gross overstate- 
ment. Cook all too often falls into 
these traps, walking dangerously close 
to a pure ‘energy theory of value’. 
Statements such as “a doubling of living 
level requires approximately a doubling 
of available energy’ (p190); that if 
energy uSe per capita is not increasing 
then economic development is reversing 
(p218); and that the gap between 
developed and underdeveloped regions 
in per capita energy use is widening 
(p18), underpin many of the book’s 
theses, yet are demonstrably false. Nor 
is it exactly helpful, in the absence of 
any sustained discussion of overt 
political factors in the control of 
energy or of society, to come across 
remarks such as “high energy man 
seeks diversion in sports, business, 
drugs, sex, rioting, and crime” (p221), 
or that the Crusades could not have 
happened without the mobilisation of 
energy surpluses in Northern Europe 
“reflected in horses, armour and men” 


(p195). Yet read with a wary eye and a 
few pinches of salt, this is nevertheless 
a valuable book as both a thought- 
provoker and source of information. 


Energy Resources and Supply. By 
J. T. McMullan, R. Morgan and R. B. 
Murray. Pp. xii+508. (Wiley- 
Interscience: London and New York, 
March 1976.) £12.50; $27.50. 


Few of the ‘broad survey’ books on 
energy that are now flooding the mar- 
ket focus with such admirable clarity, 
thoroughness and wide scope as does 
this on the hard-nosed physics and 
engineering of the subject. Aimed at 
university courses and the more 
numerate specialists, the emphasis is 
predominantly on techniques and their 
physicochemical basis—in many ways 
a refreshing change that helps fill an 
important gap. There is also a strong 
bias towards the ‘mainstream’ supply 
and conversion technologies, with 
about half the book devoted to 
resources, extraction, processing and 
characteristics of the fossil fuels and 
the nuclear fuel cycle, both fission 
and fusion. Opening chapters survey 
the energetics of the biosphere- 
atmosphere system and photosynthesis, 
whereas there are relatively sketchy 
chapters on solar energy, other renew- 
able sources, storage, energy-in-use 
and (with proper enthusiasm) the 
heat pump. 
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The coverage and density of infor- 
mation is impressive. Yet there are 
curious gaps. For example, there is 
much about peat as a large ‘fossil 
resource but nothing about the vast 
annually renewed fuel sources in 
(tropical) estuarine biomass; in a long 
section on nuclear reactors there is 
the scantiest reference to comparative 
efficiencies of fuel use; the account 
of solar collectors bristles with algebra 
but there is hardly a word about 
overall system design or integration of 
solar with other ideas (including 
storage and heat pumps), the keys to 
success in this area. More seriously, 
there is such a determined avoidance 
of almost everything but physics and 
engineering that the real world some- 
times seems light years away. There 
is almost no mention even of costs, 
and the broader economic and social 
aspects of energy are confined to a 
single chapter of six pages. The total 
misunderstanding of the energy 
situation, needs and constraints of the 
undeveloped world, revealed in the 
final pages, is no less than appalling in 
a book which in many ways deserves 
to become a basic text. for under- 
graduate and graduate students in the 
physical, engineering and environ- 
mental sciences. Gerald Leach 


Gerald Leach is a Senior Fellow of the. 
International Institute for Environ- 
ment and Development, heading a 
program on alternative energy strateg- 
ies for both the industrialised and less 
developed world. 








Plant ecophysiology 


Physiological Plant Ecology. By W. 
Larcher. Translated by M. A. 
Biederman-Thorson. Pp. xiv+252. 
(Springer: Berlin and New York, 
1975.) DM 46; $18.90. 


In revising and translating into English 
the original German text Okologie der 
Pflanzen, the opportunity has been 
taken to adopt a more accurate title, 
which is supported in the Preface by 
an adequate description of the subject 
matter and aims of the book. Ecologists 
urgently seeking physiological informa- 
tion relevant to field situations for 
teaching and research purposes, in- 
variably have to search a voluminous 
literature. Professor Larcher is to be 
congratulated on making this task so 
much lighter, by producing a concise 
account of many important aspects of 
plant ecophysiology. 

Inevitably, the topics covered reflect 
the authors’s own research interests 
and the limitations of space and cost. 
The approach adopted of portraying 
the development of the subject in the 
choice of illustrations and tables is ex- 


tremely interesting. Much of the 
material is new and valuable syntheses 
have been made in a number of tables, 
yet in certain sections, especially those 
on nitrogen and mineral elements, the 
treatment is somewhat out-of-date. 
Under the heading ‘“Dry-matter Pro- 
duction’ (p63) the section on growth 
analysis would greatly benefit by addi- 
tional references to recent alternative 
articles and texts. There are very few 
obvious errors in the text: (cf p000) 
should be (cf p134) on p54 and (cf 


p000) following Id=direct solar radia- 


tion (p191) should be omitted from this 
revised translation. I would prefer to 
see Leguminosae used on pp94, 101, 
115 and 119 instead of Fabaceae. 

The book is a valuable source of 
reference to articles normally hidden 
away in the German literature and it is 
to be regretted that the current rates of 
exchange will put it beyond the pockets 
of most undergraduates. 

K. Taylor 


Dr Taylor is a lecturer in the a 





University College, London, UK j 
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PATROONS 


obituary 





Jerome Vinograd was born February 9, 
1913 in Milwaukee, Wisconsin, and 
died July 3, 1976. After undergraduate 
work at the University of Minnesota, 
he studied colloid chemistry with H. 
Freundlich from 1931 to 1935, first in 
Berlin then in London. He com- 
pleted his doctoral work with J. W. 
McBain at Stanford from 1937 to 1939 
and was associated with the Shell 
Development Co. from 1941 to 1951 
where he worked mainly on problems 
of surface films and colloids. At that 
time, he gave up a secure industrial 
career and came to the California 
Institute of Technology because of his 
intense desire to work in the exciting 
new area of molecular biology. His 
early work at Caltech dealt mainly with 
the physical chemistry of proteins. 

His first outstanding contribution to 
molecular biology was the invention, 
in collaboration with Meselson and 
Stahl, of the method of equilibrium 
density gradient centrifugation of 
nucleic acids in caesium chloride solu- 
tions. This method has been elaborated 
in Vinograd’s and other laboratories 
to take advantage of the effects on 
buoyant density of base composition, 
denaturation, alkaline titration, binding 
of metal ions and of dyes, and hydra- 
tion. All told, equilibrium buoyant 
banding has been one of the key tech- 
niques in the explosive development of 
the nucleic acid side of molecular 
biology since the mid 1950s. 

Vinograd’s outstanding work in the 
past 12 years has been in the study of 
closed circular DNA. The distinction 
between supercoiled closed circles and 
open circles was recognised in 1965. 
The ethidium bromide method of 
buoyant banding for the isolation of 
closed circular DNA was invented in 
1967. This method, which makes it 
possible to analyse for and to isolate 
closed circular DNA in the presence of 
massive quantities of linear and open 
circular DNA, is widely used, and is one 
of the main reasons why there has been 
such exciting progress in the study of 


closed circular DNAs in different kinds 
of cells. 

Later work dealt with the properties 
of mitochondrial DNA from malignant 
cells and with the study of the 
replication of mitochondrial DNA, 
initiated by the discovery of D-loops in 
Vinograd’s laboratory. More recently his 
students have made several important 
contributions to the studies of the 
properties of the nicking and closing 
enzyme which relaxes supercoiled DNA 
while leaving it covalently closed. The 
Vinograd group as well as the groups 
of Keller at Cold Spring Harbor and 
Wang at Berkeley observed that one 
can use gel electrophoresis and relaxa- 
tion by an enzyme to count the number 
of turns in a closed circular DNA, and 
that there is a Boltzmann distribution 
in the number of superturns in mole- 
cules which are closed, under equi- 
librium conditions. 

Vinograd was, by early training and 
in his approach to molecular biology, a 
physical chemist. He had a flair for 
recognising when an anomalous and 
unexplained observation, if subjected 
to fundamental physical chemical 
analysis, would lead to an unexpected 
and important result in molecular 
biology. 

I have seen the special Vinograd 
touch many times. A simple example 
is the development of the velocity band 
centrifugation method by Vinograd, 
Bruner, Kent and Weigle in 1963. 
Shortley before, Jean Weigle had dis- 
covered that he could layer a dilute 
solution of viruses in aqueous buffer on 
to a sucrose solution (not a gradient) 
in a centrifuge tube, centrifuge and get 
a good sharp virus band. Vinograd was 
puzzled as to why the band was sharp, 
and reasoned that there must be some 
effect providing convective stability. He 
recognised that there had to be a self- 
generating (by diffusion) density 
gradient to provide convective stability; 
a careful study then led to the de- 
velopment of this general and widely 
used method. 


I remember vividly a seminar at 
Caltech in late 1966 or early 1967 when 
J. B. LePecq described his studies on 
the binding of ethidium bromide (Etd 
Br) to DNA. An important point was 
that, unlike the common acridine dyes, 
there was a reasonable amount of bind- 
ing at high salt concentration. Vino- 
grad pointed out at the discussion which 
immediately followed that if the dye 
ion bound in 6 M CsCl it would cause a 
large shift in the buoyant density of the 
DNA because it would displace a Cs* 
ion. Experiments by W. R. Bauer (then 
a graduate student) showed that Etd Br 
would indeed decrease the buoyant 
density of DNA, but that the shift was 
much larger for a relaxed than for a 
closed circular DNA. On learning of 
this result, Vinograd immediately per- 
ceived the correct explanation in terms 
of the topological constraint on the un- 
winding of closed circular DNA, thus 
leading to the development of an ex- 
tremely useful method for isolating 
closed circular DNA, as well as for 
studying the free energy supercoiling. 

He suffered a major heart attack in 
1954 and a second one in 1969. He 
accepted the resulting restrictions on 
his overall activities philosophically. 
But his condition did not affect the 
intensity with which he devoted him- 
self to his scientific work. I remember 
him through all these years being in the 
laboratory regularly on evenings and 
weekends discussing and analysing 
experimental data in painstaking detail 
with his students, seeking a funda- 
mental explanation for unexpected and 
unexplained results. His students and 
colleagues will miss his penetrating in- 
sight into technical problems and his 
wise counsel on general policy issues. 

Vinograd was made a member of the 
National Academy of Sciences in 1968, 
and received numerous awards. He is 
survived by his wife Dorothy, and his 
two daughters Julie and Deborah by a 
previous marriage. 


Norman Davidson 





Person to Person 


The Beilby Medal and Prize will 
be made to a British scientist for 
work in any field related to the 
special interests of Sir George 
Beilby (chemical engineering, fuel 
technology or metallurgy). Apply 
to The Convener of the Adminis- 
trators, Sir George Beilby Mem- 
orial Fund, The Royal Institute of 
Chemistry, 30 Russell Square, 
London, WCIB S5DT,. 


The Commission of the European 
Communities is sponsoring travel- 
ling Fellowships for obstetricians, 
neonatologists and research work- 
ers who are actively engaged in 
perinatal monitoring. The success- 


ful applicants will spend three 
weeks in a centre for perinatal 
monitoring within the EEC, out- 
side thefr own country. Applica- 
tions to Commission of the 
European Communities, Director- 
ate-General Research, Science and 


Education, X11/C-1, 200, rue de la 
Loi, 1049 Brussels. 
Address and details of. the work 


of Rose Selavy on stellar lightning 
(ref. Brecher, K., Nature, 261, 
$42; 1976) would be appreciated by 
Mr E. W. Crew, 26 St David's 
Drive, Broxbourne, Herts, UK. 
There will be no charge for this service. 
Send items (not more than 60 words) to 
Martin Goldman at the London office. The 
section will include exchanges of accommo- 
dation, personal announcements and scientific 
queries, We reserve the right to decline 
material submitted. No commercial trans- 
actions. 
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Still plenty for the BA to do 


ANOTHER meeting of the British Association for the 
Advancement of Science (BA) comes and goes, and yet 
again the question arises, do we still need the BA, and if 
so, for what- purpose? 

Certainly, the annual meeting is not the only activity 
of the BA. Throughout the year there are study groups, 
science fairs, schools conferences, visits, publications, 
and so on, and it is indisputable that much of value is 
achieved by all this. But a lot of energy goes into the 
annual gathering, at which a good accumulation of 
speakers is assembled. To judge by the size of the 
audience at many of these talks, this effort is simply not 
being repaid by enough public interest to warrant an 
endless annual commitment. Is the fault with the BA and 
its organisers or is it elsewhere? 

It would be easy to blame the BA. “Meet Britain’s 
leading scientists” ran the headline on the poster put 
about locally in Lancaster. Directly beneath it was a 
large picture of the association’s irrepressible and 
telegenic executive secretary, Magnus Pyke. Some of 
 Britain’s leading scientists, 
essential if the BA is to survive, might reasonably wonder 

whether the message should not have read, 
Britain’s best known scientist”. 
-= The media do not help. Armed with copious preprints 
of lectures, correspondents find it all too easy to turn in 
large quantities of uncritical copy of the “said Dr Smith” 
type, which manages at once to convey the impression 
both of a lack of authority and of exaggerated claims. 
‘This conceivably does more harm than good in helping 
the public to a better appreciation of the achievements 
and limitations of science; it conceivably also scares 
away potential friends of the BA among the scientific 
community, 

But it is an easy escape to blame the BA, its slightly 
amateurish image, its press coverage, for a major 
deficiency in us, the scientists. The BA still manages to 
_ persuade a good number to comè and deliver lectures, 
? but with many, no sooner is the lecture delivered than it 


whose contributions are 


“Meet 


is a case of up and away, probably to be back in the 
laboratory as soon as possible. Maybe there are pressing 
engagements elsewhere, but perhaps we have things to 
learn from a diverse audience every bit as interesting as 
they have to learn from us. And, of course, the number 
of practising scientists who go to BA meetings if not 
invited to speak is all too small. As a result, the annual 
gatherings seem to lack the necessary critical mass of 
those actually producing the subject matter. Such a 
cavalier attitude towards specialist conferences would, of 
course, be unthinkable. 

It may be argued that scientists have better things to 
do than spend several days adding to their general 
scientific knowledge. If there was much evidence that 
scientists used other ways of preventing themselves from 
getting caught in a specialist rut, then that might be a 
perfectly valid argument. But we are dubious that the 
average research scientist is anything like as well read as 
he or she should be to take full advantage of all the 
intellectual opportunities that science has to offer. And 
we would not be surprised if this narrowness is signtfi- 
cantly more pronounced in the United Kingdom than it 
is in many other parts of the world, no doubt largely 
as a result of an educational system which, for better 
worse, produces single-minded, specialist experts ‘at the 
age of 24. 

There was a time, and not too long ago, when this was 
something to be proud of. But with changing economic 
circumstances people are beginning to ask whether, with- 
out too much lowering of the standards of scholarship, 
it might be possible to ensure that the scientists 
interests are not quite so intensely focussed. The BA 
should undoubtedly have a role to play in this by 
providing an arena in which scientists can learn from 
each other, from administrators, from politicians and 
even from taxpayers. This requires a broader commit- 
ment, of a kind which there once was, but which is now 
lacking. Is there any chance that Britain’s scientific 
community might regain it in the future? (3 
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America’s history lesson 


Chris Sherwell sees the Smithsonian’s latest spectacle in 
Washington, the National Air and Space Museum 


O glide from Washington’s white 

heat of late summer, past the 
imposing pink marble and tinted 
window facade of the National Air and 
Space Museum, and on into the air- 
conditioned splendour of an enormous 
hall dedicated to the milestones of 
aviation, is something of an experience. 
For there, in just one room, is the 
Wright Brothers’ Kitty Hawk; Lind- 
bergh’s Spirit of St. Louis: the first 
plane to break the sound barrier: and 
the X-15, which has flown at Mach 
6.72. And that is just on the ‘Air’ side. 
For ‘Space’, and in the same room, 
there is a replica of Sputnik and a 
duplicate of Explorer I; John Glenn’s 
Mercury capsule, Friendship 7; Gemini 
4, which carried the first US space 
walker; a replica of the Mariner 2 inter- 
planetary probe to Venus; the Apollo 
11 command module, Columbia; and 
the first piece of “touchable” lunar 
rock, It is all a remarkable introduction 
to a remarkable display. 

Nearly three million people have 
already traversed that hall, and the 
museum opened only eleven weeks ago; 
on one particular day, 82,000 people 
decided to visit. All seek to be informed 
and educated in an interesting and 
entertaining way about the history of 
aerospace. Most leave satiated. The 
man who piloted ‘Columbia’ on that 
memorable moon landing flight, 
Michael Collins, is the museum’s 
director. He acknowledges that there is 
no accepted view of what a museum is 
supposed to do, but at his disposal is a 
team of 250, a vast archive, a huge 
‘spacearium’, an enormous theatre with 
a 55-foot high screen, scores of audio- 
visual aids and, of course, hundreds of 


artefacts—which means aircraft and 
spacecraft. The result is a 23-section 
history of flight, beginning with 
balloons, and ending with the Universe, 
with digressions into flight and the 
arts, air-traffic control and the benefits 
of flight on the way. 

Although the balance of the 
museum’s overall display is in favour of 
Air rather than Space, the most 
spectacular exhibits are the space- 
related ones. The Skylab Orbital Work- 
shop and Multiple Docking Adaptor, 
together with the giant Minuteman and 
other missiles, dominate the second 
major hall, the Space Hall. Next to 
these are the Apollo-Soyuz space- 
craft and docking module: nearby is a 
Lunar Module, with the Orbiter and 
Surveyor satellites suspended above. A 
room dedicated to the Moon landing 
project includes a complete rundown 
on all the crews of manned US space- 
craft, a full-size mock-up of the Lunar 
Module cockpit, displays of experiments 
performed on the Moon (along with 
the Lunar Roving Vehicle) and several 
samples of lunar rock. 

None of this could have happened 
without rockets like the Saturn V, at 
353 feet so high that there is room in 
the museum for only one of its main 
engines; mirrors have to be deployed to 
give some idea of the overall size. 
Rooms on rocketry and rocket history 
accord due prominence to Goddard, 
Oberth and Tsiolkovsky, but the tele- 
vision series Star Trek is not forgotten 
either. The superb satellite room has 
communications, Earth monitoring, 
science and weather satellites, but no 
spy satellites. Collins would like one, 
but no one acknowledges they exist, 


DC 


National Air and Space Museum, Washington, 
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and no one has recovered one. 

Air sections too have their own 
attractions and distractions. Apart from 
the World War rooms, there is, for the 
more ghoulish, a constantly running 
film of the last flight of the Hinden- 
burg and film of the more spectacular 
of the crazy acrobats who flew on 
planes rather than in them. In the Sea- 
Air Operations rooms visitors can 
stand on the bridge of an aircraft 
carrier and watch planes land on the 
deck, or alternatively (and more alarm- 
ingly, since there is no attempt to ex- 
plain the military concept behind an 
aircraft carrier) join the pilots of the 
planes themselves as they go on a short 
‘mission’. Elsewhere, certain technical 
principles are exceedingly well demon- 
strated. There are explanations of the 
propeller, the turbofan engine, jet pro- 
pulsion and, in the Flight Technology 
room, of supersonic flight and even of 
flight itself. 

As always, the problem, even in an 
aerospace museum, is space—that is, 
the lack of it. The museum is, in fact, 
only two-thirds of its originally pro- 
posed size. Thus, there has to be some 
disappointment for everyone. In the 
third major hall, the Air Transportation 
Hall, for example, a Douglas DC-3 
hangs majestically, “the most important 
single aircraft type in the history of air 
transportation”. The same could not 
be done for what may turn out to be 
the most important planes since—the 
Lockheed C-5A and the Boeing 707. 
The problem, of course, is that there 
is no room for what would need to be 
another airport in the centre of 
Washington. 

How, then, did Collins and his team 
decide priorities? “Its an imperfect 
process”, he says; some categories— 
First and Second World War aviation, 
for example—chose themselves. One 
problem, revealed by an early survey 
of audiences in four of the halls, is that 
people by-pass important exhibits in 
their desire to see particular attractions 
like the Spirit of St. Louis. That exhibit 
is already the most popular, and Collins 
suggests that this is something to do 
with Lindbergh himself: people can 
relate to his “one-man show” a lot 
better than they can to the space pro- 
gramme, where there is “a cast of 
hundreds of thousands”. 

In fact, although the enormity of the 
US space effort is more than adequately 
conveyed by the sheer size of some of 
the exhibits, the impact which the 
aerospace industry, indeed flight itself, 
has had on American people and 
Western society generally is perhaps 
insufficiently emphasised. Partly, this is 
a problem facing any museum, where 
the idea of history as events, turning- 
points and personalities finds its greatest 
expression, But it is also a matter of 
perspective. 
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Take one particular personality, 
Howard Hughes—surely the eminence 
erise of US political and economic life. 
On the tiny Giants of Air Transporta- 
tion exhibit the briefest of blurbs says 
only: “Howard Hughes for many years 
was the guiding force behind TWA and 
worked on the design of the Lockheed 
Constellation”. In the larger Flight 
Technology room, the Hughes H-I 
Racer is the centrepiece, and is repre- 
sented, proudly, as “a major milestone 
on the road” to Second World War 
fighters like the the Grumman Hellcat, 
the Japanese Zero and the German 
Focke-Wulf FW 190. And in the Bene- 
fits of Flight room, Hughes Aircraft 
and the other major aerospace corpora- 
tions like Boeing, Lockheed, Rockwell, 
Northrop, Grumman and McDonnell 
Douglas, merit just a mere mention on 
a backdrop’ list. Nowhere in the 
museum can the links, if any, between 
war, politics, the economy and the 
major corporations be more than 
guessed at or presumed. 

Crucial decisions of the present—in 
the case of the US, those concerning 
the so-called “Sale of the Century” of 
fighter planes, the B-! Bomber or the 
Boeing 7X7 and 7N7—receive little 
emphasis. There are some elements of 
topicality—a full-scale model of the 
Viking Lander, for example. But the 
biggest gap occurs with the supersonic 
transport, or SST, of which there is not 
even a passable model. The decision not 
to go ahead with this in the USA was, 
in the view of many, a defeat for 
science and technology. Not to have 
an exhibit is a defeat for a museum 
which aims to look to the future as well 
as the past, and which actually manages 
this, if somewhat disappointingly, with 
the Space Shuttle. Collins himself 
admits that this may be a weakness, 
and even allows that, as far as topicality 
is concerned, the museum “does not 
do that very well”. 

Not that the museum fails totally to 
overcome the problem of presenting 
history in terms of events. But it does 
go only a little way towards describing 
the social impact flight has had. The 
Benefits of Flight rom is an acknowl- 
edgement that the major exhibits do 
not offer aerospace automatic self- 
justification. There the view is ex- 
pressed—near a deactivated atomic 
bomb—that flight has contributed to 
peace rather than war, at least between 
the major powers (“the sword over 
Damocles’ head”). Exhibits in the same 
room refer to work on the Earth’s 
resources, to scientific research, to 
agriculture, to the weather, to com- 
munications and so on. A juke-box 
blaring out Elton John’s “Rocket Man” 
and Frank Sinatra’s “Come Fly with 
Me” spotlights the cultural impact: so 
does the list of additions to our 
vocabulary, and the whole Arts room. 


But in the areas where the greatest 29 
been 3 


human transformation has 
wrought—in population mobility, in 
the way people think of time and 


space and, above all, in the way pro- 
duction is organised—the museum 
shows its greatest weaknesses. How to 
remedy this? Perhaps the answer lies 
in the spacearium and theatre, which 
currently come closest to surmounting 
the difficulty with the presentations 
“Cosmic Awakening” and “To Fly”, 
both pitched to a mass audience, and a 
mass American audience at that. 

Above the two floors of display, to- 
gether with the staff offices, is the 
library, available by appointment for 
any researcher to use. It has provided 
the main documentation for the show 
below. Collins says he has sought 
neither to editorialise nor to impose too 
much uniformity through excessive 
analysis. He favours an element of sur- 
prise instead, treating some subjects 
more seriously and some more whimsic- 
ally than others. He agrees that the aim 
must be to make a presentation that 
allows an audience to draw its own 
conclusions, rather than one which 
makes particular preconceptions and 
makes certain conclusions inescapable. 
He acknowledges that some things need 
to be dressed up just to catch attention, 
but would hope that the inevitable 
built-in bias of any museum is in this 
case acceptable. 

Apparently, it is: if the anti-space or 
anti-business lobbies in the United 
States believe that he has in fact failed 
in his task of educating a curious 
public, their views have gone largely 
unrecorded. Collins and his staff are 
pleased with the press they have re- 
ceived. The only serious regret about 
such a venture must be that it is a 
National Air and Space Museum, and 
not an international one. go 








The Wright Brothers’ original Kitty Hawk Flyer 


182 


ESA airs itself 


Last week, the European Space Agency displayed 


itself at the Farnborough 


Air Show in Britain. Allan Piper reports 


N solid commercial terms, this year’s 

Farnborough International Air 
Show brought relatively little joy to 
the world’s aerospace industries, with 
firm orders for hardware considerably 
cown on recent years. To the many 
large corporations affected—companies 
such as Rolls-Royce and Westland from 
Britain, Aerospatiale and VF W-Fokker 
from Europe, and Boeing, Lockheed 
and McDonnell Douglas from the US— 
the cutback is no less unwelcome for 
all that it was expected and is seen as 
only temporary. But few of the con- 
tractors present will regard the latest 
Farnborough as a complete failure. In 
the first place, the long-term future of 
the aerospace industry seems secure 
enough, and this year’s record crowds 
again proved the show’s worth as a 
massive public relations exercise. 
Second, and far more important, the 
get-together encouraged a measure of 
serious discussion on what has become 
a vital issue for world aviation—inter- 
national collaboration, 

With the enormous expense now in- 
volved in the design and development 
of most civil and military aviation hard- 
ware, it is scarcely surprising that 
collaboration emerged very early during 
this year’s show as the new watchword 
for aerospace. In Britain, attention 
focused particularly sharply on planned 
Anglo-US discussions announced by 
Gerald Kaufman, the UK Industry 
Minister. 

But for the 12-nation European 
Space Agency (ESA), prominently 
represented at Farnborough, collabora- 
tion is an already well-established 
principle. Since its launching almost 16 
months ago ESA has put no less than 
eight scientific satellites successfully 
into orbit, working with three giant 
consortia involving many of Europe’s 
aerospace contractors. 

While that prolific record itself 
speaks volumes for the success of Euro- 
pean cooperation, early discussions on 


joint ESA-NASA ventures have en- 
sured that broader collaboration will 
not go by the board either. The 


Spacelab project, already under way, 
represents ESA’s largest scientific con- 
tribution to the NASA space shuttle 
programme, planned for the late 1970s 
and 1980s. Next month, ESA officials 
are expected to approve funds for 
another joint project with NASA, the 
Large Space Telescope. And many of 
the other new projects in the ESA pipe- 
line will play important roles in forth- 
coming international programmes, 
Meanwhile, Farnborough provided 


ESA with an ideal opportunity to 
Stamp its presence on the _ public’s 
mind. Operating comfortably on a 


current annual budget of $600 million, 
the agency has much to offer in the 
way of eyecatching space technology. 
Triumphs have already been notched 
up with the ESRO, HEOS and COS B 
satellite programmes, and ESA has an 
equally impressive timetable drawn up 
for the next four years or so. New 
ESA projects include: 

© OTS, the Orbital Test Satellite, 
scheduled for launching in mid-1977. 
Primarily a demonstration mode! for 
the European Communications Satel- 
lites (ECS) programme, OTS is none- 
theless adaptable for various missions. 
The basic service module can, for 
example, carry weather forecasting 
equipment just as effectively as a tele- 
communications payload. The first 
ope rational ECS’s will provide around 
5,000 telephone circuits and two wide- 
band television channels along with 
data transmission and teleconferencing 
services. During Farnborough a 
£900,000 design contract for ECS-1 was 
placed with MESH, one of the Euro- 
pean consortia. 

®© METEOSAT, a long range weather 
forecasting satellite, scheduled for 
launching next year. METEOSAT will 
provide Europe’s contribution to the 
Global Atmospheric Research Pro- 
gramme and the World Meteorological 
Organisation’s later World Weather 
Watch. It will also fit into a global 
coverage involving Japan, the Soviet 
Union and the US. 

® GEOS, the world’s first scientific 
geostationary satellite, will monitor the 
magnetosphere. Scheduled for launch- 
ing next year, it will play a major role 
in the International Magnetospheric 
Programme. 
@ IUE, the International Ultraviolet 
Explorer, a joint venture between 
NASA, the UK Science Research 
Council, and ESA, to be launched next 
year. ESA will contribute the solar- 
cell array for the satellite, and will 
design, build and operate the ground 
station near Madrid in Spain. 

@ ISEE-B, the International Sun—Earth 
Explorer, part of another NASA-ESA 
collaborative project. ESA’s ISEE-B 
will be launched in tandem with 
NASA's ISEE-A next autumn. 

® MAROTS, a shipping communica- 
tions satellite scheduled for launching 
early in 1978. The payload will sit on 
an OTS service module. 

@ AEROSAT, an aeronautical satellite 
for ground to air communications on 


PAUL GENEST 


ESA 


Nature Vol. 263 September 16 1976 





METEOSAT 





GEOS 


Earth, Two AEROSATs_ will be 
launched into geostationary orbit at the 
end of 1979 and beginning of 1980. 

@ EXOSAT, an X-ray astronomy satel- 
lite that will monitor cosmic X-ray 
sources. Along with GEOS, IUE and 
ISEE-B, EXOSAT will be a purely 
scientific spacecraft. It will be launched 
in 1980. 

® Spacelab, the star of them all. 
A re-usable pressurised space labora- 
tory, Spacelab will house scientists and 
engineers working in shirtsleeve com- 
fort. A major component of NASA’s 
space shuttle programme, it will be- 
come operational during the 1980s. 

@ Increasing congestion in the inter- 
national queue for NASA’s launching 
facilities, which is likely to become 
worse as NASA steps up its own re- 
quirements, has led ESA to develop a 
heavy launcher, Ariane, for itself. 
Designed to lift satellites weighing 
around 800 kg, it could prove crucial 
to the ECS programme. Ariane’s four 
qualification shots, planned for 1979 
and 1980, will be from the permanent 
launching base in French Guiana. 
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Approaching scientific issues 





While the Ford administration has been 
setting up the White House Office of 
Science and Technology Policy (see 
page 184), Jimmy Carter's campaign 
organisation has been establishing links 
with prominent members of the scien- 
tific community. Colin Norman reports 





THE campaign between Gerald Ford 
and Jimmy Carter for President of the 
United States officially kicked off last 
week with a round of speeches from 
the two candidates and their Vice- 
Presidential choices. Nobody said any- 
thing about science, but then nobody 
really expects scientific issues to play 
much of a role in this campaign. 
“Science”, as one adviser to the Carter 
campaign pointed out, “is not exactly 
the most burning issue in the public 
mind”. Moreover, there’s little discern- 
ible difference between Republican and 
Democratic policies for research and 
development. 

But that doesn’t mean scientists will 
play no part in the campaign. Far from 
it. In fact, it has become something of 
a tradition for large number of scien- 
tists and engineers to shed their usual 
non-partisan roles and enter the fray 
on behalf of one candidate or another, 
and this year will be no different. An 
extra facet in this campaign, however, 
is that the Carter organisation has been 
actively seeking advice from a diverse 
array of scientists, and that advice has 
been flowing in quite freely. 

It is coming from a very loosely knit 
science policy task force, whose activi- 
ties are coordinated by Lewis Brans- 
comb, chief scientist for IBM, former 
director of the National Bureau of 
Standards and a well respected figure in 
science policy circles. Other members 
of the task force include such equally 
prominent figures as Harold Brown, 
President of California Institute of 
Technology, Harvey Brooks, Professor 
of Technology and Public Policy at 
Harvard, David Baltimore, a Nobel 
Prizewinner from MIT, and George 
Low, President of Renssellaer Poly- 
technic Institute. 

The science policy task force mirrors 
similar units advising Carter on a vast 
range of other issues. It is a very 
informal, ad hoc arrangement involving 
members who rarely, if ever meet. 
Instead, they draft policy papers which 
are sent to the Carter campaign head- 
quarters, to be used as Carter’s staff 
sees fit in drawing up position state- 
ments and speeches. As one task force 
member noted last week, “we haven’t 
exactly got much power in formulating 


the policies’. This conforms with 
Carter’s well-established approach of 
seeking opinions from a diverse array 
of individuals before enunciating his 
own positions. In foreign policy 
matters, for example, his advisers in- 
clude people whose perspectives differ 
so widely that they must be offering all 
sorts of conflicting advice which the 
Carter campaign organisers are filtering 
and stitching together. 

Branscomb said last week that he 
first became acquainted with Carter late 
last year, and that he was “impressed 
with (Carter’s) intelligence and ap- 
proach to scientific issues”. Branscomb 
said that he personally favoured 
Carter’s nomination as the Democratic 
candidate, and agreed to head the 
science policy task force when Carter 
approached him. A measure of the 
generally non-partisan nature of science 
policy here is that Branscomb was also 
a member of a committee advising the 
Ford administration on an agenda for 
the new White House Office of Science 
and Technology Policy (OSTP). 

Branscomb has repeatedly emphasised 
the informal nature of the task force, 
and its broad membership. Many 
people, he said, are simply being asked 
for their views on issues, and their in- 
volvement carries no implication that 
they would necessarily endorse Carter’s 
candidacy. “We are trying to make a 
contribution to good government,” he 
told Nature, and added that the task 
force is “trying to avoid being an 
elitist, exclusive club with an inside 
track”. 

With Carter already commanding a 
formidable lead in the public opinion 
polls, it’s clear that the task force is 
looking beyond November, attempting 
to lay the groundwork for the first few 
months of a Carter Administration. 
In that regard, there has been some 
speculation that if Carter is elected he 
will ask Branscomb to be his science 
adviser a the Director of OSTP. 
Asked last week whether he would 
accept such an offer if it is made, 
Branscomb said the possibility has 
never been discussed with the Carter 
organisation, and that he prefers to 
cross that bridge if he comes to it. 

In spite of all the advice flowing 
into the Carter camp on science policy, 
so far there is little major difference 
between the two parties on scientic 
matters. As far as the party platforms 
are concerned, for example, though 
the Republicans devote a few para- 
graphs to science and technology, the 
wording is not at all controversial, and 
could easily have been part of the 
Democratic manifesto. 





Carter, looking forward 


The Republican document states, for 
example, that “every aspect of our 
domestic economy and well-being, our 
international competitive position, and 
national security is related to our past 
and present leadership in basic and 
applied research and the development 
of our technology. But there can be 
no complacency about our continued 
commitment to maintain this leadership 
position”. The Democratic platform 
simply makes no reference to such 
matters. 

Some differences are, however, be- 
ginning to emerge between the two 
candidates on energy and environ- 
mental matters, which have some bear- 
ing on research and development. 

In a speech before the National 
Press Club last year, for example, 
Carter attacked ‘President Ford’s 
disastrous energy policy”, which he 
described as the ‘“Ford/oil industry 
energy policy’, and claimed that it 
would eventually lead to higher energy 
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prices and greater reliance on oil im- 
ports. He said he was looking forward 
to the opportunity to formulate his own 
energy policy, in an atmosphere devoid 
of crisis. Though he hasn’t been too 
specific about his proposals, Carter has 
since suggested several times that he 
wants to see more emphasis on con- 
servation, more spending on solar 
energy, and more reliance on coal. He 
has also attacked the Ford Administra- 
tion’s plans to push development of a 
synthetic fuels industry. 


The chief difference between the 


AFTER a series of unexpected and 
often bizarre delays, the newly-re- 
created White House Office of Science 
and Technology Policy (OSTP) is 
finally getting down to business, four 
months after it was legislated into 
existence and—if the opinion polls 
are to be believed—only a few weeks 
before the Ford administration is 
scheduled to make its political exit. 
Even though the administration’s days 
may be numbered in double figures, 
however, OSTP is being established 
as if its working arrangements will 
endure well beyond next January's 
Presidential inauguration. 

H. Guyford Stever, who heads the 
office and who also holds the title of 
Science Adviser to the President, 
said in an interview last week, “I’m 
not expecting a change of admini- 
stration. And neither is the President”. 
Accordingly, he is busy recruiting 
staff, hiring consultants and estab- 
lishing committees, which means that 
Jimmy Carter, if he is elected, will 
inherit a functioning science policy 
office and some top-level committees 
whose members would be difficult to 
replace. 

Although legislation establishing 
the office was signed into law by Presi- 
dent Ford on May 11, after taking 
more than a year to pass through 
Congress, the OSTP’s debut was 
delayed by an unexpected dispute over 
the appointment of a director. It had 
long been rumoured that Ford would 
nominate Simon Ramo, head of the 
giant aerospace and defence consort- 
ium TRW, as his science adviser and 
director of OSTP. But the nomina- 
tion was never made, apparently 
because Senator Kennedy’s office in- 
sisted that Ramo would have to divest 
his holdings in TRW before the 
Senate would confirm his appoint- 
ment. Ramo decided that, since the 
polls all pointed to a resounding Ford 
defeat in November, it wasn’t worth 
the price to be a science adviser for 
only a few months. Attention then 
turned to Guy Stever. 

An aerospace engineer and former 
President of Carnegie-Mellon Uni- 
versity, Stever has been Director of 


Carter and Ford energy policies lies in 
the area of nuclear power. In a State- 
ment made to a United Nations confer- 
ence last May, Carter suggested that 
dependence on nuclear power should 
be held to the minimum necessary, and 
he has said that he would reassess the 
priority being given to the liquid metal 
fast breeder reactor—the most expen- 
sive single energy research and de- 
velopment project supported by the 
Ford administration. He has, however. 
stopped short of calling for a 
moratorium on nuclear power, and he 


the National Science Foundation 
(NSF) since 1972 and part-time White 
House Science Adviser since mid- 
1973, when Mr Nixon scrapped the 
old Office of Science and Technology 
and consigned some of its functions 
to the NSF. Stever would therefore 
seem a logical choice for the full-time 
post of Presidential Science Adviser. 
But, when news of his impending 
nomination filtered out, four right- 
wing Republican Senators warned 
Ford that they would oppose the 
appointment. Led by Senator Jesse 


Man at the top 





H. Guyford Stever 





Helms, they issued a statement criti- 
cising Stever’s stewardship of the 
NSF, resurrecting many of the dis- 
putes which have swirled around the 
NSF’s education programmes for the 
past year. 

The opposition surfaced while Ford 
was locked in his neck-and-neck 
with Ronald Reagan for the Republi- 
can nomination, Stever, mindful of 
the fact that Ford was trying to steer 
clear of fights with the party’s right 
wing, suggested that his nomination 
be reconsidered and the matter was 
put on the back burner for nine 


Nature Vol. 263 September 16 1976 


refused to support the California 
initiative calling for a virtual halt in 
the development of nuclear power 
there. (The initiative was defeated in a 
state-wide referendum last June.) 

As election day approaches, science 
and technology are unlikely to figure 
very prominently, simply because they 
do not figure very prominently among 
the issues about which people are con- 
cerned. 

If that is a source of encourage- 
ment for scientists, it is largely because 


of the prestige they enjoy. Ga 
weeks. Then, when Ford had the 
nomination virtually locked up, 


Stever’s nomination was sent to the 
Senate early in August and swiftly 
approved with only token opposition. 
Stever said last week that he agreed 
to take on the assignment with the 
understanding that he wouldn’t re- 
main long after January, no matter 
which administration takes office. 
The legislation establishing OSTP 
also sets up a top-level advisory com- 
mittee, consisting of between 8 and 14 
people drawn from a variety of fields, 
which will conduct a two-year investi- 
gation of federal science support and 
priorities. One of Stever’s first acts 


was to recommend that Ramo be 
appointed chairman of that com- 
mittee, a suggestion which Ford 


promptly accepted. The other mem- 
bers will be appointed later this 
month. (Ramo’s appointment, inci- 
dentally, will present an interesting 
situation if Carter becomes President, 
for Ramo was a co-chairman in 1972 
of a committee of scientists and 
engineers supporting the candidacy of 
Richard Nixon.) 

Stever has begun to staff the office 
with people drawn from NSF's 
science policy office and a few in- 
dividuals on secondment from other 
government agencies. In addition, he 
has appointed two senior policy con- 
sultants, William Nierenberg, Director 
of the Scripps Institution of Oceano- 
graphy, and Donald Kennedy, Chair- 
man of the Program in Human 
Biology at Stanford University. Both 
will devote half their time to OSTP, 
assisting in the development of policy 
studies on biological and environ- 
mental issues. Other consultants, 
Stever indicated, will be called upon 
as needed. 

Asked last week what he considers 
as OSTP’s chief goal, Stever said, 
“some scientists think that the goal 
should be to increase the support for 
science, but they are mistaken. The 
important thing is to establish an 
easy relationship at the top level of 
our government for the scientific com- 
munity to have an input” into 
national policy. Colin Norman 
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USSR 


@ The return of the Salyut 5 crew 
without having set a new endurance 
record has aroused speculation abroad 
as to whether a premature return 
was necessitated by the psychological 
stresses of the voyage. This is doubt- 
less due to the fact that it is the first 
time that the Soviet press has been so 
explicit about the monitoring of the 
cosmonauts, which, it appears, in- 
volved the analysis of all routine com- 
munications with ground control to 
detect signs of stress. 

Cosmonauts Volynov and Zhlobov 
wanted to be kept up-to-date with 
world news and sporting events as 
well as enjoy the on-board entertain- 
ments of taped music and a set of 
photographic slides. In the early part 
of the flight it was noted that “every 
detail about the progress of the 
Olympic Games gave them additional 
reserves of energy”, and during the 
flight certain innovations were intro- 
duced—routine transmission from 
base were given a background of 
soft music and special emphasis was 
placed on “warmth and lively human 
interest in the concerns of the crew” 
shown by the communicators. 

The official reports, however, do 
not suggest that the stresses deve- 
loped were inadmissibly great; the 
new measures suggest an experiment 
in remote-control psychotherapy 
rather than a psychological emer- 
gency. Soviet space psychologists have 
long been concerned with the prob- 
lems of in-flight sensory deprivation 
(including the lack of wide human 
contacts). Over the years this has led 
to a number of diverse selection pro- 
cedures for would-be cosmonauts, 
ranging from the idea that candidates 
who report monochrome dreams are 
preferable to those who dream in 
colour, to the recent pronouncement 
that no more women will be accepted 
as cosmonaut-pilots, although they 
will still be eligible to serve aboard 
space-craft as “experts’”—doctors, 
astronomers or stewardesses. 

@ A recent decree of the Central 
Committee of the Communist Party 
and the Council of Ministers of the 
USSR focused on “urgent measures 
for ensuring for the national economy 
fuel, electrical and thermal power, 
and the economic use of fuel and 
energy reserves”. Addressed to all 
strata of society from the Councils of 
Ministers of the Union Republics 
down to the managers of individual 
enterprises, it called not only for all 
possible savings but also for the in- 
creased use of ‘‘peat, shale, briquettes 
and timber”. It was somewhat re- 
miniscent of a speech by Academician 
Vladimir A. Kirillin, Chairman of the 
State Committee for Science and 


Technology, during his visit to Britain 
in 1974. This extolled Soviet advances 
in the technology of fast breeder 
nuclear reactors, and also stressed 
that in the immediate future the 
Soviet power industry envisaged a 
considerable expansion of open-cast 
mining for low-grade coal. 

The new emphasis on saving and 
on the use of low-grade fuels may be 
associated with recent hints of set- 
backs in the nuclear power plans. 


Writing in Pravda, Academician 
Nikolai A. Dollezhal (the chief 





designer of the reactor for the first 
Soviet nuclear power station) indi- 
cates that there are still considerable 
engineering problems involved in the 
construction of nuclear stations, that 
the manpower involved in installing 
the equipment is some 2-3 times 
greater than for thermal stations, and 
that the efficiency of nuclear stations 
is generally less than that for thermal. 

Moreover, he says, “there are 
grounds for assuming that in the not 
too distant future we shall be close 
to exhausting the ‘ecological capacity’ 
of the region of present siting of 
nuclear power stations.” The new 
economy drive is aimed at ensuring 
the “unconditional” fulfilment of the 
five year plan; consequently neither 
industrial production nor fuel exports 
will be affected by the measures. 
®@ ‘Melioratsiya’, the ten-year-old 
land-improvement scheme involving 
drainage and irrigation projects and 
the general management of soil re- 
sources, has received a _ fresh 
emphasis. Following the disclosure of 
new plans over the past few months, 
Pravda has identified the scheme as 
“a most important task of the whole 
party, the whole Soviet nation”. 

This latest move to boost agricul- 
tural production includes the resur- 
rection of far-reaching plans to divert 
northward flowing Siberian rivers 
south into central Asia and Kazakh- 
stan. In the shorter term, the new 
measures include calls for substantial 
increases in the yields of cereal and 
other crops from “improved lands”. 

The renewed importance accorded 
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to melioratsiya places involved work- 
ers high in the industrial hierarchy: 
incentives range from a special “feast 
day” for all concerned, to the title 
“Master of Irrigation’ (First or 
Second Class) for outstanding indi- 
vidual contributions. 

During the recent Biosfera-76 

exhibition in Minsk it was revealed 
more than 2 million hectares of 
marshland have already been drained 
in the Byelorussian SSR; and the past 
five years have seen an increase in the 
crop-yield of the reclaimed lands. 
Nevertheless, erosion is causing losses 
of up to 20% in crop production, and 
it is now proposed that some 75% of 
the peaty soils should be put under 
grass, leaving only 25% for cereal 
crops. With the continuing loss of 
productive soil to industry, and the 
extensive pollution of water resources 
also causing serious concern, the in- 
dications are that the new plans for 
melioratsiya will require considerable 
efforts if targets are to be met. 
@ The Soviet Union has agreed to 
cease whaling within the next two 
years, according to a recent statement 
attributed to Mr Nikolai Makarov, 
Chargé d'Affaires at the Soviet 
Embassy in Ottawa. This is a reversal 
of a long-standing Soviet policy, 
which maintained that a whaling 
moratorium would be positively harm- 
ful, since it would put an end to 
research on the biology of whales. 

According to a spokesman of the 
USSR Ministry of Fisheries shortly 
before the 1974 Session of the Inter- 
national Whaling Commission, the 
established seasonal quota is insigni- 
ficant, and there is “no biological 
necessity” to stop whaling completely 
since the USSR (which, together with 
Japan, takes 90% of the world’s 
catch) “consistently and accurately 
observes all the provisions of the 
Whaling Convention, while attaching 
specially great importance to the 
development and implementation of 
effective measures to protect the 
whales”. 

At the 1976 session in June, the 
Soviet Union strenuously opposed the 
proposal to set quotas by “yield by 
weight”, rather than by the “maxi- 
mum sustainable yield” introduced in 
1961. The USSR disapproved of the 
change, to be applied in the first in- 
stance to sperm whales only, arguing 
that the Commission had already 
done much in the past two years to 
maintain sperm whale stocks. 

The reversal of policy is more than 
a cause for satisfaction among conser- 
vationists: hitherto, it is said, sperm 
whale oil has played an important 
role in the manufacture of Soviet 
tanks and missiles. Vera Rich 
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IN BRIEF 
Williams the DES 


In a Cabinet reshuffle Shirley Williams 
last week took over the post of UK 
Secretary of State for Education and 
Science from Fred Mulley. While Mr. 
Mulley’s low-profile tenure of the post 
—-marked by a period of economic 
stringency, cuts and out-of-work teach- 
ers—led to little in the way of long- 
term science policy, hopes are high 
among scientists and policymakers that 
Mrs. Wilhams will provide a different 
style of leadership, taking science under 
her own wing (rather than leaving it to 
a junior Minister) and generally infus- 
ing some optimism into what is at 
present a gloomy scene. 

Mrs. Williams was a junior Minister 
for Education and Science between 
1967 and 1969; she returns to the 
Department from her position as Secre- 
tary of State for Prices and Consumer 
Protection, held for the past two years. 


Ir must have come as a surprise to 
most people in Britain to learn that, 
according to the statistics for food 
consumption recently published by the 
UK Ministry of Agriculture, Fisheries 
and Food (MAFF), the nation’s 
population is on average eating less 
than the minimum diet recommended 
by the United Nation’s Food and 
Agriculture Organisation (FAO). 
Britons are apparently saved from 
starvation only by the efforts of the 
confectionery and brewing industries, 
whose products contain sugar that 
makes up for what would otherwise 
be a significant deficiency in calories. 

It is difficult to take these figures 
seriously. If the average level of con- 
sumption is so near the starvation 
line, then something like half of the 
UK’s population should show symp- 
tons of undernourishment, for the 
least-privileged members of society 
probably eat fewest sweets and drink 
least beer, Yet it 1s rare to see any- 
one except a criminally neglected 
child or an uncared-for  eldérly 
recluse, who is seriously underweight. 
One cannot walk along a city street 
in Britain without seeing many who 
are grossly overweight: The school 
medical service complains about the 
increase in the number of obese 
childen. Surveys show that as many 
as 75% of middle-class and middle- 
aged women, and over 50% of men, 
worry because they are overweight. 
Food advertisements push products 
that are low, not high, in calories. 
Newspapers are full of diets devised 
to allow consumers to lose weight 
without suffering the pangs of hunger. 
As a nation Britain shows all the 
signs of overeating, not of consuming 


More for US research 
Government spending on science and 
technology in the United States is ex- 
pected to reach $23.500 million during 
the fiscal year beginning October 1. 
according to figures recently published 
by the National Science Foundation 
(NSF). That would represent a modest 
increase from this year’s level of sup- 
port, even when inflation is taken into 
account. 

The welcome increase follows a 
long period of decline in the federal 
science budget, as inflation has gradu- 
ally eroded its purchasing power. The 
increase will be sufficient only to restore 
science support to its 1972 level, how- 
ever, which in turn was 20% below 
that of 1967, the peak year of federal 
science support. The growth next year 
is almost solely attributable to large 
increases in funding for energy and 
defence research and development. 


too little. The MAFF not only suggest 
that Britons eat too little food of any 
kind, but also that “the quality of 
food consumed shows a steady 
decline”. This view is based mainly on 
data showing falls in the consumption 
of meat and other animal products, 
and of sugar. But as Dr. J. V. Durnin, 


MAFF gaff 


NOOO 





a nutritionist at Glasgow University, 
has commented in The Times news- 
paper, these changes should be viewed 
as a limited improvement, and not a 
deterioration in feeding habits. More- 


over, they accord with a recom- 
mendation from the Royal College of 
Physicians. 

-The MAFF seems intent on per- 
petuating the fallacy that, because 
some. protein is necessary for health, 
the ‘consumption of more animal 
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New orchid for Britain 
Whatever its effects on wildlife in 
general, this year’s warm dry spring 
brought a notable addition to the 
British flora: the orchid Ophrys berto- 
lonii. A single specimen has been found 
near Swanage, Dorset, growing in un- 
disturbed downland turf; how it got 
there will remain a mystery, unless 
some enthusiast confesses to having 
planted it there as a seedling some 
years ago. One of the loveliest and 
most unmistakable of European orchids 
O. bertolonii is essentially a plant of 
the western Mediterranean, although 
it occurs north of the Appenines and 
is also recorded from Bulgaria. 

The notion that the British specimen 
has been in. position for some years 
without flowering is strengthened by the 
discovery in Gloucestershire, also this 
season, of a second = species, O. 
sphegodes. 


products leads to better nourishment. 
Some time ago, the Minister even 
suggested that any reduction in the 
amount of meat eaten in Britain 
would give rise to serious malnu- 
trition. Britain’s diet may indeed 
be changing. Rising costs may be 
preventing everyone from consuming 
all the things they might wish to eat. 
Some people may be getting less 
pleasure from eating, or, more likely, 
from overeating. But in presenting 
dietary data, the MAFF should surely 
pay heed to the principles of nutrition, 
rather than to those of hedonism. 

Those living in Britain can observe 
the real situation, but what will 
observers tn other countries, or in 
organisations like the FAO, make of 
the MAFF statistics? Will the UK’s 
55 million citizens be added to the 
thousands of millions in countries 
even poorer than Britain already listed 
as suffering from food shortages? In 
the past, many statistics published by 
international bodies have exaggerated 
world starvation and malnutrition. It 
is revealing to find that equally 
exaggerated data can be produced 
for a country like Britain, where 
accurate information might be 
expected. 

Yet there are too many hungry and 
even starving people in the world 
today. There are many countries 
where overeating is not, as it is in 
Britain, the main cause of ‘malinu- 
trition’. The problem can only be 
solved if there are accurate statistics 
for food consumption, and proper 
estimates of food requirements, for 
all countries. A start should be made 
by producing such information for 
Britain. 
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Ball lightning 

Sir,—Ball lightning is a relatively rare 
phenomenon, usually occurring under 
conditions of very strong electrical 
fields and usually associated with 
storms, though not necessarily in the 
storm area. The balls can be from one 
inch to several feet in diameter and 
can have various colours. Some ex- 
plode violently and some fizzle out 
quietly. The balls move through the 
air, apparently independent of wind 
and gravity, and are known to enter 
structures—even through a metal 
window screen and into a metal air- 
craft. There is no good theory to 
explain ball lightning, but J. R. Powell 
and D. Finkelstein are working on a 
dic. fiekil theory in which a strong 
electric field adds energy to the ball 
to sustain it (Structure of Ball Light- 
ning, Brookhaven National Laboratory, 
Upton, New York). 

Little is known about the ignition 
hazard of ball lightning, but in the 
course of investigating accidents in the 
past ten years, we have heard the 
following statements from witnesses: 
® Distillate was being loaded into the 
open top of an 8,000 gallon transport 
truck. “A ball of light travelled along 
the fill pipe and down the droptube. It 
entered the truck compartment and the 
truck blew up.” 

@ Solvent was being loaded through 
closed piping into the bottom of a 
7,600 gallon transport truck. “A ball 
of light followed along the fill pipe 
toward the truck and disappeared. Then 
the truck blew up.” 

@ An observer on a ship several miles 
from an empty VLCC (very large crude 
carrier) tanker. “A ball of light 
travelled along the deck of the ship and 
disappeared. Then the ship blew up.” 
@ Jet fuel was being loaded into the 
open top of a transport truck. “A ball 
of light entered the truck compartment 
and it blew up.” 

@ A retired New York City fireboat 
captain, Charles Wilson of Codan 
Marine Inc., New York. “T know of 
three cases where a ball of light was 
reported to have moved across the deck 
of a barge just before the barge blew 
up.” 

@ A tanker captain with the same 
corporation, Captain Wykoff, re- 
portedly “saw a ball of light move 
across the deck toward a compartment 
before it blew up.” 

Taken individually, these are each 


incredible and are usually ignored by 
safety experts. Since there are these 
eight cases reported by separate 
observers, it appears that ball lightning 
might be an infrequent and unrecog- 
nised source of ignition. 

There probably are other incidents, 
and we are soliciting any information 
that others may have. Our concern is 
that this is an unrecognised source of 
ignition in fuel transport operations 
and that conventional protective 
methods may be inadequate. 

1. GINSBURGH 

W. L. BULKLEY 
Amoco Oil Research Department, 
Naperville, Illinois 60540 


Forecasting error 

Sir.—Kenneth Mellanby, in a short 
but cogent article (“Forecasting 
Error’, August 5, page 441), is highly 
critical of the state of the art of fore- 


casting many of the social and 
economic components of present 
society. 


Most of his strictures are only too 
true. T would however take issue with 
his implication that “only some form 
of rigid totalitarianism could improve 
the statistics”. This can surely be tested 
by examining the forecasting skills of 
societies which have for some time 
displayed this characteristic. To my 
knowledge there is no evidence that 
they do have a greater predictive 
success rate: in fact the impression is 
quite the reverse. 

To improve data sources used in 
predictions would involve the public 
as individuals and groups in providing 
information on present and intended 
actions and aspirations which, for 
various reasons, they are unwilling 
to divulge with any degree of 
spontaneity. At least part of this 
unwillingness stems from a sense of 
isolation from the  decision-taking 
which would (hopefully) be based on 
the information. If truly participatory 
decision-taking processes existed, after 
a due period of time to allow for 


cultural inertia, the inclination to 
provide adequate information from 
which to derive alternative policy 


plans might well emerge. 
Better data require more democracy. 
not less. 
O Davip R. Copr 
Institute of Planning Studies, 
University of Nottingham, UK 


Mistaken parameter 
Sir,—-Politicians and others have been 
criticised in the national press for the 
misuse of the word “parameters”, but 
I have yet to see similar charges 
levelled against scientists who have 
much less excuse for this practice. 
During the past three years the 
tendency to describe components, 
factors, attributes and so on as para- 
meters has become frequent in most 
scientific journals, covering agricultural 
research and related fields, published 
in the UK and abroad, 

To anyoné inthe habit of using 

parameters with gay abandon I would 
recommend the definition given by 
Professor D. J. Finney in An Intro- 
duction to Statistical Science in Agri- 
culture: 
“Numerical values that serve... to 
identify a particular distribution curve, 
as a member of a whole family, are 
termed parameters...” 

I would predict that if the term were 
restricted to numerical values, without 
any gteater precision of meaning, the 
frequency with which it is used would 
be halved. 

1. G. MONTGOMERIE 
Mycology Section, 
Scottish Horticultural Research 
Institute, Dundee, UK 


Electrifying demonstration 
Sir,-The theoretical approach by 
Marble, MacVicar and Roberts 
(Correspondence, July 15, page 171) 1s 
not necessary. For many years, when 
teaching electrostatics to first year 
students, T used to stand on a 5cm 
thick block of paraffin wax and charge 
myself up from a small Van de Graaf 
generator capable of giving 300,000 
volts on open circuit, This made my 
hair stand on end in a convincing 
manner, and the sparks which I could 
get from a hand-held object to earth 
would certainly have ignited any €x- 
plosive gas mixture. 

Without wishing to compete with the 
above authors in numbers of significant 
figures, IT must have reached between 
100,000 to 200,000 volts with respect to 
Earth without harm—incidentally Hus- 
trating for the sake of the students the 
old GEC adage: “It’s the amps, not 
the volts, wot kills yer”. 

J. H. FREMLIN 
Department of Physics, 
University of Birmingham, UK 
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Eukaryotic mRNA: trouble at the 5 -end 


from Beverly Griffin 


Unti recently, the story of the 5- 
termini of eukaryotic messenger RNAs 
seemed consistent and scientifically 
coherent. The evidence emerging 
seemed to confirm two separate con- 
clusions. First, eukaryotic messenger 
RNAs contain 7-methylguanosine tri- 
phosphate, m'G(S’)ppp(S)X, at their 
5’-ends. To use the terminology intro- 
duced by Rottman er al., they are 
“capped”. 

This seemed to hold true for mRNAs 
from a large number of cells: mouse 
myeloma cells? and L cells’*, HeLa 
cells, Novikoff hepatoma cells’, 
Erhlich ascites carcinoma cells’, brine 
shrimp (Artemisia salina) cells’ and 
silk fibroin (Bombyx mori) cells”. 

The same 5’-terminal ends were 
found for mRNAs from both DNA and 
RNA viruses, such as: reovirus’, New- 
castle disease virus”, vaccinia virus“ t, 
Sindbis virus®™":; avian sarcoma (ASV) 
virus"**, vesicular stomatitis virus*’”’, 
adenovirus’, and cytoplasmic poly- 
hedrosis virus”. They were also found 
in several plant viruses: tobacco 
mosaic (TMV) virus”, alfalfa mosaic 
virus”, and brome mosaic virus”. 


Translation requirement 

Second, the presence of the S- 
terminal 7-methylguanosine (that is, 
the ‘‘cap’’) is required for translation. 
Two separate, but related, studies using 
mRNAs from reovirus or VSV showed 
that the removal of the cap resulted in 
a loss of translational activity in in 
vitro protein synthesising systems”, 

Following on these findings, other 
results on the how and when and where 
began to emerge. Aurin tricarboxylic 
acid (ATA) which inhibits translation, 
was found by Both er al. also to 
inhibit messenger RNA methylation, 
leading them to suggest that the cap 
structure is important in messenger- 
ribosome complex formation, the 
absence of 7-methylguanosine mar- 
kedly reducing formation of the 
complex. Rose” showed that messenger 
RNAs with 5’-triphosphate ends, but 
no 7-methylguanosine, were present in 
YSV but were not found on ribosomes; 


he therefore postulated that capping 
might have a role in ribosome recogni- 
tion of mRNA. Further corroboration 
and refinement came from the results 
of Roman er al”, who, studying 
mRNA binding in a fractionated wheat 
germ system, obtained results which 
suggested that the capped mRNA was 
essential for the interaction of the 40S 
ribosomal subunit with the 60S subunit 
to give the 80S ribosomal complex; in 
competitive inhrbition studies, 7-methyl- 
guanosine-5’ phosphate was found to 
have no effect on the formation of the 
40S complex, but to inhibit the transi- 
tion of the 40S ribosome-met-RNA Y 
complex to the 80S ribosome complex. 
Similar experiments were carried out in 
other laboratories and similar results 
obtained*®”*. In some interesting 
studies with model compounds, Both 
et al. found that the presence of 7- 
methylguanosine triphosphate at the 
5’-end of some ribopolymers was not in 
itself sufficient to ensure ribosomal 
binding. For example, capped poly- 
riboadenvlic acid did not bind to any 
significant extent, whereas capped poly- 
ribouridylic acid could form 40S com- 
plexes, and capped ribopolymers con- 
taining both A and U could form 805 
complexes. Their results strongly im- 
plicated not only the 7-methylguanosine 
in ribosome binding, but also pointed 
to the need for sequences rich in A and 
U for stable binding. It does seem im- 
portant to note here that some ribo- 
polymers such as (A,U), bound stably 
to ribosomes (even though they did not 
contain a 7-methylguanosine cap). The 
dependence on the presence of adeno- 
sines and uridines for stable complex 
formation between eukaryotic mRNA 
and ribosomes makes the sequence of 
brome mosaic viral RNA fragment 
protected by eukaryotic ribosomes all 
the more interesting; Dasgupta et al.” 
found the sequence which precedes the 
translation start signal in this message 
to be m’GG)-pppi5)GUAUUAADA 

., a sequence notably rich in A and 
U. 

For a further probe into the role of 
capped mRNAs in protein synthesis, 
Shafritz et al.** studied the interaction 


of mRNAs from VSV, EMC, and his- 
tone mRNA with purified initiation 
factors. They demonstrated complex 
formation between mRNAs and factors 
IF-MP, IF-M3, and IF-M2A (but none 
with IF-M2B). For inhibition studies, 
they used excess 7-methylguanosine 
triphosphate, and in only one case, that 
with IF-M3, was this nucleotide able to 
inhibit messenger-factor complex for- 
mation. Their conclusion from their 
studies was that initiation factor IF-M3 
might be essential for the binding of 
certain mMRNAs to ribosomes. 


Exceptions 

So far, so good. And now the 
trouble starts, and we come to the 
findings that begin to question the 
validity of the above observations as 
generalisations to all eukaryotic 
mRNAs. Two papers which appeared 
simultaneously say that polio viral 
mRNA is not capped by its 5’-terminal’s 
being pUp*’’**. Moreover, encephalo- 
myocarditis (EMC) virus mRNA ap- 
pears to contain no capped 5’-end”, 
nor do the mRNAs from the plant 
virus, satellite tobacco necrosis (STNV) 
virus’, So not all eukaryotic MRNAs 
are capped. 

Moreover, a paper has now appeared 
which says that translation does not 
require 7-methylguanosine; Rose and 
Lodish*" were able to translate mRNAs 
of VSV in an in vitro system even after 
the terminal 7-methylguanosine had 
been removed. Thus, translation of 
some messengers in some protein syn- 
thesising systems may not require the 
terminal cap. 

To add further to the uncertainties, 
Filipowicz er al.” find a cap-binding 
protein in extracts of brine shrimp 
embryos, but this protein which binds 
to mRNAs and is postulated to pro- 
mote binding to ribosomes, is not IF- 
M3, nor indeed does it appear to be 
any of the other protein initiation 
factors. 

It is clear from the paradoxes men- 
tioned above, that different as well as 
better-defined experiments need to be 
carried out in order to reach definite 
conclusions about the structure and 
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function(s) of the 5’-end of eukaryotic 
mRNAs. With few exceptions, most of 
the studies to date have been so similar 
in kind that if a trap is there, 1t would 
have captured in turn almost every 
investigator. For example, most studies 
on mRNA have been carried out on 
species purified via the polyadenylated 
3’-ends of the RNAs. But not all 
mRNAs contain poly(A), and who can 
yet say that poly(A) may not be added 
merely to “store” mRNAs until they 
are needed, and then removed to pro- 
duce “fuctioning’’ messages? (Marbaix 
et al., point to the role of poly(A) 3’- 
terminal sequences as one of stabilising 
eukaryotic mRNAs.) Moreover, most 
studies on the function of the cap at the 
5’-end of mRNAs have used mixtures of 
messenger RNAs and the wheat germ in 
vitro translating system. (There are a 
few exceptions to this criticism. For 
example, see Yang et al.” and Shafritz 
et al.” for use of the rabbit reticulocyte 
cell-free protein synthesising system.) 
Even after considering the exceptions, 
it is not clear whether one is justified 
in drawing firm conclusions about 
mRNAs from a single protein syn- 
thesising system. It seems from the 
data accumulated so far that studies on 
mRNAs may merely reflect the idio- 
syneracies of the individual in vitro 
translation systems. Moreover, with the 
mRNAs that fail to be translated, no 
real proof exists that the chemical pro- 
cedures used to remove the capped 
ends have not damaged the RNAs in 
other ways. Rose and Lodish“ say: 
“We initially had great difficulty recov- 
ering translatable VSV mRNA after 
periodate-oxidation and #-elimination, 
and clearly did not completely over- 
come the problem of degradation. 
Thus, we suggest that similar studies 
indicating a requirement for 7-methyl- 
guanosine in translation of cellular 
mRNAs should be more carefully con- 
trolled for possible non-specific effects 
of the chemical procedure”. 

If 7-methylguanosine survives as a 
requirement for translation for most 
mRNAs and in most protein syn- 
thesising systems (as well as in the 
cell?), it will be interesting to see 
whether mRNAs for which no cap has 
been found, such as those from polio- 
virus or EMC, have a 7-methylguano- 
sine (as a modified base) anywhere near 
their 5’-termini. 


More about the §’-end 

What else do we know about the 5’- 
ends of eukaryotic mRNAs? Most 
eukaryotic mRNAs, in addition to con- 
taining 7-methylguanosine triphosphate 
at their 5’-ends, also appear to contain 
2’-O-methylated bases as the first, and 
frequently the second, nucleoside fol- 
lowing the capped end. Some excep- 
tions to this have been found, notably 
among the viral mRNAs. (For ex- 
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Salt on roadside verges 


from Peter D. Moore 


Tue impact of disturbance upon the 
flora of roadside verges is a subject 
of considerable interest to conser- 
vationists and to environmental 
planners, for the habitat occupies a 
large area of our country and provides 
an opportunity for combining utility 
with aesthetic and scientific interests. 
In the main, interest has centred upon 
such effects as lead pollution from 
motor exhausts, but an additional 
stress imposed on these verges is pro- 
vided by the salt which is applied to 
roads in winter. 

The problem was recognised and 
discussed by Westing (Phytopathology, 
59, 1174; 1969) in America where, at 
the time of his survey, some 6 x 10° 
tons of salt were applied to the high- 
ways of the northern states during 
the winter. This figure was increasing 
by about a million tons every year. 
In the United States, applications of 
6 kg m™ along the side of the road 
are frequent. In Britain, Davison (J. 
appl. Ecol., 8, 555; 1971) estimated 
that applications of 3 to 4 kg m” 
were experienced by the roadside 
verges of Northumberland. 

The presence of salt in the soil 
lowers the water potential and in- 
fluences soil structure, which may 
make water less available and reduce 
aeration for the resident plants. The 
effects on trees have caused concern 
in the United States, where Westing 
(Econ. Bort., 20, 196; 1966) has de- 
scribed a decrease in the population 
of the sugar maple (Acer saccharum) 
caused by a combination of drought 
and salt applications. Low rainfall in 


ample, see the references to Newcastle 
disease virus, Sindbis virus and TMV 
virus MRNAs.) Structures of the type 
m’ GO’ yppp)X™pYp are now being 
called cap I structures and those of 
the type m’G(S’)ppp(S)X™"Y™pZp are 
being called cap H structures”. Perry 
and Kelley have carried out a very 
interesting study on the kinetics of 
methylation of the S’-ends of mRNAs. 
Their results suggest that the 5’-ter- 
minal cap I structures of mRNAs are 
derived from capped heterogeneous 
nuclear RNA and are conserved during 
processing. Cap TI structures, on the 
other hand, are not found in the cell 
nucleus, but arise by a secondary 
methylation after the mRNAs have 
entered the cytoplasm. This secondary 
methylation appears to be restricted to 
a particular subclass of mRNAs which 
have a high frequency of pyrimidine 
nucleosides at position Y (see above), 
and are among the more stable 


summer, of course, can result in re 
duced leaching and the persistence of 
salt applied during the winter. 

In Britain, trees are not permitted 
to grow close to the edge of roads, so 
are not subjected to the greatest 
stress; this is felt instead by the char- 
acteristic grasses and herbs. Analysis 
of verge soils by Davison (op. cit.) 
showed that sodium levels in April | 
could be ten times those in unaffected 
grassland, but usually fell to normal 
by September. Sodium concentrations 
in plant leaves were often five to ten 
times the normal level. 

It may be expected that the con- 
tinued application of salt to roadsides 
would result in the selection of more 
tolerant species and this has now 
been observed by Matthews and 
Davison (Watsonia, 11, 146; 1976) in 
areas around Newcastle-upon-Tyne, 
Northumberland. In a survey of | 
changes in roadside flora they de- 
scribe reduced species diversity and 
the selection of resistant species. They 
also describe an invasion of maritime | 
species, such as Aster tripolium, Puc- 
cinellia maritima, Plantago maritima | 
and Sueda maritima up to 13 km | 
from the sea. These halophytic species | 
have been particularly effective in the 
colonisation of new (less than 3-vr old) 
roads, It is likely that these species | 
have been brought in as seeds on the | 
wheels of vehicles. [t will be interest- | 
ing to see whether the development 
of a saline roadside flora continues 
along our highways in a simHar | 
manner to the establishment of a 
railway flora in the last century. 


EP ee: 


mRNAs. Studying MRNA from cyto- 
plasmic polyhedrosis virus, Shimotchno 
and Miura” have shown that methyla- 
tion at the messenger S’-end occurs first 
at the 7-position of guanosine, and only 
after chain elongation has proceeded 
for a few nucleotides is the 2’-position 
of the first base which follows the cap 
structure (adenine, in this case} 
methylated. 

(The discovery in cell extracts of 
enzymes which cleave at the Y terminal 
and remove the cap will no doubt help 
resolve some of the problems and con- 
flicts now being encountered in studies 
on eukaryotic mRNAs. Three papers 
have appeared which report on the 
presence of such an enzyme activity in 
HeLa cells’, in extracts from brine 
shrimp**, and in cultured tobacco 
cells”. 

One of the early papers in this field, 
and probably the one which was most 
influential in bringing the capped ends 
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oF mRNAs to the attention of the 
scientific public was the paper by 
Rottman, Shatkin and Perry’ entitled 
“Sequences Containing Methylated 
Nucleotides at the 5’ Termini of Mes- 
senger RNAs: Possible Implications 
for Processing’. In one of the most 
important papers to appear and chal- 
lenge the ideas widely quoted (and 
therefore beginning to be accepted as 
dogma) on the function of the cap in 
eukaryotic mRNAs, Rose and Lodish® 
say that their (conflicting) results “‘sug- 
gest that methylation is involved in 
synthesis or processing of (VSV) 
mRNAs into the correct poly(A)-con- 
taining mRNA species’. And so, have 
we gone through so much only to come 
full circle? 

I should like to conclude by making 
a few remarks. First, 7-methylguano- 
sine is an extremely interesting mole- 
cule. One of the early papers on capped 
structures referred to the cap as a 
“bizarre”? structure’. The better word 
might be “versatile”. Haines er al" 
found 7-methylguanosine to have a 
potentiometrically determined pKa of 
7.0. This means that at pH 7.0, it exists 
as an equilibrium between two ionic 
forms: 


iDo o CH, (2) O CH, 
1? i g 
HN if S a N a cy 5 
H NSN HNIS = 
RIBOSE RIBOSE 


iand its tautomer} 


Lower the pH, and form (1) 
becomes more important. Raise the 
pH, and form (2) becomes more im- 
portant. The implications of this are 
that the capped structure would be 
expected to be remarkably sensitive to 


localised pH changes within the cell. 

In an unusually interesting paper in 
a too-neglected field, Seeman et al.“ 
have studied sequence specific recogni- 
tion of nucleic acids by proteins. For 
double-helical RNA (or DNA), their 
analyses lead them to conclude that 
whereas single hydrogen bonding inter- 
actions were inadequate to explain the 
specific protein-nucleic acid complexes 
they observed in model studies, pairs of 
hydrogen bonding interactions might 
play a role in protein-nucleic acid 
recognition. To return to the capped 
structure, within this structure (even 
ignoring any effects due to phospshate 
groups) would appear to be the requi- 
site qualifications for specific inter- 
actions with proteins; cursory 
examination would suggest a possible 
stable interaction with, for example, 
the guanidinium group of an arginine 
molecule. With a slight change in pH, 
the tautomeric form of 7-methyl- 
guanosine could change and the com- 
plex be thereby strengthened, or 
weakened, depending on the nature of 
the change. The word versatile reflects 
the potential of the capped structure 
to respond in a very sensitive way to 
its environment; its environment in 
turn can confer on it the properties for 
self-regulation, whether in messenger 
binding or processing or transport. 

The questions raised by the presence 
(or absence) of the cap at the 5’-ends 
of eukaryotic mRNAs ‘have clearly 
stimulated considerable interest, and 
even that form of excitement which is 
so important to scientific research. But 
the tale is unfinished. And so, the 
reader is left with the opportunity to 
carry on with the story... . 


Why do stars twinkle? 


from B. J. Uscinski 


ALTHOUGH the twinkling of stars is 
apparently a simple phenomenon, the 
theory which has been developed to 
explain it is anything but simple. The 
article by Jakeman, Pike and Pusey on 
page 215 of this issue of Nature, shows 
that it is now possible to test the 
validity of the new multiple-scatter 
theory which has evolved over the past 
10 years. This is an important step 
forward, since the theory is essential 
rot only for the study of optical scin- 
tillation, but also in investigating the 
scintillation of quasars and pulsars 
caused by the interplanetary and inter- 
stellar media respectively. Up till now 
it has not been possible to make satis- 
factory experimental tests of the new 
body of multiple-scatter theory since 
detection and recording techniques 
have not been sensitive enough. 

The early 1960s saw the beginning of 


serious efforts to study the propagation 
of waves in media containing random 
irregularities of refractive index. One 
of the first attempts to deal with the 
case when the intensity fluctuations of 
the wave become large was the so 
called ‘Method of Smooth Perturba- 
tions’. (Obukhov, /zyv. Akad. Nauk 
SSSR, ser. geofiz., No. 2, 155; 1953). 
This method became widely known, 
having appeared in a book by Tatarsky 
(Wave Propagation in a Turbulent 
Medium (trans. by R. A. Silverman), 
McGraw-Hill, New York, 1961), but it 
was soon realised that it was not valid 
for the case of multiple scatter (Bara- 
banenkov ef al., Usp. fiz. Nauk, 102, 
1; 1970). Subsequent methods based on 
repeated application of the Born 
approximation were able to deal 
adequately with the multiple-scattering 
of waves in media where the perturba- 
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tion caused by a single irregularity is 
small (Shishov, /zv. Vyssh. Ucheb. 
Zaved. Radiofizika, 11, 866; 1968; Ta- 
tarsky, Zh. Eksp. Teor. Fiz., 56, 2106; 
1969: Beran and Ho, J. opt. Soc. AM., 
59, 1134; 1969). This came to be 
known as the Markov approximation, 
and such media as “weakly irregular” 
media. 

The new theory is based upon a set 
of partial differential equations for the 
various moments of the field, and 
theoreticians generally agree that they 
are valid in the case of multiple 
scatter (Barabanenkov, op. cit). The 
equations have several interesting 
features. First, the variables can be 


sealed in such a way that each equa- 


tion contains only one parameter, 
which is the same for all the equations 
(Barabanenkov, op. cit.). Hence all 
weakly irregular media can be classified 
as regards their scattering properties 
in terms of a single parameter. Second, 
the level of intensity fluctuations, some- 
times called the “scintillation index” 
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or the “normalised contrast”, found by 
solving the equation for the fourth 
moment exhibits peaks or foci where 
values well in excess of unity occur in 
certain conditions (Dagkesamanskaya 
and Shishov, /zv. Vyssh. Ucheb. Zaved. 
Radiofizika, 13, 16; 1970; Shishov, ZA. 
Eksp. Teor. Fiz., 61, 1399; 1971). 
Finally, a marked reduction in the 
scintillation index or normalised con- 
trast is predicted when the signal is 
received over a wide frequency band. 

It is indeed interesting that Jakeman 
et al. have been able to observe these 
last two effects. As the authors point 
out, earlier failures to observe the pre- 
dicted effects have probably been due 
to instrumental insensitivity and aver- 
aging of the response. They do not 
necessarily indicate that the theory is 
wrong. The new detection techniques 
can now be put to an obvious afd 
necessary use. Multiple scatter theory 
can be tested experimentally. This is 
essential since the theory is widely used 
as the basis for investigating stellar 
objects, as well as various aspects of 
both the interstellar and interplanetary 
media. It is also used when probing the 
atmosphere with laser beams. 

The tests would have to be carried 
out in controlled conditions in a labo- 
ratory. As Jakeman et al. remark, 
some of the effects to be measured are 
heavily dependent on the model. If 
naturally-occurring irregular media are 
used it is difficult to measure the auto- 
correlation function and scale size of 
the irregularities. Moreover, there 
could well be a mixture of scale sizes 
present, and the statistics of the 
medium could be non-stationary. A 
stationary irregular medium with a 
single scale size and an autocorrelation 
function which can be determined 
could be synthesised in the laboratory 
from irregular plastic layers for ex- 
ample. In these conditions the new 
detection techniques would allow the 
predictions of multiple-scatter theory 
to be systematically verified, especially 
the focusing effect and the classifica- 
tion of media in terms of the single 
parameter. 

In addition, the probability distribu- 
tion of the wavefield could be deter- 
mined for different scattering regimes. 
It has sometimes been asserted, with 
little theoretical justification and no 
qualification, that the logarithm of the 
amplitude is normally distributed. 
There seems to be more reason to 
suspect that the probability distribution 
is different for different regimes, and 
while being similar to a log-normal 
distribution in some circumstances is 
more like a Gaussian in others (Bara- 
benkov, op. cit.). 

Until controlled tests of this type are 
carried out, multiple-scattering theory 
will remain open to doubt and 
criticism. C 
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New limits on variability of 
fundamental physical quantities 


from Paul Davies 


One of the greatest mysteries of nature 
is why the various dimensionless ratios 
of fundamental physical quantities take 
the apparently arbitrary values that we 
find for them. Why, for example, 
Should the proton mass Mp be 1836.1 
times greater than the electron mass Me 
and not some other, equally meaning- 
less, number? Or why should the 
square of universal electronic charge, 
e’, be 1/137.036 times the product of 
Planck’s constant A and the speed of 
light c? If any old numbers will do, why 
not something elegant, like 1 or m? 

Three schools of thought have arisen 
about these ratios. One supposes that 
the numbers are not arbitrary at all, but 
will emerge as a precise result from a 
future theory of matter, in the same 
way that the anomalous magnetic 
moment of the electron (0.00116 times 
the “normal” magnetic moment) may 
now be derived from quantum electro- 
dynamics. The second does not attempt 
to explain these numbers, but points 
out that if they were very different from 
their observed values, it may not be pos- 
sible for them to be observed—because 
the existence of living organisms (to do 
the observing) depends on many com- 
plicated processes more or less sensi- 
tive to these values. 

The final school of thought is a more 
radical one, proposing that the num- 
bers actually observed are indeed 
nothing special, because those numbers 
are not in fact constant, but are chang- 
ing with time. Thus, the values 1836.1 
or 137.036 for example, are just the 
1976 values, and have no fundamental 
significance. 

The reasoning which led to this idea 
arose in the 1930s from a study of 
cosmology. Several physicists and 
astronomers, most notably P. A. M. 
Dirac and A. S. Eddington, drew 
attention to the very large dimension- 
less ratio which one obtains by express- 
ing the age of the universe in atomic 
units of some sort. This number is 
about 10°. By apparent coincidence, 
10” is roughly the same ratio by which 
electric forces are stronger than gravi- 
tational forces between two atomic 
particles. Dirac argued that any 
fundamental theory of matter would 
be unlikely to throw up a number so pre- 
posterously large as 10° so that perhaps 
the latter ratio is actually determined 
by the former, that is that there is a 
causal connection between these two 
large numbers. If that is so, then as the 
Universe grows older, and the first ratio 
increases, so must the force of gravity 
dwindle in relation to electromagnet- 





ism. This could come about by a 
decrease of Newton's gravitational 
“constant” G, for example, or by an in- 
crease of the electronic charge e. 

Fortunately, it is possible to provide 
observational checks on the hypothesis 
that some of these ratios may be time- 
dependent. This is because modern 
technology enables us to study matter 
in regions of the Universe which are 
so distant that the light from them has 
taken several billions of years to reach 
us. Therefore, we see those regions as 
they were when the Universe was only 
a fraction of its present age. Any 
variation in the numerical ratios which 
is based on a cosmological cause might 
therefore be expected to show up in 
the spectra from distant galaxies or 
quasars. The redshift of the spectral 
lines fixes the distance, and hence the 
age of the source according to Hubbie’s 
law of the expansion of the Universe. 
But if it is also possible to measure the 
fine structure of the spectral lines (a 
small splitting due to relativistic effects 
in atoms) then a value for the fine 
structure constant a@=e"/fic may be 
determined. In 1967 Bahcall and 
Schmidt were able to fix, using this 
technique, the possible variation in « 
to be below about one part in 10° per 
year, thus ruling out the theory that G 
is fixed and e increases in proportion 
to the age of the Universe (about | part 
in 10° per year). 

Recently, not only fine structure, but 
hydrogen hyperfine structure has 
been detected in a very distant radio 
source. This hyperfine structure is an 
electromagnetic effect which depends 
on the small coupling between the 
proton and electron in the hydrogen 
atom, and its measurement yields a 
value for the ratio œ M./Mp. In a 
recent issue of Physical Review Letters, 
three American astronomers, A. M, 
Wolfe, R. L. Brown and M. S. Roberts 
use the new observation of hydrogen 
hyperfine absorption to fix the variation 
of a’ M./M, to as little as two parts 
in 10“ over at least 35% of the age of 
the Universe (the “look-back” time of 
the source). They also confirm Bahcall 
and Schmidt’s result by observing fine- 
structure in the magnesium spectrum 
from this source. These results taken 
together (and assuming the internal 
structure of the proton does not 
change) completely rule out any small 
power variation of @ or M./M, over 
cosmic time scales. Of course, Dirac’s 
theory can only be ruled out bv 
simultaneously providing a restriction 
on the variation of G, a much more 
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difficult task. 
Although this is a negative result, the 


importance for theoretical physics of 


keeping the natural constants constant 
makes these occasional cosmological 
checks well worthwhile. In the absence 
of a theory of natural constants, the sig- 
nificance of their numerology will have 
to be left to the philosophers to ponder, 


Herpes virus 
induction 
of F. receptors 


from R. $. Kerbel 


WHEN cells are infected with viruses or 
are transformed by oncogenic viruses, 
alterations in plasma membrane com- 
ponents often occur. The character- 
istics of these surface changes and how 
they may relate to the biological 
behaviour of the cells have been 
popular areas of study for both viro- 
logists and immunologists alike. 

One example of how spectacular 
these changes can be concerns induc- 
tion of surface receptors, specifically 
F, receptors. Over 12 years ago, Wat- 
kins noted that cultured Hela cells 
were able to absorb antibody-coated 
erythrocytes and form rosettes after 
the cells were infected with herpes 
simplex type 1 virus (Nature, 202, 
1364; 1964). This was later confirmed 
by Yasuda and Milgrom who used 
various different cell lines derived 
from both man and monkey (Int. Arch. 
Allergy, 33, 151; 1968). 

We now know that a vartety of cells, 
mostly lymphoreticular in nature, have 
surface receptors for the F. portion of 
IgG immunoglobulin molecules (Fe 
receptors). These receptors can be 
detected by erythrocyte—antibody (EA) 
rosette formation. Thus, it seems that 
infection with herpes simplex virus 
(HSV) results in induction of F, re- 
ceptors, a conclusion substantiated by 
Yasuda and Milgrom who showed that 
virus-infected cells could not absorb 
erythrocyte coated with F(ab’). anti- 
body fragments, but only with the fully 
intact antibody molecules. 

The gene which codes for the 
receptor seems to be virally coded, and 
not a repressed host gene switched on 
by viral infection (Westmoreland and 
Watkins, J. gen. Virol., 24, 167; 1974). 
Subsequent studies have shown that 
mammalian cells such as hamster 
embryo fibroblasts oncogenically trans- 
formed by inactivated HSV types | and 
2 can also display F. receptors (West- 
moreland, Watkins and Rapp, J. gen. 
Virol, 28, 167; 1974). 

It was only natural to ask whether 
other members of the herpes family of 
viruses could also induce the appear- 


ance of Fe receptors in infected cells 
and an affirmative answer was recently 
provided by Furukawa et al. who found 
human fibroblasts displayed F. re- 
ceptors after infection with human 
cytomegalovirus (J. clin. Microbiol., 2, 
332; 1975), an observation also made 
by Rahman er al. (J. Immun., 117, 253; 
1976), Keller et al. (J. Immun., 116, 
772; 1976} and Westmoreland, Jeor and 
Rapp (J. Immun., 116, 1566; 1976). 

Now that every type of cell thus far 
tested from over six different spectes 
has been shown to develop Fe receptor 
sites after infection by at least two dif- 
ferent herpes viruses, the possibility 
looms larger than ever that these re- 
ceptors have a role in the natural 
history of herpes virus infections. It 
has been suggested by Westmoreland 
and Watkins and also by Costa and 
Rabson (Lancet, i, 77; 1975) that the 
development of F, receptor sites may 
play a part in conferring a biological 
advantage on the virus and therefore 
in maintaining the latent nature of 
herpes infections, since the coating of 
infected cells with IgG molecules or 
immune complexes by the Fe region 
of the immunoglobulin molecules might 
protect the cells from the destructive 
effects of potentially cytotoxic anti- 
bodies and lymphocytes. 

Lehner, Wilton and Shillitoe (Lancet, 
ii, 60; 1975) suggested an alternative 
way in which Fe receptors may be 
involved in the latent and recurrent 
nature of HSV infections, namely 
“double” binding of anti-HSV IgG 
antibodies to virus-infected cells to in- 
duced F, receptors and HSV surface 
antigens, by way of their Fe and Fa, 
portions, respectively. The F, portion 
of the anti-HSV antibodies would then 
be unavailable for either complement 
binding or for F. receptors on effector 
cells capable of mediating antibody- 
dependent cell-mediated cytotoxicity. 
Lehner et al. also speculate that the 
spread of putative HSV-induced squa- 
mous cell carcinomas might also be 
facilitated by double-binding of F. 


receptors and HSV antigens by IgG 


antibodies on the surface of dividing 
carcinoma cells. If there is indeed a 
relationship between HSV and squa- 
mous cell carcinoma, it will be of 
interest to see whether F. receptors 
can somehow be exploited as a tumour 
cell marker in this particular case. 
The in vivo significance of induced 
F. receptors on herpes virus-infected 
cells awaits further experimentation. 
For the moment, the emphasis is on 
the various practical in vitro considera- 
tions of the phenomenon. A parti- 
cularly illuminating example is the 
recent work of Rager-Zisman, Grose, 
and Bloom (Nature, 260, 369; 1976) 
who found that HSV-infected target 
cells could be non-specifically lysed by 
Fe receptor-positive killer cells in the 
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absence of specific anti-HSV antibodies; 
the authors provided further evidence 
that this phenomenon might be 
mediated by the cross-linking of 
effector cells and target cells, both dis- 
playing F. receptors, by aggregated 
immunoglobulins or soluble immune 
complexes present in the serum of the 
culture medium. This supports the sug- 
gestion first made by Lehner et al. (op. 
cit.) that complexes of HSV and IgG 
antibodies might bind to Fe receptors 
of both HSV-infected target cells and 
effector cells resulting in killing of the 
target cell. 

Immune complex (or aggregated Ig)- 
dependent cell-mediated cytotoxicity 
may therefore represent one of the 
mechanisms by which F. receptor- 
positive lymphocytes from normal 
donors can spontaneously lyse tumour 
target cells in vitro, a phenomenon 
observed by several investigators (for 
example, Pross and Jondal, Clin. exp. 
Immun., 21, 226; 1975; Bean et al., 
Cancer Res., 35, 2902; 1975) and 
which has often been a serious tech- 
nical problem in specific cell-mediated 
microcytotoxicity assays. If so, the use 
of F, receptor-negative tumour target 
cells or culture media free of immune 
complexes and/or aggregated Ig should 
minimise or even prevent, in some 
cases, spontaneous lymphocyte-mediated 
cytotoxicity. Q 


Plant-microorganism 
interactions 


from R. M. Cooper 





wall bio- 
chemistry related to specificity in 


A symposium on cell 


host-plant pathogen interactions 
(organised by J. Raa and B. Solheim) 
was held at the most northerly uni- 
versity in the world in Tromsö, 
Norway on August 2-6, 1976. The 
proceedings of the meeting are to 
be published. 





THe molecular basis of the specific 
parasitism or symbiotic associations 
of certain microorganisms with a 
plant species, or even variety, has 
fascinated but eluded scientists for 
many years. One such specific inter- 
action is the so-called ‘gene-for-gene’ 
relationship between biotypes of plant 
pathogens and their hosts ‘evoived’ as a 
result of pathogens’ overcoming new 
resistance genes introduced by man into 
crops. Similarly the symbiotic associa- 
tion between roots of legume species 
and strains of the soil bacterium 
Rhizobium (a major source of 
biologically-fixed nitrogen) can exhibit 
a marked degree of specificity. These 
two types of specificity comprised the 
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main theme of this excellent sym- 
posium. 

Several examples of cell-cell re- 
cognition involve interaction of surface 
carbohydrates or glycoproteins of one 
cell and a protein of the other; such as 
mannoproteins in sexual mating in the 
yeast Hansenula wingei (C. Ballou, 
University of California), O-antigen in 
attachment of phage to bacteria, single 
terminal glycosyl residues as determin- 
ants of red blood cell types and glyco- 
proteins in aggregation of sponge cells. 
Recently carbohydrates from cell wall 
surfaces of pathogenic fungi have been 
implicated in specificity by their ability 
to induce differentially antifungal com- 
pounds—phytoalexins—in resistant and 
susceptible host plant cells (Keen, 
Science, 187, 74-75; 1975). P. Albers- 
heim’s group (including A. Ayers and 
B. Valent, University of Colorado) 
reported extensively on their findings 
with these ‘elicitors’. Initially they 
isolated and partly characterised them 
from culture filtrates of Colletotrichum 
lindemuthianum (bean pathogen) and 
Phytophthora megasperma var. sojae 
(Pms) (soybean pathogen), and sub- 
sequently found them to be an integral 
part of the fungal cell wall as Pms 
elicitor could be released from walls 
using a technique designed to remove 
surface antigens from yeast. Purified 
Pms elicitor induced  phytoalexin 
accumulation in soybean, at the same 
rate as during infection by Pms, when 
applied to plant tissue in extremely low 
amounts (10° mol). It is a small (less 
than 25 glycosyl residues) predomin- 
antly B-1,3-glucan, dependent for induc- 
ing activity on terminal sugar residues. 
Although elicitors may have a critical 
role in pathogenesis they do not seem 
to determine specificity, since : elicitors 
from different races of the two fungi 
appear identical; response of resistant 
and susceptible host varieties is similar: 
similar elicitors to Pms are found in 
two saphrophytic yeasts, which suggests 
that plants respond to microorganisms 
by recognising a few common elicitors. 
An exciting offshoot of this work could 
be the development of elicitors as non- 
toxic fungicides. 

Agrobacterium tumefaciens induces 
tumours in a wide range of dicots and 
gymnosperms but not monocots. Pre- 
requisites for infection involve wound- 
ing of the host and attachment of 
virulent bacteria within 15min of 
inoculation; avirulent strains are unable 
to attach. J. A. and B. B. Lippincott 
(Northwestern University, — Illinois) 
found that the bacterial binding site 
resided within the polysaccharide 
moiety of the lipopolysaccharide (LPS) 
from the outer cell envelope: this frac- 
tion when isolated from virulent but 
not from avirulent strains inhibited 
tumour formation by competing with 
bacteria for host attachment sites, 


Counting globin genes 


from Pamela Hamlyn 


Tue molecular biology of abnormal 
human haemoglobins, and the study of 
haemoglobin variations within popula- 
tions, not only provides explanations for 
clinically observed symptoms of diseases, 
but also acts as a model for the under- 
standing of the biochemical genetics of 
other inherited traits. Simplicity is not 
one of the virtues of this particular 
model system. There are six main 
globins, a to C, which combine in 
different ways to form the various 
haemogiobins. The € and ¢ chains are 
present only in the first few weeks of 
foetal life. 

Nucleic acid hybridisation techniques 
have shown that there are two genes 
coding for a-globin, one for $ and one 
for 5. And now, to complete the count 
of the major globin genes, the number 
of y-globin genes has been directly 
estimated (Old et al., Cell, 8, 13; 1976). 

Two types of y-chains are found in 
normal foetal haemoglobin, differing 
only at amino-acid position 136 which 
can be either alanine or glycine. The 
simplest interpretation of this would be 
that there are two structural genes for 
y-globin. However, the proportions of 
the two types of y-globin change after 
birth, and also y-chain mutants do not 
occur in the ratio predicted if there are 
only two fully expressed genes. These 
observations have led to the suggestion 
that there are two major and two minor 
y-globin genes (Huisman ef al, Ann. 
N.Y. Acad. Sci., 165, 320; 1969). 

Because there are several steps 
between the transcription of the gene 
and the appearance of the protein, 
direct measurements of the number of 
genes are necessary; deductions made 
from the protein ratios are not sufficient. 
This was achieved by Old and his 
colleagues using a probe for y-globin 
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genes. Messenger RNA from foetal red 
blood cells was reverse-transcribed to 
provide cDNA complementary to a, B 
and y mRNA. Hybridisation of these 
cDNAs to adult blood mRNA, which 
contains only a and B mRNA, left the 
y cDNA unhybridised and it was 
isolated from the hybrids. The purified 
y cDNA was then hybridised to total 
human DNA in cDNA excess and the 
amount of cDNA needed to saturate the 
cell DNA was measured. The hybridisa- 
tion of B-globin cDNA to total cell DNA 
was used as a comparison since it is 
known that there is one B-globin gene. 
The results confirmed that the number 
of copies of the B-gene was one, and 
showed that there were two genes for 
y-globin. The different ratios. between 
the two y-globins which occur during 
development must therefore be due to 
differential gene transcription, or mRNA 
translation, rather than to gene dosage. 

The method used in this study to 
determine gene number relies on the 
measurement of the rate and final 
extent of hybridisation with the probe 
in excess. This has a greater accuracy 
than the previously used method 
(Ottolenghi et al., Proc. natn. Acad. Sci. 
U.S.A., 72, 2294; 1975) which relied on 
the measurement of the Cyt, when 
cDNA was hybridised back to excess 
total DNA. This is because with the 
saturation method a doubling in the 
gene number results in a doubling of the 
final plateau value, whereas in the other 
method the estimate of gene number 
depends on a small difference in the 
Ct} normally measured on a logarithmic 
scale. Using the saturation method of 
determining gene number it will be 
possible to determine the frequency of 
globin gene duplication in human 
populations. 





showing that LPS determined the speci- 
ficity of attachment. The host com- 
ponent of attachment was in the cell 
wall as purified walls also inhibited 
tumour formation by competing for 
bacterial sites. The active fraction was 
polygalacturonide which was inhibitory 
at less than Ingml™. In contrast 
monocot cell walls gave little or no 
inhibition of tumour induction, thus 
the inability of the bacterium to infect 
this group may result from lack of 
attachment sites. This is an interesting 
contrast to results of T. Graham and 
L. Sequeira (University of Wisconsin) 
on infection of tobacco by Pseudomonas 
solanacearum, in which avirulent 
strains attach to mesophyll cell walls 
and become rapidly enveloped by 
material, whereas virulent strains 
remain unattached and multiply freely. 
Binding may be determined by host 


lectins (glycoproteins with diverse pro- 
perties, for example haemageglutination) 
which agglutinated avirulent but not 
virulent cells because of the possession 
of extracellular polysaccharide by the 
latter, 

Many other aspects of host—parasite 
interaction were considered, inchiding 
plant cell wall structure, induction, 
repression and modification of patho- 
gens’ polysaccharidases, lignification, 
and degradation of fungal cell walls by 
host enzymes: however, these were dis- 
cussed in terms of general rather than 
specific resistance. Some perhaps un- 
expected results were presented by H. 
Mussell (Boyce Thompson Institute, 
New York) implying interactions be- 
tween pectic enzymes (PG) and host 
cell walls in specificity for Verticillium 
wilt of cotton; purified fungal PG 
induced symptoms only in susceptible 
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cotton cultivars. This may be partly 
due to the ability of ‘resistant’ walls to 
bind rapidly more PG than ‘susceptible’ 
walls, and the release of extra proteins, 
including peroxidase and IAA oxidase 
(both of which may be involved in 
symptom expression) from susceptible 
walls by PG. 

Intriguing results were reported on 
hest-symbiont interactions in which 
recognition and attachment of com- 
patible rhizobia is the first stage before 
infection and nodulation of root hairs. 
Most evidence implied that recognition 
may depend on interactions between 
root lectins and bacterial surfaces. For 
example, W. D. Bauer (C. F. Kettering 
Research Laboratory, Ohio) found that 
soybean lectin only binds to living cells 
of symbiotic strains of R. japonicum 
and not to non-symbiotic strains, 
although there were some exceptions 
reported by J. Paxton (University of 
lllinois) and F. B. Dazzo (University 
of Wisconsin). Albersheim’s results 
implied that the active bacterial surface 
component is LPS, as lectins from 
four legume species only interacted 
with the LPS of their corresponding 
symbionts. These lectins also had 
enzymic activity (against LPS) which 
may be a prerequisite for infection as 
intact LPS of E. coli elicits phyto- 
alexin production; thus lectins may 
provide not only a physical linkage be- 
tween surfaces but could trigger other 
critical events including a localised 
swelling of bacteria and decrease in 
respiration rate. Dazzo extended these 
studies using immunochemical tech- 
niques and found a surface antigen 
unique to infective strains of R. trifolii 
which cross reacted with antigens on 
roots of its symbiont clover; mutation 
to loss of infectivity resulted in loss of 
the antigens. A surface protein from 
clover roots, trifoliin, is specifically able 
to bind to the polysaccharide antigen 
and to agglutinate infective cells, and 
this probably explains specific adsorp- 
tion by providing a bridge between the 
clover and rhizobial antigens. Ed 


Antarctic ice 
and desiccation in 
the Mediterranean 


from A. Hallam 


OnE of the more spectacular results of 
the Deep Sea Drilling Project has been 
the confirmation that the deep Mediter- 
ranean basins are underlain by a thick 
layer of apparently shallow water late 
Miocene (or ‘Messinian’) evaporite 
deposits of the type previously known 


from neighbouring land areas such as 
Italy. These evaporites are covered by 
Pliocene muds containing microfossils 
indicative of deep water conditions. 
For several years widely differing views 
have been put forward to account for 
such a peculiar deep sea occurrence. 
Hsu and his associates have argued that 
the northward convergence of Africa 
on Europe effectively cut off, about 6.5 
million years ago, a series of deep topo- 
graphic depressions in which, following 
desiccation, halite and calcium sulphate 
salts were precipitated in shallow salt 
pans many hundreds of metres below 
ocean level. Following the opening of 
the Straits of Gibraltar in the early 
Pliocene, Atlantic waters cascaded in 
to fill the basins and restore more or 
less normal oceanic conditions. 
Another school of thought rejects this 
interpretation, maintaining that the 
deep sea evaporites were originally 
deposited close to ocean level and 
occupy their present position as a con- 
sequence of substantial post-Miocene 
tectonic subsidence. 

One means of deciding between these 
alternative hypotheses is to examine 
microfossils from deep sea core samples 
taken from the normal marine deposits 
directly below the evaporites. If these 
fossils are closely related to groups 
known to live at great depths in the 
present world ocean then it becomes 
difficult to argue that a shallow Mio- 
cene sea dried up and the present 
Balearic, Tyrrhenian, Jonian and 
Levantine basins were created by sub- 
sequent tectonic subsidence. In the 
proceedings of a micropalaeontologists’ 
symposium held in Tunis (special issue 
of Palaeogeoegraphy, Palaeoclimatology, 
Palaeoecology, 20, 1/2; July 1976), 
Benson reports on ostracods and fora- 
minifera obtained from sub-evaporite 
core material in the Balearic Basin, 
which appear to indicate unequivocally 
water depths in excess of 2,000 m., 
Similar microfossils have been found in 
contemporary sediments in the 
Guadalquivir Basin of southern Spain 
and suggest a continuous oceanic 
passage through that region from the 
Atlantic to the western Mediterranean 
in pre-Messinian times. 

Most of the symposium was devoted 
to discussing the profound effect that 
the so-called Messinian ‘salinity’ or 
‘desiccation crisis’ in the Mediter- 
ranean had on marine faunas. The pre- 
Messinian microfaunas, such as ostra- 
cods and planktonic and benthonic 
foraminifera, were very similar if not 
identical to Atlantic types. Mass ex- 
tinction took place during the desic- 
cation catastrophe but repopulation 
from the Atlantic source commenced 
in the early Pliocene once normal 
marine conditions were restored. The 
effects of the catastrophe on the evolu- 
tion of individual species could well be 
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intriguing but has still not been fully 
evaluated. 

Most scientists who have considered 
these extraordinary events in the geo- 
logically recent history of the Mediter- 
ranean have not sought for a world 
context, but there appears to be good 
support for Berggren’s suggestion that 
the Messinian evaporitic phase corres- 
ponds with a global fall of sea level. 
Ecological analysis of foraminifera sug- 
gests a 40m drop, which is in remark- 
ably close agreement with the eustatic 
fall inferred from oxygen isotope 
data, due to a phase of growth of the 
Antarctic ice sheet at this time. It 
seems as though the structural and 
topographical situation of the Mediter- 
ranean region was such that a compara- 
tively modest drop in sea level was suffi- 
cient to isolate it substantially from the 
world ocean, and well over a million 
years passed before a further eustatic 
rise allowed a normal connection to be 
renewed. 
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A hundred years ago 


THe BRITISH ASSOCIATION 
Giascow, Tuesday 


Tue Association finds a fitting home in 
Glasgow, which has few rivals either 
in earlier or later scientific reputation. 
The force of long-continued scientific 
traditions, added to the present encour- 
agement given to science, and I must 
also say, to the nearness of the finest 
holiday localities, makes this one of the 
most brilliant of recent meetings. Not 
only is the total number of members 
and associates attending very high, over 
2,700, but the true chiefs of science 
are present in great strength. It can- 
not be said that the Association itself 
is this year at all below its high aims. 
The majority of papers are really 
scientific, and do not emasculate the 
truth in the effort to popularise it. Dis- 
cussions have been very interesting, 
judging from the perseverance with 
which they have been listened to. The 
reception given by the people of Glas- 
gow is worthy of the city, although it 
is possible that in the details and refine- 
ments of arrangement, Bristol excelled. 
This was especially manifested in regard 
to same of the excursions. But it is 
evident that the very best efforts of the 
north have been put forth in every 
way, and the general result is undeni- 
ably successful. The charming situation 
of the University Buildings, in which 
all the sections but one hold their meet- 
ings, is a very great advantage. 

From Nature, 14, September 14, 425, 
1876. 
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Calculations for cancer radiotherapy 


with pion beams 
J. E. Turner, R. N. Hamm & H. A. Wright* 
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Clinical trials with negative-pion beams for cancer radiotherapy will begin soon at four special 
facilities in the USA, Canada, and Switzerland. Negative pions are elementary particles which can 
be produced in high energy accelerators and which have properties that make them seem promising 
as a new way of treating tumours. The complex interactions that pions undergo in matter make it 
difficult to calculate dose patterns produced in a body irradiated by a pion beam and to solve. that 
problem a unique combination of research in high energy physics and medicine is needed. Monte 
Carlo computer codes developed for radiation shielding and radiation protection studies have heen 
adopted for use in dosimetry and treatment planning with negative pions. In this paper we briefly 
compare the properties of negative pions with those of other types of radiation and describe some 


calculations that we have made to help assess the potential of negative pions for cancer radiotherapy. 





THE question of negative pions for treating cancer was first 
raised by Fowler and Perkins in 1961'. Although negative 
pions have been available in some physics laboratories since 
the late 1940s?, they have not been produced in sufficient 
intensity for radiotherapy and the large doses needed for treat- 
ment of tumours would have required impractically long 
irradiation times. Today, however, the first studies of pion 
radiation therapy are beginning in new facilities at the Los 
Alamos Scientific Laboratory, at Stanford University, at the 
Swiss Institute for Nuclear Research, and at the Tri-University 
Meson Facility in Vancouver*, as adjuncts to primary research 
programs in physics. Dose rates at these installations are many 
times greater than those available before. 

Because of the expense and difficulty of producing pions 
in the laboratory, the number and type of experiments which 
can be performed to assess their potential for cancer therapy 
are limited. Furthermore, the complex interactions that pions 
undergo do not lend themselves to analytical calculations. But 
the availability of high speed computers with large core 
memories makes it possible to simulate, on the computer, the 
traversal of a beam of pions in tissue and programs have been 
developed specifically to help in studies with negative pion 
beams in cancer radiotherapy. 


Properties of the negative 
pion related to therapy 


The existence of the pion was predicted on theoretical grounds 
by Yukawa in 1935 to account for the strong, short range 
nuclear forces that hold atomic nuclei together’, Pions, which 
have a rest mass 280 times that of the electron, can be charged 
or neutral and are rapidly destroyed through strong inter- 
actions with matter and through radioactive decay. They 
are produced in collisions of high energy particles. Although 
there were no machines in the 1930s capable of accelerating 


a a ah tee neste een tee et 


*Health Physics Division, Oak Ridge National Laboratc = 
Tennesse 37830, ' iage National Laboratory, Oak Ridge, 


eh Lorie ANT 


particles to the required energies of several hundred million eV, 
it was recognised that sufficiently energetic cosmic rays bombard 
the Earth. The presence of the pion in cosmic radiation was 
confirmed in 1947 (ref. 5). 

There are almost 100 known elementary particles and anti- 
particles, all of which might, in principle, be used for radio- 
therapy. Negative pions are now attracting attention because 
of their special physical properties. Like other charged particles, 
the depth of penetration of negative pions in a target can be 
varied by varying their energy, and they deliver a relatively 
high dose when they stop at the end of their track--in the so- 
called Bragg-peak region. Unlike most other charged particles, 
however, a stopped negative pion is attracted by a positive 
atomic nucleus and interacts strongly with it through the nuclear 
force. The nucleus absorbs the pion and literally explodes with 
140 MeV of energy converted from the rest mass of the pron. 
Figure | shows an early cloud-chamber photograph of charged- 
particle tracks around a nitrogen nucleus that has captured a 
stopped negative pion. Nuclear capture at the end of its range 
is the special property that makes the negative pion of particular 
interest for therapy. 

The fragments produced by the capture give additional dose 
to the matter surrounding the capture site (Fig. 1}. The 
biological effectiveness of this dose is enhanced by the fact that a 
substantial fraction of it is deposited at high linear energy 
transfer, since high LET radiations are generally more effective 
in producing biological effects. Calculations indicate, for 
example, that some 15-20 MeV of energy is deposited in tissue 
within 0.2 cm of the capture site by particles with LET greater 


Furthermore, compared with low-LET, the effectiveness of 
high-LET radiation in killing cells is not reduced as much by 
the absence of oxygen. A rapidly growing tumour can presum- 
ably outgrow its blood supply and become hypoxic. In these 
conditions, it is well known that the dose of X rays or other 
low-LET radiations has to be two or three times higher to 
achieve the same degree of biological damage as in the aerobic 
state. Pions, in contrast, seem to offer a much more favourable 
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Fig. 1 Cloud-chamber photograph of negative pion capture by 

nitrogen. The pion enters the picture from below and follows a 

curved path in the magnetic field through which it passes. The 

star at the end of the track is produced by two alpha particles 

and two protons. Four neutrons are also produced in the star 
but leave no visible tracks’. 


“oxygen enhancement ratio”. Hypoxic cells can be killed 
almost as effectively as oxygenated cells with high-LET radia- 
tion (for more detailed discussion see ref. 8 and references 
cited there). 


Basis for clinical trials 


In using radiation to treat a tumour, the objective ts to deliver a 
large dose over a specified volume in the body and as little as 
possible elsewhere. In reality, however, the dose patterns obtain- 
able are limited by the physics of the interaction of radiation 
with matter. 

Fig. 2 shows a comparison of dose patterns in water along the 
axes of beams of Co y rays, 22-MeV X rays, protons and 
negative pions (based on Raju and Richman’). The levels 
of each kind of radiation are adjusted to give the same average 
dose over the interval between 7.5 and 12.5cm. The energy 
spectra of the proton and pion beams were additionally adjusted 
to give a constant dose over this interval. The dose from “Co 
y rays builds up in the first few millimetres in the absorber as 
the number of secondary electrons increases. The dose decreases 
beyond about 0.5 cm as the radiation is further attenuated and 
scattered. The curve for the more energetic X rays has a maxi- 
mum near 3 cm and falls off less sharply with increasing depth. 
In contrast to the neutral radiations, energies of the charged 
protons and pions can be controlled so that they stop in the 
given region, where they deposit the highest dose. Whereas a 
stopped proton gives no further dose, a stopped negative pion 
produces additional dose through nuclear capture. The ad- 
vantage gained by negative pions over protons is illustrated 
by the fact that the pion dose is considerably smaller between 
the surface of the target and the region between 7.5 and 12.5 cm. 

The factors described so far constitute the theoretical basis 
for the research and investment in pions in radiotherapy. 
Medical rationale and plans for clinically treating specific 
types of neoplasms with negative-pion beams have also been 
developed’ =". 
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Computer codes for 
use in pion dosimetry 
Several computer codes'*~'* are available for making calcula- 
tions for pion beams incident on a patient or tissue-equivalent 
phantom, Calculations of pion-dose distributions pose several 
problems not encountered for other charged particles or con- 
ventional X or gamma rays. Because of the violent reactions 
that pions undergo, dose in the phantom does not readily lend 
itself to a description by means of simple analytical formula. 
Knowledge of the dose pattern from one beam-target configura- 
tion is of limited usefulness in predicting dose under different 
conditions. The variety of secondary particles produced 
each with its own special properties 
analytical representation. 

We have used a Monte Carlo technique to simulate on a com- 
puter the statistical distribution of events which occur to the 
individual particles in the phantom. By treating several thousand 
incident particles and the secondary particles they produce, 
one can thus obtain a detailed physical picture of what occurs 
in actual experimental conditions. The reliability of this picture 
depends directly on the reliability of the experimental data 
used in the calculations. 

PION-I was designed to treat all processes which pions 
undergo with sufficient accuracy to simulate real pion transport 
for radiotherapy applications. (It was developed in the Health 
Physics Division at ORNL and ts at present restricted to pions, 
muons and electrons, with energies up to 125 MeV in materials 
consisting of H, C, N, and O. Other computer codes, developed 
in the Neutron Physics Division, are designed to transport 
pions, muons, protons and neutrons with energies up to 
hundreds of GeV. These codes use an intra-nucleus cascade 
model to calculate nuclear reaction products. PION-1, which 
makes use of some data calculated by the Neutron Physics 
codes, runs considerably faster than the more general, multi- 
purpose codes.) Experimental values of the cross sections have 
been used to determine pion—nucleon interactions. These values 
can be revised or supplemented should data become available. 
All relevant pion nuclear reactions are programmed into the 
code: pion absorption, one- and two-nucleon knockout, and 
charge exchange. When an incident pion enters the phantom, 
the Monte Carlo technique is used to determine its fate, on the 
basis of these cross sections. As the pion penetrates the phantom, 
it undergoes multiple Coulomb scattering and also slows down 
in accordance with the stopping-power formula for charged 
particles. Range straggling is also included. When a nuclear 
reaction occurs, the code selects the type of reaction and the 


also complicates any 


Fig. 2 Examples of dose patterns in water along the axis of 
beams of "Co rays (1.33 and 1.17 MeV), 22-MeV X rays, 
protons (P), and negative pions (t ) 
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energies and initial directions of travel of any secondary 
particles produced. The secondary particles are also followed 
individually in the calculations. The use of numerical data, 
rather than nuclear models, allows the program to process 
particles rapidly. 

For analysis, the phantom is divided into a number of sub- 
volumes. A record is kept in the program of each particle 
that traverses or stops or starts in every subvolume. The 
energy deposited, the LET of the radiation, and other physical 
quantities of interest are tabulated—the Monte Carlo method 
gives complete physical detail. Parameters for use in cell survival 
models can also be tabulated. Such data would be prohibitively 
expensive and difficult to obtain experimentally. 

Within the context of negative-pion therapy, PION-1 is 
versatile. No special assumptions about the beam and phantom 
geometries are necessary. Pions can have any pattern of inci- 
dence on the phantom and any energy distribution up to 125 
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Fig. 3 Total dose, calculated (smooth curve). and experimental 
(circles), for CERN negative-pion bema. Radius of the detector 
was 3 cm. Other curves show various calculated contributions 
to the total dose. Labels on the curves indicate doses from the 
following sources: pion ionisation (n~), heavy particles and 
protons generated from interactions of pions in flight (h+p), 
muon contamination (e~), electron contamination (e~), heavy 
particles and protons generated from interactions of stopped 
pions (stars), and neutrons (n). The beam was assumed to be 
composed of 63% 17, 23% e7, and 14% p> with mean momentum 
176 MeV/c(energy 85 MeV} and momentum spread 2.0%. 


MeV. (The program can be extended to higher energies, 
if desired.) Muons and electrons can be present. The phantom 
can be composed of water, tissue, or other tissue-like material 
and can have regions of bone, lungs, air cavities, and so on. 

The code runs rapidly. In a typical calculation, 10* incident 
pions and all the secondary particles they produce are pro- 
cessed completely. The statistical data are then excellent for 
plotting depth-dose and isodose contours and for compiling 
LET distributions and parameters for cell survival. The com- 
plete run takes about 10 min on the IBM 360/91. The processing 
of neutrons requires by far the most time. Without neutrons, 
the running time for 104 pions and the other secondary particles 
is less than three minutes. In many applications we include 
neutrons in only a fraction of cases. 


Comparison of measurements and 

calculations with PION-1 

Ideally, any calculation technique should be substantiated 
through detailed experimental checks of its component parts. 
Because of the complexity of pion interactions, detailed veri- 
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Fig. 4 Isodose contours for pion beam incident on soft-tissue 
target. Hes 


fications are not feasible. Many of the experiments would. be 
costly and time consuming, while others would be prohibitively 
difficult. 

Some direct comparisons have been made between measured 
doses and doses calculated with PION-1. Figure 3 shows one 
such comparison made for an experimental negative-pion 
beam from the 600-MeV synchrocyclotron at the European 
Centre for Nuclear Research (CERN) in Geneva, Switzerland. 
This work was carried out as a collaborative effort between the 
Health Physics Division at the Oak Ridge National Laboratory 
and the Health Physics Group at CERN. The top curve, 
marked ‘Calc’, represents the dose calculated as a function. of 
depth in a water target used in the experiment. The open circles, 
designated ‘Exp’, represent the values of the dose measured 
experimentally. The computations were performed for a 
beam mixture of 63° negative pions, 23° electrons, and 14% 
negative muons. A Gaussian momentum distribution was 
assumed with a mean value of 176 MeV/c(energy of 85 MeV) 
and a spread of 2% (that is, half of the particles have momentum 
within +2% of the mean). The beam, which wasnon-uniform, was - 
approximately elliptical in shape with major and minor axes of 
length 7 and 6cm. The circular cylindrical detector of radius 3cm, 
placed at different depths along the beam axis in the experiment, 
was simulated in the computations. The calculated individual 
contributions, which add up to the total dose ‘Calc’, are also 
shown in Fig. 3. The curve marked ‘xn gives the dose that 
results from the direct ionisation of atoms by the pions in 
slowing down. The curve ‘h+p’ shows the dose from heavy 
recoil particles (atomic mass number > 1) and recoil protons 
produced by pions in flight. (About 15% of the incident pions 


Fig. 5 Isodose contours for pion beam incident on soft-tissue 
target with bone cylinder between I cm and 3 cm in the cross- 
hatched region. 
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react with nuclei in the target before they reach the end of their 
range.) The local dose in the stopping region from the charged 
particles produced by pion capture is shown by the curve 
labelled ‘Stars’, Neutrons, which occur primarily as a result 
of pion capture, give the dose shown by the curve ‘n’. The 
doses from the muons and electrons in the experimental 
beam are shown by ‘u,~ and tev. 

This comparison indicates that the dose from a beam of 
negative pions can be calculated from the known physics of 
pion interactions with some degree of confidence. Uncertainty 
in the calculated dose seems to be comparable to the reprodu- 
cibility of the experimental measurements. Although direct 
experimental comparisons with most of the individual contribu- 
tions shown in Fig. 3 have not been made, the curves are 
consistent with known physical data. The calculated number and 
energy spectra? of the particles produced by stopped-pion 
capture by oxygen have been compared with measurements” 
and seem to be in reasonably good agreement. 


Dose patterns with negative pion beams 


Of more direct interest for therapy are the dose patterns 
expected in tissue irradiated by different pion beams. Figure 4 
shows calculated isodose contours in a tissue target of unit 
density from a parallel, uniform circular beam (radius 2 cm) of 
negative pions, having a Gaussian momentum distribution 
with a 2% spread and a mean energy of 67 MeV. The pions 
have a mean range of 15.0 cm. The beam is incident from the 
left, the axis being the line marked 0. The contours have 
cylindrical symmetry about the beam axis and apply to any 
plane containing that axis. The levels are shown as fractions, 
varying from 90% to 1° of the peak dose, 1.79 10 rad per 
incident pion, which occurs at a depth of 14.5 cm. The dose is 
not confined completely to the region directly intercepted by 
the beam. The beam spreads as it traverses the target because of 
multiple Coulomb scattering and nuclear reactions, which scatter 
particles outside the immediate beam area. The neutrons produced 
can deposit dose many centimetres away from the beam axis. 
Repeating the calculations but ignoring the neutrons gave 
virtually the same contours for the levels of 5° of the peak dose 
and greater. The peak dose itself was reduced, however, to 
1.71 x10 rad per pion. The lateral spread of the 1% contour 
from the beam axis at a depth of 15cm changed from 4.9 to 
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4.4 cem when neutrons were neglected. 

The presence of air cavities, bone and other regions ot 
different densities in the body can greatly affect dose patterns. 
Figure 5 shows an example of dose contours when bone 
(density, 2 g cm ~*) is present. The bone is in the form of a right 
circular cylinder of radius 1 cm, centred on the beam axis be- 
tween the depths 1 cm and 3cm, as indicated by the cross 
hatching in Fig. 5. The same pion beam was used in the cal- 
culations of Figs 4 and 5. The peak dose with the bone present is 
decreased to 1.46 x 10— rad per incident pion and occurs at a 
depth of 12.6 cm as compared with 14.5 cm before. The bone 
increases the amount of multiple Coulomb scattering and 
some additional nuclear reactions, causing the dose pattern 
to be more diffuse in Fig. 5. A systematic study of the effects 
of tissue inhomogeneities has been completed recently’, 

Another complication, which must be assessed in using pions 
for radiotherapy, results from the neutrons produced from 
pion capture. The neutrons will travel away from the capture 
site in a tumour and irradiate healthy tissues elsewhere in the 
body. The neutron dose delivered to a sensitive organ in the 
vicinity of a tumour may limit the therapeutic dose that can be 
given to the tumour. We are now calculating the dose contri- 
butions from neutrons for a variety of pionbeam configurations 
and tumour sizes. 

This research was sponsored by the US ERDA under con- 
tract with Union Carbide Corporation. 
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General nuclear constraints are used to show that deuterium 
is most likely of pregalactic origin. Big-bang nucleo- 
synthesis is the most plausible source for significant amounts 
of this isotope, but other, more speculative, sources are not 
ruled out. 





THE amount of deuterium which is formed during the initial 
phase of a standard hot big-bang universe is a sensitive function 
of the mean baryon density (X pœ p~* over the range of interest: 
X » is the deuterium mass fraction and p is the mean baryon 
density; (see ref. 1). If big-bang nucleosynthesis were the only 
significant source of deuterium, the amount of deuterium 











produced by this event would have to be at least as great as 
that which is currently observed, XY p~ 2 10 (refs 2 and 3). 
The mean mass density of the present Universe would then be 
< 6x 107"! g cm~* and hence less than the Einstein-de Sitter 


(H is the Hubble expansion parameter in km s~! Mpc~'). In 
the framework of Friedmann cosmologies with cosmological 


forever expanding? ’. Conversely, if the mean density of matter 
in the Universe is appreciably > 6x 107%! g cm~, the current 
deuterium abundance could not have been produced by 
nucleosynthesis during the early phase of a standard universe. 
These conclusions are insensitive to quite substantial deviations 
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from the standard cosmological models*, presuming also that 
the bulk of the observed ‘He was produced in the big bang. 
These statements provide good reason for investigating other 
possible sources of deuterium. If an exhaustive study yields no 
physically self-consistent or at least plausible models for 
deuterium production, then this failure lends support to the 
notion that deuterium is of cosmological origin. On the other 
hand, if an eminently plausible source of deuterium production 
or enhancement could be found, then the current deuterium 
abundance would not necessarily be related to the physical 
conditions in the early Universe and hence could not be 
considered to be an important cosmological discriminator. 
We examine here various non-cosmological mechanisms 
which might be capable of producing significant amounts of 
deuterium. First, the general nuclear constraints which must be 
satisfied by all viable models for deuterium production are 
summarised. Specific models for deuterium sources are then 
discussed and critically analysed. The net result of this investiga- 
tion is that very severe restrictions can be placed on mechanisms 
for producing deuterium. In fact, it seems unlikely that objects 
or events which are currently known or inferred to have existed 
in our Galaxy or in well-observed extragalactic objects could be 
capable of producing the observed deuterium abundance. 


Overview 


Deuterium formation can occur either through synthesis 
reactions in which free nucleons fuse together or by means of 
spallation. or photodisintegration reactions in which energetic 
particles disrupt more massive nuclei, thereby ejecting deuterons. 
All models of deuterium production invoke one or both of 
these processes. 

Synthesis models run into difficulty because the conditions 
which are needed for the making of deuterium are normally the 
same as those for its rapid destruction. Deuterium can be 
synthesised by 'H(n,y)D reactions if free neutrons and protons 
are able to interact. Free neutrons are produced at high 
temperatures, when heavier nuclei thermally dissociate, but 
any deuterium which is so formed is liable to be consumed in 
thermonuclear reactions. Deuterium could survive a hot 
explosive event only if the hot matter is dispersed and/or 
cooled rapidly compared with the time which is required for 
deuterium destruction. It is shown below that an object of even 
moderate mass (> 107 Meo) cannot expand rapidly enough for 
significant amounts of deuterium to survive. Free nucleons may 
also be produced by the passage of a strong shock wave®™"*, 
In this type of process the gas cools quickly enough for the 
deuterium to escape destruction, but models which invoke 
shock waves for deuterium production are faced with a number 
of other difficulties’ which we also discuss below. 

The possibility that a disrupting neutron star could provide 
a cool flux of particles has been examined (refs 16, 17 and 
J. M. Latimer and D. N. Schramm, unpublished), but it was 
found that this type of event cannot simultaneously provide 
both free neutrons and free protons, and hence cannot produce 
deuterium. Cameron and Truran (unpublished) have suggested 
that if hot neutron-rich material could be ejected by MHD 
processes from a collapsing stellar core*®:*!, deuterium pro- 
duction could result. The constraints on this type of model are 
discussed below. 


Spallation 


Models which involve the production of deuterium by spallation 
reactions are faced with the problem that under most conditions 
the concomitant production of other light nuclei or y rays is 
much too rapid. This is an especially strong constraint because 
deuterium is destroyed by thermonuclear reactions more easily 
than any other stable nucleus; any subsequent processing of the 
source material can only decrease the abundance of deuterium 
relative to other nuclei. 

The interaction of energetic particles with normal population-I 
composition forms deuterium mainly by p - a reactions. 
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Other light nuclei, such as Li, Be and B, are formed by the 
interaction of protons or a particles with C, N, or O nuclei and 
by a + a reactions, and y rays are formed by high energy p + 
reactions producing n° which subsequently decay to two y rays, 
each with an energy ~ 70 MeV. By considering the nuclear 
reactions which can occur in a hydrogen—helium gas mixture 
only, we can obtain very strong constraints on deuterium source 
models; these constraints are applicable to deuterium 
production in the present epoch and in pregalactic but post- 
helium synthesis epochs. (Deuterium production from spallation 
is impossible before helium synthesis.) 

The rate at which a particle of type / is produced by the 
interaction of particles j and k is 


dY 
F 7 a OE) 


Here Y represents the number fraction of a particle (Y, is the 
number of particles of type / per nucleon; Y; = X,/A; where A, 
is the atomic weight), 6;,;, is the production cross section and 
E is the energy per nucleon of the incident particle. 

The relative production rate, which is defined by 


i dy, 


eal (1) 
Yi present dt 


R; = 


gives the rate at which the abundance of a particle approaches 
the present value. When two nuclei have the same value of KR, 
their abundance ratio at the source is the same as their present 
cosmic abundance ratio. 

The relative production rates for deuterium, *Li, "Li and 
y rays are shown in Fig. 1 as a function of the energy per nucleon 
of the incident particle. The system is assumed to contain 
initially only hydrogen and helium with Y,/ Ye taken to be 0.07 
in the energetic particle flux and in the ambient medium. The 
present densities of the other particles relative to deuterium are 
Ye/¥o ~ 10%, Yn: Yp = 10 and Y/Yp = 10-*p./p 
(refs 18, 19). The last ratio is determined by using the number 
of photons in the diffuse background with energies > 70 MeV 
and assuming that the galactic deuterium abundance Yp = 10 
is universal. It is important to note that in the present epoch 
there is far more deuterium than there is °Li, ‘Li or y rays. 
Any class of events which produces even a relatively small 
amount of these particles cannot be the dominant source of the 
galactic deuterium. 


Fig. 1 The rates at which abundances approach their present 

values as a function of the energy per nucleon of the incident 

particle. See equation (1) and text. Data are from refs 19, 28, 

29 and C. King, private communication. Dashed lines are 
extrapolations from known data. 


rennet 
pr 

2 108 Ba 

a A 1 N 

a N 

= 5 10? S 

D T N 

bar ine) 7L, \ ~ 

= 5 10 \ 

2 UON 

[a>] a a N i 
mM aA M i 
gs 1.0 N T a 
Q \ DA | 

= ks 

z 107? 2p) N l 
fu 

© i 
sm i 


10 107 107 
MeV/nucleon 





200 


This constraint is clearly shown in Fig. 1. Particle fluxes with 
energies < 300 MeV per nucleus generate very large Yu:/ Yp 
ratios, and particles with energies > 500 MeV per nucleon 
produce high Y,/ Yp ratios. Models for a spallation origin of 
deuterium must rely on a flux of low energy particles and some 
mechanism for preferentially destroying the lithium or on a flux 
of high energy particles and some means of absorbing the 
y rays photons. Particles with a narrow spread of energy 
~ 400 MeV per nucleon could possibly produce reasonable 
¥u/Yp and Y,/ Yp ratios, but models which require nearly 
monoenergetic particles are rightly considered ad hoc and are 
hard to justify on physical grounds. 

It has been pointed out that the y rays which form from the 
decay of n? can cause the photodisintegration of *He and 
thereby produce deuterium*’. However, the y rays preferentially 
produce electron—positron pairs??? so that only a few percent 
of these photons can ultimately produce deuterium. Since 
Y,/Yo~10~% at present, any model which invokes photo- 
disintegration to form deuterium must also contain some 
mechanism for y-ray destruction. Furthermore, if the r° are 
formed by high energy nuclear collisions, most of the deuterium 
is actually formed directly by p+a collisions, so that the 
photodisintegration reaction is of only minor importance, 

Finally, it should be re-emphasised that, in the above 
discussion, the reactions on nuclei heavier than tHe have been 
omitted. The inclusion of even a small amount of C Noro 
nuclei would make it much more difficult to formulate an 
acceptable model for deuterium formation by spallation. 
A heavy element mass fraction ~ Z = 10- leads to over- 
abundances of Li, Be and B relative to deuterium. This 
effectively eliminates such events as present-day solar flares??, 


Pregalactic cosmic rays 


The high energy particles in the Galaxy could not have produced 
the galactic abundance of deuterium. The total number of these 
particles which have existed throughout the age of the Galaxy 
is far below what is required to produce significant amounts of 
deuterium, and one is still faced with the difficulty that lithium 
and other light nuclei would be overproduced. Rather than 
deal with the restrictive problem of whether deuterium could be 
formed in any particular type of event, consider the more 
general question: can one formulate any physically self- 
consistent model for a cosmic-ray origin of deuterium? The 
simplest possible model involves ‘pregalactic cosmic rays’ (only 
protons and a particles) of arbitrary energy interacting with an 
ambient medium of hydrogen and helium. A study of this sort 
has recently been undertaken by Epstein (unpublished) where 
particle spectra of the form 


F(E) œ (E+ Eg)? (2) 


were used, with Es an adjustable parameter. This spectral form 
has the advantage of being a simple one-parameter function 
which reduces to approximately the galactic cosmic-ray 
spectrum for suitable values of Ep ( <1 GeV per nucleon). 
Essentially similar results are obtained by using power law 
spectra of various indices and with high and/or low energy 
cutoffs. 

When these cosmic rays interact with the ambient medium, 
deuterons, lithium nuclei, y rays and other particles are formed. 
The initial ¥p/ ¥s,, production ratio is shown in Fig. 2 as a 
function of Es (this ratio is used because it provides a stronger 
constraint than Yp/Y7,,). Only for Es = 20 GeV per nucleon 
is the initial value of Y p/ Ys,, comparable to the observed ratio. 
As the system evolves, the proton and a particle spectra are 
degraded by ionisation losses and nuclear collisions, the 
deuterons and lithium nuclei which were produced at high 
energies are slowed down or destroyed, and some of the y rays 
are absorbed by the ambient medium. When all relevant 
production, destruction and energy loss processes are included 
the Yp/ Ys; ratio evolves, finally reaching the values indicated 
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Fig. 2 Ratio of the abundances of deuterium and *Li which are 

produced by spallation reactions. The solid line is for spectra 

defined by equation (2). The dashed line is for spectra which are 

initially given by equation (2) and subsequently evolve, The 
observed abundance ratio is indicated. 


by the dashed line in Fig. 2. Only for values of Es Z 30 GeV per 
nucleon is the final Yp/Ye,, ratio acceptable. For these very 
hard cosmic ray spectra y rays are, however, overproduced by a 
factor of > 10* relative to the diffuse background. Only if the 
source of y rays were shielded by ~ 500 g cm ~? of matter would 
the observable flux of y-ray photons be consistent with existing 
measurements. The energy which is required to give a deuterium 
abundance of Yp = 2x 10 is 1.7 x 10'S erg g~!, or 5 x 10° erg 
fora 10€ Mo galaxy. 

A spallation origin of deuterium cannot be totally dismissed 
on the basis of the above discussion, but can the necessary 
conditions for this mode of deuterium formation be realised in 
any reasonable astronomical event ? The intense flux of cosmic 
rays, the low heavy element abundance and the large column 
density are certainly inconsistent with what is known about 
normal galaxies. Quasars, on the other hand, emit roughly the 
correct amount of energy, much of which is presumably 
derived from non-thermal particles, and they could provide 
sufficient shielding (a 10°Me object with a 6-pe diameter has 
a column density > 10° gcm~*). Observed quasars contain 
elements heavier than *He, but an earlier generation of ‘extreme 
population IP quasars could be a possible site for deuterium 
production. The absorption of y rays could also be achieved by 
the general ambient medium of the Universe if deuterium 
formation occurred at a sufficiently early epoch. This would 
require that deuterium production occur at redshifts > z = 300, 
shortly after recombination of the ionised matter in the 
Universe**. One can conjecture that an intense flux of high 
energy particles could be generated by an early generation of 
collapsing objects™* or by energetic turbulence which results 
from the readjustment of the cosmic gas after its decoupling 
from the radiation field. Without other supportive evidence for 
such mechanisms, however, their invocation seems, again, 
quite ad hac. 


Shock waves 


It has been suggested by Colgate*:* and by Hoyle and Fowler'® 
that strong shock waves propagating through a low density gas 
could produce deuterium. The basic idea is that as a shock wave 
propagates through a low density medium, such as an extensive 
stellar envelope, it can exhibit a brief non-equilibrium phase in 
which high energy ion reactions (2 10 MeV per nucleon) can 
occur; this ‘ion precursor’ phase arises partly from the initial 
collisions between the outwardly streaming ions and the 
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stationary low density matter,and partly from the relatively 
long time (compared to a nuclear reaction time) that is required 
for the shocked gas to relax to thermal equilibrium. As 
equilibrium is attained through electron heating and photon 
emission processes, most of the internal energy of the shocked 
material is transferred to the radiation field and the tons are 
quickly cooled. During the ion precursor, spallation reactions 
of protons on helium produce deuterium and free nucleons 
while spallation reactions on the CNO nuclei and 0-a reactions 
produce Li, Be, and B. In the cool gas behind the precursor the 
free nucleons recombine to augment the deuterium abundance. 
Though this mechanism is an ingenious blend of the two basic 
deuterium production processes it runs into difficulties on 
several accounts. 

First, the very existence of strong ion precursors is in doubt. 
Weaver! has been able to obtain solutions only for the shock 
wave structures which do not exhibit high temperature pre- 
cursors. Furthermore, no one has been able to show that shock 
waves with ion precursors are actually physically self-consistent. 

The second problem is that shock-wave nucleosynthesis tends 
to overproduce some of the light elements relative to 
deuterium t}, Shock waves of energies up to 50 MeV per 
nucleon produce deuterium and other nuclei by direct spallation 
so that ’Li is always overproduced. Stronger shock waves, 
however, spall nearly all the nuclei to free nucleons, thereby 
destroying the "Li overabundance and allowing for the subse- 
quent synthesis of deuterium by *H(p,n)D. The unresolved 
question is whether an appreciable amount of matter can be 
processed by very strong shock waves without an even larger 
amount of matter being exposed to weaker shock waves which 
would preferentially produce "Li. Colgate* contends that at 
low shock velocities the diffusion of radiation damps the 
development of a precursor (and thus prevents Li from 
forming), and that at high shock velocities the radiation does 
not keep pace with the shock wave so that the precursor 
develops and deuterium forms. As mentioned before, the 
detailed calculations of Weaver do not support this picture. 

If the arguments in favour of deuterium production in shock 
waves were accepted there would still remain the question of 
what the origin of these shock waves could be. Normal super- 
novae appear to be highly unlikely sites. Using the most 
favourable assumptions (low CNO abundances, efficient 
acceleration of the shock waves) Epstein et al? found that 
energies > 10°° erg would have to be released in a typical 
5Me type II supernova; this is far greater than any observa- 
tional inferences. Pregalactic supermassive objects could have, 
perhaps, undergone extremely violent explosions, and few 
constraints can be put on their energetics. Nevertheless, there is 
no reason to expect that they could be any better suited for 
producing deuterium than current supernovae. 


Hot explosions 


Deuterium can be formed if matter is brought to high tempera- 
tures where heavy nuclei decompose to free nucleons 
(T > 10°-10' K, depending on density) and then rapidly 
expanded and cooled. The deuterium is formed by 'H(n,y)D 
reactions, and it is also destroyed by thermonuclear processes, 
the most important destruction reactions being (D(d,n)*He and 
D(d,p)*H as long as Yp Z 107°. What fraction of the deuterium 
which is formed in an explosive event actually escapes destruc- 
tion? If the densities of neutrons and protons are nearly equal 
there are two possible sequences by which deuterium can be 
formed and also survive (the case in which there is a large 
excess of neutrons is considered later): 

(1) The expansion may be rapid enough so that some 
neutrons and protons do not recombine until the gas cools to 
the ‘freeze-out’ temperature (T S 3 x 107 K), when the charged- 
particle reactions are slower than the expansion. The deuterium 
which is subsequently formed is ejected without much 
thermonuclear destruction. 

(2) Deuterium forms while the gas is still hot but the expansion 
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is rapid enough so that deuterium is ejected without being 
completely destroyed. 
Neutrons and protons are consumed at a rate 


ay. 2 dY, = — 4x 10fp Ya Yp s7 (3) 








dt dt 


where pis ingcm™~?. Define Potexp = [pdr where the integration 
is from the time at which the nucleons start being consumed 
(when T2>3 10° K) until freeze out. The upper limit on the 
number of free neutron—proton pairs at freeze out and hence on 
the abundance of deuterium which forms after freeze out is 


Yp < (4x TO Poter) (4) 


Deuterium which forms at high temperatures is subject to 
destruction by thermonuclear reactions. The rate at which 
deuterium is burnt by D +D reactions at T ~ 10° K is” 


dYp 


~ —10pYp? 5 
F 10’p ¥p (3) 





so that the amount of deuterium which forms at high 
temperatures and survives until freeze out is limited by 
Yp £ (10’p,texp). Since this is far less than the maximum 
amount of deuterium production after freeze out, equation (4) 
represents a strong upper limit to the net deuterium production 
in a hot explosion. 

Since only a small fraction of the matter in the Universe 
could have been raised to high temperatures and then rapidly 
expanded (except, of course, in the big bang), the deuterium 
fraction in the ejecta has to be greater than the intersteilar 
value of ~ 10-5. Taking the value to be Yp> 10 and using 
equation (4) gives 


Ditea = 2x10“ gscm (6) 


Can such rapid expansion rates be attained in realistic 
explosive events? To obtain a lower limit to t,,,, consider an 
homogeneous sphere of mass M and density p expanding so 
that its surface moves with some speed less than the velocity of 
light. Taking texp = p/(dp/dr) gives 


Ptexp Z 0.9 p (MIMo? gs cra? (7) 


The density of matter at 10° K has to be Z 8 gcm~?* for the 
energy density of the radiation > pc. (Only in the big bang 
can this condition be reasonably violated.) Expansion rates 
which are consistent with equation (6) thus require the mass of 
the exploding region to be S 107M. Since this is much too 
small to correspond to any reasonable astronomical event, we 
conclude that significant amounts of deuterium cannot survive 
a hot explosion. 


Disrupted neutron stars 


Can neutron stars provide the free neutrons which are needed 
for deuterium synthesis? Lattimer and Schramm (ref, 16, and 
unpublished) investigated a mechanism whereby a neutron star 
falling towards a black hole (for example, a binary system 
decaying by gravitational radiation) is tidally disrupted and 
ejects some neutron-rich matter from the system (the ‘tube-of- 
toothpaste’ effect), and others (refs 30, 31 and A. G. W. 
Cameron and J. Truran, unpublished) have shown how 
neutron-rich matter can be ejected by MHD instabilities from 
the collapsing core (a ‘hot neutron star’) of a highly evolved 
star. For deuterium to be produced in this type of process the 
neutron-rich matter has to interact with protons before (1) all 
the free neutrons are consumed in forming heavy nuclei or 
(2) before the neutrons decay to protons. Following Lattimer 
et al.” it seems that, as the neutron-star matter expands, the 
few protons which are initially present ( Y, = 0.03-0.04) clump 
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together with the neutrons to form clusters. The excess neutrons 
‘boil off’ until the nuclear clusters reach the neutron drip line. 
As the density decreases further, B decays begin to occur in the 
nuclei; the increase in proton number permits the recapture of 
neutrons. Nuclei up to mass A ~ 300 are formed and then 
fission produces more seed nuclei. Neutrons are consumed as 
rapidly as permitted by the B decays and fissions of the heavy 
neutron-rich nuclei. The timescale for this to occur is ~ 0.1 s. 
(Similar processes occur for the hot neutron star except the 
initial Y, are 2 or 3 times larger and the neutron depletion 
time scales could be considerably longer.) Expansion rates more 
rapid than this would allow some free neutrons to escape. 

Even if some free neutrons do escape, however, they decay 
in ~ 10% s and do not produce any deuterium unless they 
interact with hydrogen-rich matter with a density of at least 


stars or stellar envelopes. Models of deuterium formation 
which require a large number of neutron stars to interact with 
black holes and to spew neutron-rich matter into nearby stars 
are probably beyond the range of reasonable speculation. Hot 
neutron stars, however, are still surrounded by the pre- 
supernova stellar envelopes. For the hot neutron-rich material 
to be able to interact with the overlying hydrogen mantle 
several conditions must be satisfied: (1) the B-decay rates for 
very neutron-rich nuclei must be ~ 1 s; (2) the neutrons cannot 
interact with the heavy elements which surround the core, and 
(3) the neutron-rich matter has to be ejected rapidly enough so 
that it can reach the hydrogen mantle (a distance of 10''—-10!¥ cm 
from the core) in < 10° s. Any or all of these conditions are 
likely to be violated, but for now this remains a viable model. 


Conclusion 


Big-bang nucleosynthesis provides an elegant theory for the 
synthesis of deuterium and helium. It requires only the simplest 
cosmological assumptions and is consistent with all well 
established astronomical data. Contrasted to this, post-big-bang 
deuterium production requires extremely violent and exotic 
events, the existence of which is certainly doubtful. From the 
perspective of our current understanding of the chemical 
evolution of the Universe, big-bang nucleosynthesis is by far 
the most reasonable site for the origin of deuterium. What are 
the prospects that this conclusion may be altered or made more 
firm ? Two approaches may be fruitful. First, one can search for 
direct evidence of post-big-bang deuterium formation such as 
inhomogeneities in the abundance of deuterium or enhancements 
in the abundances of lithium, beryllium, boron and y rays, 
which may be associated with deuterium production. Variations 
of this sort either in our Galaxy (ref. 27, and A. A. Penzias, 
P. G. Wannier, R. W. Wilson and R. A. Linke, unpublished) 
or in extragalactic objects such as quasars (T. Adams, un- 
published) would be of great importance. The results to date 
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indicate a possible decrease in the deuterium abundance near 
the galactic centre (A. A. Penzias, P. G. Wannier. R. W, Wilson 
and R. A. Linke, unpublished); this is consistent with any 
pregalactic origin of deuterium followed by destruction of 
deuterium by stellar processing. The second approach, which is 
being vigorously pursued by a number of researchers (see ref, 5 
and references therein), is to determine the local mean mass 
density of the Universe. Considerations of the dynamics of 
galaxies and groups of galaxies has led to the tentative result 


studies could raise this limit by even a firm factor of two or 
three (still leaving p below the critical density pe), then the 
standard cosmological picture for the origin of deuterium 
would have to be seriously questioned and exotic pregalactic 
or hot neutron star models might have to be invoked. 

it, may turn out that deuterium was formed during the 
initial hot phase of the big bang or during subsequent epochs. 
In either case the abundance of this isotope provides an 
intriguing clue to evolution of the early Universe. 
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in terms of a model with subpulse beams drifting round the 
pole of a rotating magnetic dipole. 
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THE position angle associated with the average linearly polar- 
ised radiation from many pulsars varies across the pulse in a 
manner consistent with a simple geometrical model first given 
by Radhakrishnan and Cooken? The model postulates 
polarised radiofrequency emission having properties character- 
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Fig. 1 a, Schematic representation of the Radhakrishnan and Cooke pulsar model'. Emission is associated with the polar regions of an 
oblique, rotating, magnetic dipole. b, Field geometry near the pole of the star projected on to the celestial sphere. The radiofrequency 
radiation is expected to have polarisation characteristic of curvature radiation from particles accelerated along the field Imes’. c, Model 
waveforms of linear polarisation angle for a magnetic dipole axis inclined at 60° to the rotation axis; curves for observers at various polar 
angles are indicated. d, 430-MHz Arecibo observations of two pulsars (PSR 05254-21, left; PSR 1915+ 13, right) with linear polarisation 
angle morphologies which conform well with the Radhakrishnan—Cooke model angle waveforms in (c). The position angle sare not absolute, 


istic of the radiation from relativistic particles accelerated 
along diverging field lines near the poles of an oblique, rotating, 
magnetic dipole. Figure la shows the general configuration of 
the two emitting regions and Fig. 1b gives a view of the field 
lines as projected on to the celestial sphere. Position angles 
associated with the linearly polarised component of the 
radiation in this model are expected to coincide with the 
magnetic field projections in Fig. 15. Thus the position angles 
are expected to progress monotonically through some portion 
of 180° during the pulse as the rotation of the star carries 
the polar cone of emission across the line of sight. Figure Ic 
gives model angle waveforms calculated for a dipole inclined 
cat 60° and a range of observer inclinations; Fig. Id presents 
observations of two objects as examples of the many pulsars 
which are nominally consistent with the model (see also, for 
instance, ref. 3). 

There is, however, a second class of pulsars which displays 
more complicated polarisation angle behaviour that cannot 
be adequately accounted for on the basis of the above geometric 
model. In particular, there are several objects in the Arecibo 
pulsar polarisation survey? which exhibit a rapid swing in the 
average polarisation angle by ~ 90° (for example, pulsars 
1541 +-09, 1604—00, 1944+-17, 2016+28 and 2020+28, see 
Fig. 2). Clearly the Radhakrishnan and Cooke model can 
account for only a single rapid change of ~ 180°. Furthermore, 


Relative position angle ( ) 


Fig. 2 430-MHz Arecibo observations of two pulsars which 

exhibit complex polarisation angle morphology (PSR 1944-4-17, 

left; PSR 2016+ 28, right). Rapid transitions of ~ 90° areevident 
in both cases. The position angles are not absolute. 
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Fig. 3 Probability distribution of 
linear polarisation angle at a 
sequence of longitudes across the 
pulse of pulsar 2016428, Long. is 
the relative longitude in degrees, 
di> is the amplitude of the total 
intensity average waveform in Jy, 
Al is the vector-average position 
angle waveform in degrees (also 
plotted superposed on the dis- 
tributions for comparison), and 
A2 is the corresponding arithmetic 
(amplitude independent)-average 
polarisation angle waveform. The 
display consists of probability densi- 
ties of polarisation angle (in units 
of 10°) (with a decimal point In- 
dicating 0.05—5.0°) per resolu- 
tion cell. The distributions reflect 
only those data which exceeded an 
amplitude threshold computed 
from the off-pulse noise baseline; 
the final column on the right gives 
the fraction of data above the noise 
threshold (Gn units of 10%). 


9¢° rotation has been found to occur within subpulses of relative proportion of the two ‘90° states’ often changes 
PSR 0809-74 (ref. 5), from subpulse to subpulse in PSR markedly across the pulse waveform (see also ref. 6). The 
2303 + 30 (ref. 4) (two objects dominated by drifting subpulses), varying proportion of the orthogonally-polarised constituents 


and has been noted in several contexts recently®, 


serves to distort a ‘fundamental’ angle waveform which, in 


most cases, is found to be consistent with the Radhakrishnan 


Preferred polarisation angles and Cooke model. (In other words, angle waveforms computed 
Statistical studies of the Arecibo polarisation survey data’ by averaging the data [90°] (instead of |180°]) would compare 
indicate that most objects have, at a given longitude (360° well ((90°|)} with those in Fig. Ic.) Specifically, the character- 
longitude = 1 pulse period), two, nearly orthogonal, pre- istic bimodal nature of the position angle distribution arises, 


ferred polarisation angles of emission, and also that the at least in part, from the rapid transition between states within 
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Fig.4 Two sequences of four-Stokes-parameter. pulse. wave- 
forms from PSR 2016+-28 (a, b). The linear Stokes parameters 
have been rotated through an angle @_(@) (see text) in an effort to 
accurately track the right-most peak in Fig. 3. To this end the 
linearly polarised power is expected to appear exclusively. in 
Stokes parameter Q’. Regions of significant positive and negative 
Q’ are noted (a). The peak total intensity of each pulse has been 
normalised to an arbitrary value. The time resolution is 0.3", 


individual subpulses, as opposed to the simple admixture of 
subpulses having solely one or the other state (see ref. 6). 


_ The sense of circular polarisation changes consistently at the 


transition points in some objects—the transition in these 
cases having the character of a reflection through the origin 
of the Poincaré sphere. | 
The apparently complex polarisation angle behaviour of 
pulsar 2016-++-28 in Fig. 2 provides a clear example of the 
distortion discussed above. In Fig. 3 we show the experimentally 
determined probability distributions of linear polarisation — 


position angle for this object, as a function of longitude within 
the pulse (ọ). The bimodal nature of the polarisation angle — 


distribution is immediately apparent: at each longitude within — 
the pulse there exist two preferred position angles separated 
by 90+-10° (84, On, the left- and right-most maxima in Fig. 3, . 
respectively), both of which rotate slowly across the pulse | 
with d®O,,5/d@ ~ 3.4 degree per degree. State ‘A’ is clearly 
dominant in the central region near the total intensity peak, 
‘B’ is favoured during the last third of the pulse, and the 
transition, occurring at ~ 11.5 ° (relative) longitude, precipi- 
tates the rapid, approximately 90°, rotation in the average 
polarisation angle. The vector-average angle (41) moves 
progressively away from the preferred angle (as indicated by 
the peak of the histogram) on the leading edge of the pulse 
(Fig. 3). In that only the strongest subpulse peaks contribute 
to the histogram here, the more frequent weaker data are 
probably polarised in the orthogonal state. The orthogonal 
state may well therefore be favoured symmetrically on both 
the leading and trailing edges of the pulse, a point which is 
discussed further below. 
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Subpulse polarisation 

Having investigated the occurrence of the two orthogonally- 
polarised angle states in the context of the average polarisation 
angle waveform, it is now clearly of interest to explore the 
nature of subpulse polarisation in the same light. Since the 
linear polarisation at any point in the pulse is observed to 
favour only two orthogonal position angles, the linear Stokes 
parameters at each point can be defined so that one linear 
component, say U’, is always zero and the other, Q’, reverses sign 
between the two states. This arrangement of the linear Stokes 
parameters (Q’, U’) is effected for all longitudes ọ by rotating 
the reference angle from position angle zero to 0g, (@). Two 
sequences of pulses from PSR 2016- 28, in all four Stokes 
parameters, /, Q’, U” and V, are shown in Fig. 4. From Fig. 4 
it can be seen that, although the Stokes parameter U” is im- 
perfectly nulled, the linearly polarised power preponderates 
in QO’ and so our general view seems valid. 


Models 


We wish to interpret the Q’ morphology in terms of the 
properties of subpulse beams according to the genera! tenets 
of the model proposed by Radhakrishnan and Cooke, whose 
views have been both extended and given a firm theoretical 
foundation by Sturrock” and by Ruderman and Sutherland’. 
In addition, Ruderman'® explored the possibility that the 
drifting subpulse phenomenon ts produced by narrow subpulse 
beams circulating round the dipole axis. The dimensions and 
motions of such subpulse beams seem to be consistent 
with a hollow-cone average beam—a concept suggested by 
Komesaroff? which now seems to be in agreement with much 
experimental evidence". Figure 5 summarises the various 
relevant features of these models in a single drawing where we 
have yet to speculate on the polarisation structure of the 
subpulse beams (indicated by +/-— signs). Finally, the presence 
of two unresolved components in the total intensity average 
waveform of 2016-28 (evident in Fig. 2 as well as in other 
observations!) suggests that our line of sight passes somewhere 
near the inside edge of the cone as indicated in Fig. 5. 


The Q’ Stokes parameter 


The Q’ waveforms in Fig. 4 provide a tracing of the two ortho- 
gonal modes of emission (the sense of Q’ distinguishing be- 
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tween the two) as the rotation of the star carries the pulsar’s 
polar region across our line of sight. It is evident in Fig. 4a that 
central subpulses (those near the total intensity peak of the 
pulse) are most frequently characterised by a large negative 
excursion of Q’, bounded on one or both sides by smaller 
positive regions. The configuration depicted in Fig. 5 (a, c, e)-— 
that is, a total power beam with a central lobe of one emission 
state (O’ < 0), bounded symmetrically by two sidelobes of the 
orthogonal state (Q’ > Q)-~-seems to be the simplest time 
invariant beam largely compatible with the observed subpulse 
polarisation characteristics. In particular, the subpulse beams 
in Fig. 5 (A, i) do not reproduce the observations satisfactorily. 
Depending on the manner in which the line of sight cuts the 
subpulse beams, a-e, there is substantial flexibility in the kinds 
of subpulses produced: a well centred subpulse beam (Fig. 5c) 
produces a symmetrical, negative-Q’-dominated subpulse 
(Fig. 5C), whereas less central beams (Fig. 5a, e) result in 
increasingly asymmetrical, positive-Q’-dominated subpulses 
(Fig. 54, B, D, E). Although it is difficult to identify positive- 
Q’-dominated subpulses at the extreme leading and trailing 
edges of the pulse (Fig. 4) because of the low intensity, Fig. 3 
provides evidence that the orthogonal (Q° > 0) state was 
favoured symmetrically at the extremes of the pulse. That the 
symmetry is not more pronounced seems to indicate that we 
are able to see subpulse circulation further in the direction of 
Fig. 5a than in that of Se. Furthermore, the subpulses of PSR 
20164-28 generally seem to consist of one or more micro- 
pulses!? which appear to perturb the foregoing picture, often 
producing a narrower version of the subpulse polarisation 
beam apparently superimposed on the broader beam. Some 
examples of subpulses dominated by micropulses can be seen in 
Fig. 4b. The actual nature of the radiation is doubtlessly much 
more complicated than we have cutlined here and observations 
with much finer time resolution are required to study polarisa- 
tion properties at the micropulse level. 


Discussion 

Although it is not yet clear whether every aspect of the polarisa- 
tion properties of PSR 2016+ 28 are typical of pulsars, some 
generalisations can be made from the observations. Statistical 
studies similar to Fig. 3 show both that the two orthogonal 
‘90° states’ of emission are a characteristic feature of pulsar 


Fig. 5 A schematic 
drawing of the subpulse 
beam model for PSR 
Swe” 2016428 under con- 
sideration (see text). This 
is essentially Ruderman’s 
elaboration’? on the 
Radhakrishnan and 
“ee? Cooke model’, wherein 
subpulse beams are 
thought to circulate 
within a hollow-cone 
average beam, except 
that we now specifically 
consider the nature of 
subpulse polarisation (+ 
/- indicates the two 
$ 7 orthogonal lobes of sub- 
pulse polarisation). The 
dashed curve traces the 
approximate path of the 
line of sight across the 
“eee polar ei date 
i Sketches of  subpuise 

Longitude waveforms correspond- 

ing to cuts through three 
of the illustrated sub- 
pulse beams (a, c, e) are 
given on the right (4, C, 
E), as well as two inter- 
mediate cases (B, D). 
Polarised subpulse lobe 
structures (4) and (D do 
not seem to correspond 

to the observations. 
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radiation and that a much larger group of pulsars can now be 
well described by a simple geometric model when the nature of 
their radiation is appropriately considered. The polarised 
individual pulse waveforms of PSR 2016+ 28, as well as other 
objects with strong drifting subpulse modulation, have a 
straightforward interpretation wherein subpulse beams with a 
rigid polarisation pattern are viewed in different orientations 
as time progresses. Pulsars 1919-4-21, 1944+-17, 2016+ 28, the 
second component of 2020-}-28 and 2303-+30 in the Arecibo 
survey as well as PSRs 0031 —07 and 0809 +74 in other studies® 
all bear out various features of this view. On the basis of current 
pulsar models we have suggested one method of producing 
subpulse beams which change their orientation on the sky as 
required: narrow subpulse beams with time-invariant polarisa- 
tion patterns circulate around the dipole axis maintaining a 
fixed orientation to the plane of the magnetic field. Our specula- 
tions regarding the polarised lobe structure of the subpulse 
beams are less certain but may have some generality. Neverthe- 
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less, we hope that they will serve to prompt some further 
theoretical investigations of emission mechanisms and pro- 
pagation effects!* in pulsar magnetospheres. 

Arecibo Observatory is operated under contract to the NSF 
by Cornell University. 
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Structure of locust adipokinetic 
hormone, a neurohormone that 
regulates lipid utilisation during flight 
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Adipokinetic hormone, isolated from locust corpora 
cardiaca, has been identified as a blocked pep- 
tide: PCA-Leu~Asn—Phe-T hr—Pro-Asn—-Trp—Gly-T hr- 
NH: The detailed structure is based on mass 
spectrometric data, substantiated in part by dansyl- 
Edman and carboxypeptidase data on thermolytic 
fragments, This is the first peptide hormone from an 
insect neuroendocrine organ to be fully characterised. 





IN insects, it has been shown (for reviews, see refs | and 2) 
that peptide and protein hormones are produced by neuro- 
secretory cells or glandular cells associated with the neuro- 
endocrine system. These neurosecretory cells are in the 
brain, the corpora cardiaca and the medial nervous system. 
Much work has been carried out investigating the factors 
present in the corpora cardiaca, which are neurohaemal 
organs that both store and release neurosecretory products 
synthesised in the brain, and contain intrinsic glandular 
cells producing their own secretions. So far, factors that 
affect cuticle tanning’, water balance‘, carbohydrate 
metabolism”, muscle contraction’! and lipid metab- 
olism"’~"* have all been found in the corpora cardiaca from 
various insects, and many of these factors have been shown 
to be of a peptide nature. Until now, however, none of 
these active substances has been purified and fully 
characterised. We report here the purification and identi- 
fication of one of these factors, the adipokinetic hormone 
from the locust. 

The existence of an adipokinetic hormone in locusts, 
located in the corpora cardiaca and concerned with flight 
activity, was first suggested by Mayer and Candy" and 


(preter mane mr a reared tm 


Beenakkers’”’. During the initial stages of flight, before 
release of the hormone, energy is derived from trehalose in 
the haemolymph”. A few minutes after the commencement 
of flight, however, the hormone is released from the 
intrinsic secretory cells located in the glandular lobes of the 
corpora cardiaca™ into the haemolymph; this hormone has 
two separate sites of action. It causes the release of specific 
diglycerides from the fat body" into the haemolymph. 
These diglycerides, which are transported as lipoproteins in 
the haemolymph”, are used by the flight muscle as a source 
of energy. The adipokinetic hormone also stimulates the 
utilisation of these lipids by the flight muscle’. Conse- 
quently, the hormone is important in the maintenance of 
prolonged flight activity, by enabling the locust to utilise its 
lipid stores for energy. Mayer and Candy" first indicated 
that adipokinetic hormone was a peptide as its biological 
activity was destroyed by proteolytic enzymes. 


Isolation 


Throughout the purification procedure the hormone was 
located by measuring its lipid-mobilising activity when 
injected into adult male Locusta. Samples to be injected 
were dissolved in 20 ul simple insect saline (7.5 g NaCi+ 
0.375 g KCI"). Aliquots (5 aD of haemolymph were with- 
drawn immediately before and lh after injection of the 
samples and the changes in haemolymph lipid content 
measured as described previously”. A unit of adipokinetic 
activity was arbitrarily defined as the quantity of hormone 
that causes the release of 1 wg lipid per ul haemolymph in 
Ih. 

The hormone was isolated from the glandular lobes of the 
corpora cardiaca from both the migratory locust, Locusta 
migratoria, and the desert locust, Schistocerca gregaria. The 
material extracted from 3,000 corpora cardiaca (750 ug) 
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Fig. 1 Separation of an extract of locust corpora cardiaca on 
G-75-50 glass beads. The residue from a methanol extract of 
the glandular lobes from 500 locusts was dissolved in 1 ml 
distilled water and applied to a column (2 x 25 cm), equilibrated 
and eluted with water. Flow rate 30 mlh7!. The effluent was 
collected in 2-ml fractions. The adipokinetic activity of every 
third fraction, diluted 1:49 with simple saline was measured, 
taking the mean response from 4 test insects. —, Ass: @, 
adipokinetic activity; 1———!, pooled fractions. 


has been used to characterise the hormone fully. The 
glandular lobes were dissected out under simple saline and 
placed in methanol, The tissue was disrupted using an 
MSE 100W ultrasonic disintegrator, and the insoluble 
debris removed by centrifugation. Methanol was evaporated 
from the supernatant and the residue 
distilled water. This aqueous extract was applied to a 
controlled-pore glass bead column (G-75-50 beads, Sigma) 
and the column eluted with distilled water. A profile as 
shown in Fig. 1 was obtained. The hormone was eluted as 
a single peak at an elution volume slightly fess than the 
total column volume. The active fractions were pooled and 
water was removed under reduced pressure at 50 °C. The 
residue was dissolved in methanol and applied to a silica 
gel thin-layer plate prewashed with methanol. The chroma- 
togram was developed in isopropanol-water—acetic acid 
(25:10:1v/v) which separated out an ultraviolet- 
absorbing area of R; 0.67 that contained the adipokinetic 
activity. The active material was eluted into methanol and 
subsequently shown to be the pure hormone. The purifica- 
tion procedure, showing the recoveries of active material 
at each stage, is summarised in Table 1. Overall, approxi- 
mately half of the original adipokinetic activity in the 
glandular lobes was recovered by this method. 

Between 100 and 250 pmol (calculated from the amino 
acid content) of the pure hormone were obtained from one 
Locusta compared with 200-250 pmol from one Schisto- 
cerca. Taking into account the losses during purification 
it is estimated that the glandular lobes from the corpora 
cardiaca of one adult Locusta contain 0.25-0.55 ug stored 
hormone, whereas each adult Schistocerca contains 0.50- 
0.80 peg. 


Structure elucidation 


Analysis of the hormone after acid hydrolysis gave the 
amino acid composition shown in Table 2a and suggested it 
was a nonapeptide. The amino acid compositions of the 
peptides isolated from both Locusta migratoria and Schisto- 
cerca gregaria were found to be almost identical. The 
hormone did not react with dansyl-chloride’® and in electro- 


redissolved in- 
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Table 1 Purification of adipokinetic hormone from glandular lobes 
of locust corpora cardiaca - 


l Total adipokinetic s.e. of 
Fraction activity estimate Recovery 
(units) (%) (%) 
Methanol extract 1,158,300 i4 100 
Pooled column fractions 982,800 5 85 
Thin-layer chromatography 
fraction, Rr 0.67 649,300 12 56 


AANA Aan 


Values are for a preparation from the glandular lobes of 500 
locusts. 


phoresis at 50Vcm™' in formate buffer (pH 2.1) on 
Whatman number 1 paper, it moved with the neutral 
marker, 1!-diaminonaphthalene-sulphonic acid (DNS-OH),. 
It also coelectrophoresed with the neutral marker alanine at 
pH 6.5 (pyridine~acetate buffer), the peptide being located 
in each instance by staining with starch-iodide after 
chlorination”, These results suggest that the peptide does 
not possess any free amino or carboxyl groups. 

The blocked N-terminal amino group of the hormone 
prevented direct determination of the sequence using the 
dansyl-Edman procedure’. Enzymatic digestion of the pep- 
tide with thermolysin for 4h at 37 °C (120 nmol hormone, 
1.2 nmol thermolysin in S001 0.067 M NHiHCO, con- 
taining 2.5 amol CaCl), caused the appearance of a residue 
with a free amino group, identified as phenylalanine using 
the dansyl-chloride procedure. Electrophoresis of the digest 
at 50 V cm™* on Whatman 3MM paper at pH 6.5 followed by 
staining, showed two fragments—-one acidic with a mobility 
of +0.55, and one basic with a mobility of ~0.29, relative 
to aspartic acid. Electrophoresis at 50 V cm™ on Whatman 
number | paper at pH 2.1, also indicated the presence of 
two fragments, one which moved with the neutral marker, 
DNS-OH, and the other with a mobility of +0.37 relative 
to dansyl-arginine. Crude molecular weight determinations 
from these electrophoretic mobilities”'” indicated a value of 
approximately 350 for the acidic (N-terminal) fragment and 
700-800 for the basic (C-terminal) fragment. Elution of 
these peptides from the electrophoretogram gave an 80%, 
yield of the N-terminal fragment and 20% of the C-terminal 
fragment. The amino acid compositions of the fragments 
after acid hydrolysis are shown in Table 24 and c. 

The N-terminal fragment was degraded sequentially from 
its C-terminal end by enzymatic digestion, and the digests 
analysed on the amino acid analyser without previous 
hydrolysis. Incubation of 9nmol of this fragment with 
penicillocarboxypeptidase-S! (ref. 23) for 3.5h at 37 °C (in 
100 wl 0.2 M pyridine-acetate, pH 4.2, containing 0.15 nmol 
penicillocarboxypeptide-Sl) released 8.7 nmol of a ninhydrin- 
positive substance, identified as asparagine using the dansyl- 
chloride procedure. Incubation of 8 nmol of the fragment 





Table 2 Amino acid composition after acid hydrolysis of adipokinetic 
hormone and fragments obtained by thermolysin digestion 


a b c 
Relative molar quantity in: 
Amino acid Hormone N-terminal C-terminal 
fragment fragment 
Asp 1.82 1.07 1.15 
Thr 1.82 1.71 
Glu 1.11 1.49 
Pro 0.96 1.00 
Gly 1.05 1.71 
Leu 1.00 1.00 
Phe 0.97 0.77 





Hydrolyses were carried out in 6 M HCI containing 0.1 %4 phenol. 
Results are expressed relative to Leu = 1.00 for the hormone and 
N-terminal fragment, and relative to Pro = 1.00 for the C-terminal 
fragment. 
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Fig. 2 Mass spectrum at a source temperature of 250°C of a permethyl derivative of adipokinetic hormone. >> 


nue 


‘Asn, +: Phe and 


-- + Trp refer to an N-C cleavage fragmentation pathway****, 


with (DFP)-treated carboxypeptidase A (prepared by the 
second procedure of Ambler”) for 24h at 37 °C (in 25 ql 
0.2 MNH;HCO; containing 80 pmol carboxypeptidase A) 
released 3.8 nmol asparagine and 0.8 nmol leucine, This 
shows that the fragment has the sequence -Leu-Asn at its 
C-terminal end, leaving glutamic acid as the N-terminal 
residue. The N-terminal amino group of this residue is 
blocked in some way, as it does not react with dansyl- 
chloride. 

The amino acid sequence of the C-terminal fragment 
was first investigated using the dansyl-Edman degradation 
procedure. This indicated the sequence Phe~Thr—Pro— 
Asn- for the first four residues. 

So far a partial structure for adipokinetic hormone could 
be written as: X~—Glx-—Leu—Asn - - - - Phe-Thr—Pro—Asn-, 
where X represents some blocking group and the dashed 
line a probable linkage between fragments. An additional 
threonine and a glycine residue present in the amino acid 
analyses of both the intact hormone and the C-terminal 
thermolytic fragment remained unaccounted for. 

Mass spectrometric methods” were applied both to the 
thermolytic fragments and to the intact hormone to 
determine its overall structure. 


Blocked N terminus 

Examination of the acetyl-permethyl derivative’® of a 
thermolytic digest of adipokinetic hormone was made using 
the mixture analysis fractional distillation technique”. 
Low temperature scans showed an N-terminal’ sequence 
fragment at m/e 98 which together with a weak signal at 
m/e 126 is characteristic of an N-terminal pyroglutamic 


acid residue. 
CH, 
oO x ee Ke 
C CH, 


\ / 
N — CH — CO 
CH; 
98 126 


When the associated signal m/e 126 is weak as here, this 
shows conclusively* that the N-terminal residue is a pyrro- 
lidone carboxylic acid (PCA) residue before derivative 
formation. After these signals, a sequence PCA-Leu was 
established using a signal at m/e 253. 

At higher source temperatures a second component 
volatilised giving a mass spectrum with signals at m/e 204, 
N-terminal Phe; at 333, Phe-Thr: at 430, Phe-Thr-Pro; 
and at 586, Phe-Thr—Pro—Asn. 

Other signals in the spectrum provided firm evidence 
of the presence of an additional amino acid residue, other 
than those in the amino acid analysis of the acid hydro- 
lysate of adipokinetic hormone (Table 2). 


Complete structure and the 
presence of tryptophan 


The mass spectrum described above and all spectra of the 
intact hormone derivatives (see below) contain strong 
signals at m/e 144, 184, 214 or 215 (refs 25 and 29), (or the 
signals of their deuterated equivalents), together with 
sequence ions, which imply the presence of tryptophan in 
adipokinetic hormone. Although unexpected, it could 
readily be placed in the sequence by analysis of the ‘thermo- 
lytic’ and ‘intact hormone’ spectra. For example, the 
spectrum described above, interpreted as Phe-Thr—Pro—Asn, 
contained further signals showing that the asparagine 
ds followed in sequence by tryptophan. In one of the 
thermolysin digests examined, this tryptophan was C- 
terminal (m/e 215), although it was not in the studies of 
the undigested hormone as shown below. The presence of 
this tryptophan was confirmed and the sequence was ex- 
tended to the true C terminus by analysis of the spectra of 
the intact hormone derivatives. 

Figure 2 shows the mass spectrum of the acetyl- 
permethyl derivative” of intact adipokinetic | 
was interpreted as follows: Abundant sequ 
m/e 98, 253, 409, 570 and 699 are readily as 
Leu~Asn-Phe-Thr as the N-terminal seque 
the blocked N terminus and the presum 
bond assumed from the thermolysin data. Other 
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Fig. 3 Mass spectrum at a source temperature of 270 °C of a perdeuteromethy! derivative of adipokinetic hormone. Mass shifts are 
correlated with signals in Fig. 2 to support the assignments made. For details see text. 


signals in the spectrum derive from N-C cleavage path- 
ways™™? which originate from signals at m/e 126 (aspara- 
gine), 131 (phenylalanine) and 184 (tryptophan). 

The most important of these N-C cleavage pathways, as 
regards interpretation of structure, is that emanating from 
tryptophan at m/e 184. Testing for amino acid mass differ- 
ences from m/e 184 the first major unassigned signal is at 
mie 255, a glycine mass difference away. That this signal 
could be due to a threonine residue eliminating its side 
chain with rearrangement, is unlikely, as neither a threo- 
nine sequence ion (m/e 313) nor an associated loss of 
methanol (m/e 281) are present in the spectrum. Moving 
from m/e 255 to higher mass, m/e 384 can be assigned to 
a threonine mass difference, losing the expected 32 mass 
units (CH;OH) to give the smaller signal at m/e 352. The 
reason for m/e 370 not being assigned to a serine residue 
is that no expected loss of 32 from this signal is observed. 
After m/e 384 a 44 mass unit difference to m/e 428 is 
assigned as a C-terminal amide in adipokinetic hormone 
(an ester would have given a signal at m/e 415). The 
assignment of m/e 428 to the structure shown below is fully 
substantiated by the expected losses of methanol (m/e 396) 
and the threonine side chain (m/e 370). 


184 -255 (384) 428 
ae P | A G 
o |Ha OCH, © | 
| a a: i i ; 
l ns ee oi oe n j 
: CH=CH OFN =C HAACH set NiCH,), 
Pcs, r CH- f | F NICH»), 
| ! CH-OCH, 
So l 
mi N° CH, 


CH, 


Probably the most powerful confirmation of low resolu- 
tion structure assignments in mass spectrometry is made by 
observing the shift in signals associated with the synthesis 
of deuterated derivatives’. The mass spectrum of per- 
deuteromethyl adipokinetic hormone is shown in Fig. 3. 
Although the overall appearance of the spectrum is slightly 
changed by temperature and derivative procedure effects, 
all the major assignments made in Fig. 2 are vindicated by 


the correct mass shift of the corresponding signals. In 
particular, m/e 187, 261 and 446 in Fig. 3 have moved by 3, 
6 and 18 mass units, as would be expected from the struc- 
ture shown above, and justify the assignment of C-terminal 
Trp-Gly—Thr-amide. The presence of tryptophan in adipo- 
kinetic hormone has since been confirmed both after acid 
hydrolysis in the presence of 2% thioglycolic acid*! (30% 
tryptophan recovery), and after hydrolysis in p-toluene 
sulphonic acid” (50% recovery). Summarising the fragment- 
ation data of Figs 2 and 3 the overall structure of adipo- 
kinetic hormone is shown to be: PCA-Leu~Asn—Phe-Thr—- 
Pro—Asn-Trp-Gly—Thr-NH:. The hormone is therefore a 
blocked decapeptide and its molecular weight is 1,158. 


Biological activity 

The biological activity of the fragments produced by 
thermolysin digestion of the hormone was investigated and 
compared with the activity of the natural hormone. Figure 
4 shows a dose-response curve for pure adipokinetic hor- 
mone injected into adult male Locusta. At doses above 
about 4Spmol of hormone the response is near maximal. 
Doses of the thermolytic digest containing up to 30 pmol of 
each fragment, however, did not elicit any lipid-mobilising 
response when injected into locusts. (Thermolysin was in- 
activated by boiling before injection of the sample.) Con- 
sequently, it seems that cleavage of the hormone between 
its third and fourth residues completely destroys its bio- 
logical potency, as neither of the resulting fragments 
possesses any adipokinetic activity. 

It is clear that biologically active peptides are com- 
ponents of various control in insects. It was not until 
relatively recently, however, that any such peptide had 
been isolated in sufficient quantity for its molecular struc- 
ture to be determined. The amino acid sequences of a 27- 
residue peptide from the male fruit fly’s accessory gland 
that influences female mating behaviour”, and of a penta- 
peptide that is a proposed neurotransmitter in the cock- 
roach”, have both been elucidated. To our knowledge the 
data presented here form the first instance of the complete 
characterisation of an insect neurchormone. This elucida- 
tion of the detailed structure of an insect peptide hormone 
may be the first step in development of new ways to control 
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Fig. 4 Dose-response curve for locust adipokinetic hormone. 

Samples of the pure hormone, dissolved in 20 pl simple saline, 

were injected into 16-d-old adult male Locusta. Each point 
represents the mean activity +s.e. from 6 animals. 


insect pests. Once the structure-activity relationships are 
resolved, it may be possible to design compounds which 
interfere specifically with the normal functioning of the 
insect neurosecretory system; such interference will d’srupt 
many morphological, metabolic and physiological events. 
Indeed it has been shown that treatment with conventional 
insecticides provokes the release of large quantities of 
neurohormones, and it is suggested that such release may 
be the, or a contributory, cause of death”, 

The cerebral neurosecretory cell-corpus cardiacum com- 
plex in insects is analogous with the hypothalamic 
neurohypophysial system in vertebrates”. Therefore it is 
of particular interest that the insect hormone identified 
here possesses features in common with certain hormones 
secreted by the hypothalamus. Thus both the N-terminal 
pyroglutamic acid residue and the C-terminal amide shown 
for adipokinetic hormone in the present paper, are also 
seen in thyrotropin-releasing hormone®’*’ and _ luteinising 
hormone-releasing hormone". A recently characterised 
crustacean neurohormone, the red-pigment-concentrating 
hormone from shrimps“, also possesses these features. 
Moreover, in spite of its different biological function this 
shrimp hormone has a similar amino acid sequence to 
adipokinetic hormone (adipokinetic hormone: PCA—Leu- 
Asn-Phe~Thr—Pro—Asn-Trp-Gly~Thr-NH»; shrimp hor- 
mone: PCA~—Leu~Asn—Phe~Ser—Pro—-Gly~Trp—~NH:). Some 


ail 


early experiments + in which extracts of insect corpora 
cordiaca caused a bleaching effect when injected into 
shrimps emphasises the similarity in structure of these two 
hormones. Further characterisation of hormones is clearly 
necessary before it can be ascertained whether close 
structural relationships exist among all arthropod neuro- 
hormones, 

The synthesis of adipokinetic hormone is in progress. H 
is expected that the synthetic peptide will confirm the 
structure of the hormone postulated here. 
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The sequence A~A~U—A-—A~—A is present in six different 
purified messenger RNA molecules (specifically the a- 
and B-globulin mRNAs of rabbit and human, the im- 
munoglobulin light chain mRNA of mouse (MOPC 21) 
and the ovalbumin mRNA of chicken) about 20 residues 
away from the 3’-terminal poly(A) sequence. In addition, 
a large selection of the 3’ non-coding regions of rabbit 
and human globin mRNAs (both the «- and B- globin 
mRNAs) are 85% homologous, demonstrating that this 
region is significantly conserved in evolution. 





EuKARYOTIC mRNAs have been shown to contain several 
surprising structural features. For instance, they contain 
modified terminal sequences, specifically the 3’ terminal 
poly(A)’ and the 4’ terminal m'Gppp or cap structure’’, 
both of which are added to mRNA post-transcriptionally. 
In addition, mRNA from higher organisms has been shown 
to contain substantially more sequence than is required to 
code for protein. A generalised diagram of the organisation 
of the various regions in MRNA is shown in Fig. 1. 

The cap structure and at least a part of the 5° non-coding 
sequence are thought to be involved in the binding of the 
mRNA to the ribosome in the correct initiation of protein 
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Fig. 1 Generalised diagram of a mRNA molecule. There are, however, exceptions to this general arrangement. For example, histone 


mRNAs lack poly(A) and polio mRNA lacks Cap‘. See text for explanation of ribosome binding site and A-A-U-A-A-A 


synthesis’. The details of these processes are, however, still 
unknown. Thus a region of about ten nucleotides, referred 
to as the ‘ribosome-binding site’ (Fig. 1) seems to base-pair 
with a sequence at the 3’ end of the 16S ribosomal RNA in 
Escherichia coli. Although such a process has yet to be 
demonstrated in higher organisms, it would seem likely that 
such an important mechanism would be conserved in evolu- 
tion. 

In contrast to the 5’ non-coding region, the function of 
at least a part of which the sequence is known, there is no 
direct information on the function of the 3’ non-coding 
region. This is surprising as the 3’ non-coding region is longer 
than the 5’ non-coding region—at least with the globin 
mRNAs, for which reasonably accurate estimates have been 
made’. To find out more about this part of the structure of 
mRNA we have developed a method that has enabled us to 
determine the sequence of that part of the 3’ non-coding 
sequence which lies immediately adjacent to the poly(A)’”. 
By comparing this sequence from a number of different 
mRNAs we have attempted to locate common features 
which might indicate regions with particularly important 
functions. We therefore present here sequences of varying 
lengths adjacent to the poly(A) of rabbit a and 8 globins’’, 
human a and 8 globins (N.J.P. and J. I. Langley, unpub- 
lished), mouse immunoglobulin light chain’® and chicken 
ovalbumin’? mRNAs. A comparison of particular interest 
was that of the sequences of the globin mRNAs in rabbit 
and man. If these 3’ non-coding sequences showed reason- 
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able evolutionary stability this would argue for their 
importance functionally. 


Sequence homologies 


Figure 2 shows the sequences adjacent to poly(A) for the 
six mRNAs, specifically rabbit a and 2 globins, human « 
and £ globins, mouse immunoglobulin light chain (MOPC 
21) and chicken ovalbumin mRNA. All six mRNAs possess 
the homologous sequences A-A-U~A-A-A (enclosed in 
boxes) between 14 and 20 nucleotides from the poly(A) 
sequence. In addition, human -globin mRNA and chicken 
ovalbumin mRNA have a more extensive region of sequence 
(Fig. 3). In detail a region of 13 nucleotides is completely 
homologous, save one nucleotide, for the two mRNAs. It is 
also interesting, although possibly less significant, that the 
other four mRNA sequences have an additional G residue 
conserved on the 3’ side of the homologous sequence: A-A- 
U-A-A~A-G (Fig. 2). 

Another region of partial sequence homology between the 
six MRNAs is the sequence directly adjacent to the poly(A). 
Thus five of the six mRNAs possess the sequence G-C~ 
poly(A). The immunoglobulin light chain mRNA, however, 
does not possess this sequence. This result is a correction to 
a previous publication” in which a single G residue was in- 
correctly inserted. Thus mRNA can have different sequences 
adjacent to poly(A), a result in agreement with other 
studies’®''”, 


Fig. 2 Comparison of sequences adjacent 
to poly(A) in six eukaryotic mRNAs: a, 
rabbit a-globin; b, rabbit B-globin; c, human 
a-globin; d, human f-globin; e, mouse 
immunoglobulin light chain: fA chicken 
ovalbumin mRNAs. The full sequences of 
the globin mRNAs are shown in Fig. 4, 
whereas those of the immunoglobulin light 
chain and chicken ovalbumin mRNAs are 
presented elsewhere ™. Boxed sequences 
denote homology, whereas underlined se- 
quences denote partial homology. Numbers 
indicate distance from poly(A). The sequence 
analysis of the six mRNAs is described in 
detail elsewhere (refs 7, 10 and 11, and 
N.J.P. and J. I. Langley, unpublished). Each 
mRNA was copied into **P-labelled cDNA 
using DNA polymerase I (CE. coli) in the- 
presence of Mn** and a-?*P-labelled deoxy- 
ribonucleoside triphosphates with oligo(dT), 
as primer®. In such conditions, short tran- 
scripts of the mRNAs were obtained (50-100 
nucleotides long) complementary to the 3’- 
terminal regions of the mRNAs’. These 
cDNA molecules were then digested with 
endonuclease IV (refs 12 and 13) and the 
products obtained were sequenced using 
standard DNA sequencing procedures***», 
Note that the mouse immunoglobulin light 
chain and the rabbit a- and f-globin sequences 
contain corrections to previously reported 
sequences®!*, These mistakes were detected 
by improvements in the sequencing method- 
ology™™. 
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Fig. 3 Comparison of a small section of human f globin (a) 

and chicken ovalbumin mRNAs (b). Outside box encloses 

homologous sequence, inside box encloses sequence common 

to all six mRNAs. Numbers denote distance of that nucleotide 
from poly(A) sequence. 


Comparison of human and rabbit sequences 


He One direct test as to the functional importance of a parti- 


cular nucleotide sequence is to establish how conserved or 
‘otherwise that sequence is among different species. If the 
sequence has completely diverged as in the case of satellite 
DNA” its function may be regarded as not sequence specific. 
Alternatively if the sequence has been very highly con- 
served, its function can be considered to be highly specific, 
and central to the overall biological role of the molecule. 
Such may be the case with the 3’ non-coding regions of 
globin mRNA. Figure 3 compares the nucleotide sequences 
determined for our own and other studies for rabbit a- and 
B-globin and human a- and £-globin mRNAs. As in- 
dicated, the sequences of these 3’ non-coding regions are not 
yet completely known as there is a gap of about 50 nucleo- 
tides in both a-globin mRNA sequences and another of 50 
or more nucleotides in the -globin mRNA sequence’. 
Nevertheless, sufficient of the sequence is known to make 
a preliminary comparison of the data informative. 

Both the a- and B-globin mRNA sequences are exten- 
sively conserved between human and rabbit. Indeed, of 
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129 nucleotides from the 3’ non-coding sequences, only HH 
substitutions occur. In addition, there are four examples of 
deletions and insertions of between one and three nucleo- 
tides. This may be regarded as 15.5% nucleotide sequence 
variation between the two species. | 

One way of assessing the significance of this figure of 
about 15% is to compare it with the extent of divergence 
of the respective coding regions. There is, however, insuffi- 
cient sequence data available at this time to make such 
a direct comparison possible. Alternatively the coding — 
regions of these mRNAs may be considered in two parts: 
those nucleotides that on mutation would cause an amino 
acid replacement, and those that would not (neutral muta- 
tions). From amino acid sequence data on rabbit and human 
globins™ the number of mutations causing amino acid sub- 
stitutions. between the two species may be calculated as 
5.9%. Furthermore, Paddock. etal.” have compared their 
limited sequence data on rabbit globin mRNA with the 
sequences determined for human globin mRNA. by Marotta 
et al.”; and have suggested that the degree of neutral muta- 
tion is much larger, as much as 55%. Further sequence data 
are required to check this figure. From this preliminary 
conclusion it follows that the 15% divergence shown here 
in the 3’ non-coding regions is a larger divergence than is 
allowed in those nucleotides. which would change the amino 
acid sequence, but a smaller divergence than occurs in the 
degenerate (neutral) nucleotides. The significance of this 








in terms of function is probably that the Y- non-coding 


region is under less selective pressure than the nucleotides 
specifying amino acid sequence. This is perhaps not sur- 
prising. But equally the 3’ non-coding region is much more 
conserved than are the nucleotides which are degenerate 
in the triplet code. 

The above conclusions are preliminary because the com- 
plete 3’ non-coding sequence is unknown. Indeed it is quite 


Fig. 4 Comparison of human and rabbit globin mRNA sequences: a, a MRNA; b, B MRNA. H, Human; R, rabbit: X, base change 

between human and rabbit; +, addition of sequence; —, deletion of sequence. With a-globin MRNA sequences, termination regions for 

the two species are also compared and the position of the carboxy-terminal amino acid sequence of a globin (the same for both species, see 

ref. 23) is positioned. The mRNA sequence connecting the termination regions with the 3’-terminal regions is indicated by a line, The 

nucleotide sequence determination of the rabbit and human globin mRNA 3’-terminal regions is described in detail elsewhere (ref. 7 and 

N.J.P. and J. I. Langley, unpublished). The termination sequence for the rabbit a-globin mRNA has been determined by N.J.P. (unpub- 
lished), whereas the human a-globin termination sequence has been established by others! *t, 
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possible that only the termination region and the sequence 
adjacent to poly(A) is conserved at the 15% level, whereas 
there is a greater sequence variation in the rest of the 3’ 
non-coding region. 


Discussion and conclusions 


The A-A-~U-—-A~A~A sequence present in all six mRNA 
3’ terminal sequences seems to display the most significant 
sequence homology between mRNAs. As this sequence has 
been demonstrated in four different species—-human, mouse, 
rabbit and chicken-—-it seems likely that it is present in all 
eukaryotic MRNA, although further work will be necessary 
to be completely certain. The biological functions of this 
sequence remain unknown, although one may speculate 
from its proximity to the 3’ end of the mRNA that it is a 
signal for an enzyme involved either in the synthesis or 
processing of mRNA from its presumed precursor’. The 
conservation of sequence between the 3’ non-coding 
sequences of human and rabbit globin mRNA further 
suggests that much of this non-coding sequnce, in addition 
to the A~A-U-A-A-~—A sequence, might possess defined 
sequence-specific functions. As much of the non-coding 
sequences described above are not homologous for different 
mRNAs, however, these functions may be specific to 
individual mRNAs rather than common to all. 

The direct sequence analysis of complementary DNA 
(cDNA) has provided, and no doubt will continue to pro- 
vide, a powerful method for the sequence determination of 
eukaryotic MRNA. This method, as with others’, has, 
however, certain limitations. In particular the 5’-terminal 
regions of mRNA are particularly inaccessible when prim- 
ing the synthesis of cDNA with oligo(dT) hybridised to the 
3’ terminal poly(A). It may be feasible, however, to over- 
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come this problem by using primers complementary to 
other regions of mRNA. Also, it is now possible to sequence 
cDNA that has been inserted into a bacterial plasmid", 
Such DNA sequences are in a double-stranded state and are 
therefore susceptible to restriction enzyme digestion and the 
new rapid DNA-sequencing procedure described by Sanger 
and Coulson”. 

We thank E. M. Cartwright for assistance. N.J.P. is a 
junior Beit Memorial Fellow. 
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Effects of physical adsorption 
on porous interstellar grains 


SoLip grains in space are likely to be highly porous in character. 
Data from meteorites!, micro-meteoritic trajectories’, as well as 
from comets? provide indirect evidence that Solar-System grains 
are porous and a similar porosity is to be expected for inter- 
stellar grains. This would have important consequences for 
interstellar molecular hydrogen formation, and for the expected 
densities of noble gases in meteorites: 

The effects of porosity in laboratory materials such as zeolites, 
silica gels and active carbons have been studied for many years‘, 
mainly with a view to exploiting their properties as adsorbents 
and molecular sieves. Adsorbant pores are voids in solids which 
usually communicate with each other. Pore sizes range from 
1,000 A (macropores) to a few A (micropores). The distribution 
of pore sizes to be expected in astrophysical solids depends on 
the mechanism by which they form. The sticking together of 
separate refractory grains embedded in a matrix of volatile ices 
or polymers which subsequently partially evaporate because of 
heating, could result in macroporous structures, as shown in 
micro meteorites (mass densities ~ 0.3 gcm~*), Microporosity 
with pore dimensions <10A may result from the thermal 
dehydration of originally hydrated mineral crystals (for example 
zeolites or silica gels). 

For macroporous grains the total effective adsorption area 
could be increased by an order of magnitude, but the physisorp- 


tion energy remains unaltered. Microporosity, on the other 
hand, leads to enhancement of effective physisorption energy by 
a factor of ~ 5 in a typical case (Fig. 1, ref. 4), together with an 
increase of the adsorption area of a grain by a few orders of 
magnitude. The surface area per unit mass for non-porous 
spherical grains of radius a, density s is 3/as. For typical values 
a= 1.5% 10-'cm, s = 2gcm~4, this gives a ‘specific adsorp- 
tion area’ 10° cm? g~. In the case of a microporous material (for 
example zeolites) an average value for the specific adsorption 
area is 1.5% 10’ cm?g~!, a factor 150 greater than for non- 
porous grains. This enhancement is interpreted as resulting from 
a volume-filling effect. The consequences of these properties for 
the formation of hydrogen molecules in interstellar space and 
for the retentive siting of noble gases in meteorites are examined 
below. 

The condition for efficient H, formation on a grain surface is 
that the residence time of an adsorbed atom exceeds the mean 
time interval between successive arrivals of H atoms. This gives 
a maximum grain temperature 


ee 
m In(a<+>myOT 0) 


where q is the binding energy (Kelvin) of an H atom, a is the 
sticking coefficient, <v> is the mean H atom velocity, o is the 
grain cross-sectional area, and Te is a characteristic desorption 
lifetime. Early estimates® including the effect of zero-point 
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energy in the adsorption energy, with q = 200 K, yielded Tm 
~6K. for typical interstellar conditions. This value of grain 
temperature is unacceptably low. Even the later calculations of 
Hollenbach and Salpeter® which give g ~ 400 K (for hydrogen 
adsorbed on water ice) and 7,, ~ 12 K allow molecular forma- 
tion to occur only in clouds where dust shielding is significant. 
To increase T, they proposed sites of greater binding on the 
grain, because of the presence of impurities and dislocations, 
with g ~2,000 K. For the limited number of these sites they 
chose, Tm increased to 40 K. Microporosity can, however, lead 
to an increase in q at all sites in all micropores. An increase by a 
factor of ~5 gives maximum grain temperatures of ~ 30K. 
Even higher values of Tm are likely since the value ty = 6x 
10-!5s used in earlier calculations is based on the Frenkel 
theory of adsorption for non-porous surfaces. An increase of to 
by several orders of magnitude, likely for porous materials, 
would lead to Ta > 30K. No dust shielding is then required, 
and H, recombination could take place on relatively ‘hot’ grains, 
even in intercloud regions. Such an effect could be important in 
accounting for recent Copernicus observations’. 

Porous grains will have a major role in the origin of primordial 
noble gases in meteorites. An outstanding problem concerning 
the origin of noble gases in meteorites is the enormously large 
nebular pressures needed to account for the observed abun- 
dances in carbonaceous chondrites, if one assumes equilibrium 
solubility models**. Using the experimental data of solubilities 
in magnetite, the pressures needed to obtain the observed 
amounts of rare gases are 5-8 orders of magnitude larger™ than 
might be reasonably estimated'!. To overcome this difficulty it 
has been hypothesised’ that the equilibrium solubility of noble 
gases are 5-8 orders of magnitude larger in the minerals where 
these gases are found than in magnetite. Alternatively, it has 
been proposed that the noble gases may be trapped by physical 
adsorption, the need for a hypothetical increase in solubility 
thus being avoided. The nebular pressures required for such 
adsorption are marginally plausible'? within the framework of 
detailed numerical models for the condensation of the solar 
nebula}, Furthermore, the observed elemental pattern of the 
noble gases is well reproduced by an adsorption process. 

This model, however, based on measurements made on the 
Allende meteorite, suffers two major drawbacks’. Extensive 
heating!? and etching experiments on several meteorites indi- 
cate that the associated gases are firmly bound, and seem to be 
uniformly distributed throughout the host crystal. These facts 
may be taken to imply that the role of adsorption in the con- 
ventional sense is minimal. 

_ The presence of micropores will alter this picture. The 
retentivity will increase enormously from an increase in the 
physisorption energy. Further, the micropores will allow the 
gases to fill the entire volume of grains as opposed to some 
specific surfaces alone. Of course, the evidence gathered so far 
from meteorites indicates merely the existence of pores. The 
spectrum of the radii of the pores has not yet been determined. 
The above physical arguments strongly suggest, however, that 
the minerals containing the noble gases will be highly micro- 
porous. An experimental determination of the degree of micro- 
porosity of chondrites is thus timely and highly desirable. 
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Photon correlation study 
of stellar scintillation 


Durinc the past decade photomultiplier-tube technology and 
signal processing using integrated circuits have progressed 
to the point at which the analysis of fluctuating light signals 
can now be carried out digitally, in real time, with accuracy 
close to the theoretical limit. These ‘photon correlation’ 
techniques have so far found their main application in laser 
light-scattering spectroscopy’ and laser doppler velocimetry”. 
The techniques need not, however, be limited to. applications 
involving lasers and can be used for the analysis of fluctuating 
optical signals of any origin (provided the fluctuation time is 
> 10~* s). Here we report a preliminary study of the statistical 
and temporal correlation properties. of stellar scintillation, 
taking advantage of the fast response time and high sensitivity 
of equipment now standard for laser light-scattering applic- 
ations. 

The twinkling of stars is, of course, a phenomenon of long 
standing interest and a continuing source of controversy. It 
is caused by the presence of fluctuations in the refractive index 
of the Earth’s atmosphere, but the exact nature and role of 
these fluctuations seems to be in some dispute®*. The twinkling 
phenomenon is associated with a fluctuation in amplitude, or 
scintillation, of the optical intensity incident on the eye. This is a 
potential source of information and can be used as a remote 
probe of the atmosphere just as radio-star scintillation has 
been used to investigate the ionosphere’. There is indeed a 
good deal of current interest in this aspect of the phenomenon", 
Unfortunately, it is also a form of noise which may limit the 
resolution of astronomical telescopes. The current development 
of stellar speckle interferometry® as a means of overcoming 
conditions of bad seeing therefore provides further moti- 
vation for a quantitative characterisation and understanding 
of stellar scintillation. 

Observations were made in late January, 1976, at RSRE, 
Malvern (52°8’N, 2°20’°W). The results on Sirius (a Canis 
Majoris) reported here were obtained between 2030 and 2200 


Fig.1 Normalised intensity correlation function of scintillations 

in light received from Sirius, combining the results of several 

measurements taken over a 1.5-h period, not corrected for 
background. a, 5-nm filter; $, without filter. 
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Table 1 Normalised factorial moments n™! of photon-counting 
distribution, that is, normalised moments of the intensity fluctuation 


distribution! 
m nin) 
Uncorrected* Correctedt Gaussiant 
2 2.74 -+0.13 2.89 +0.14 2 
3 16.9-4-2.2 18.8 -+42.5 6 
4 191 +47 223 +55 24 
5 3,226 -+- 1,220 3,942 -- 1,490 120 


*Moments of measured distribution. 

tMoments corrected for presence of background light (~ 4% 
total intensity) assumed to be non-fiuctuating on time scale of 
interest. 

{For a Gaussian field, 2!"! = m! (ref. 1). 


on January 20 with the star coordinates near 165° azimuth and 
21° elevation. Qualitatively similar results were obtained with 
Vega (a Lyr) during the same period. A blustery westerly 
airstream covered the region at this time with wind speeds of the 
order of 10-15 knots near the ground. An ITT FW130 (S820) 
photomultiplier, preceded by an 18.5-cm focal length telephoto 
lens and a filter centred at 443 nm with bandwidth 5nm and 
20% transmission, was mounted about 40 feet above the 
ground on a radar dish programmed to track the star. The star 
was imaged with //22 optics (0.84-cm diameter aperture) on toa 
field stop of diameter 1 mm; this was followed by a dispersing 
lens which distributed the received light over the photo- 
cathode of the detector. The photomultiplier output was thus a 
measure of the light intensity falling on an area of about 
0.55 cm?. Photon detection rates were typically greater than 
2.5 * 104 s~ when the star was in the field of view and of the 
order of 10°s~! when it was not, made up of 10257! room 
temperature dark count and 9x 10° s~ sky background. The 
optical assembly, including telephoto lens, viewing system, 
phototube and amplifier-discriminator circuitry, and the 
digital correlator used to measure photon statistics and corre- 
lations, were standard commercial items (Malvern Instruments, 
UK). For correlation measurements the correlator was 
operated in the single-scaled mode’, which provided a direct 
measurement of the normalised intensity correlation function, 
g(t) <1O)(t)>/<1>* where J is the light intensity and t the 
delay time), whatever the statistics of Z. 


Fig. 2 Probability distribution of photon detections. Experi- 

mental points would lie on the straight line if the received light 

field were Gaussian distributed with the same mean of about 
1 count per 40-ys sample time. 


log.P (7) 
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Figure la shows a composite correlation function obtained 
from several measurements of 1~2-min duration with sampling 
times varying from 20 to 200 ps. A band roughly 2 s.d. wide 
indicates run-to-run variations which arise from both finite 
counting times and non-stationary atmospheric conditions. 
The normalised contrast 


lim g@)(t)—1 
10 


corrected for background, is about 1.9, significantly greater 
than the value of unity expected for Gaussian light. The 
non-Gaussian nature of the fluctuations is also reflected in the 
higher-order intensity moments (Table 1) and the photon- 
counting probability distribution (Fig. 2). A considerably 
reduced contrast of ~ 0,42 was observed, however, when the 
colour filter was removed (Fig. 16). The width at half-height of 
the correlation function is about 1074 s implying a characteristic 
fluctuation time much shorter than the commonly accepted 
value for the response time of the eye. Taking this to be of 
order 1/25 s, however, a r.m.s. contrast of about 10% after 
temporal integration of the whole visible spectrum is indicated 
or 20% if integration is restricted to a 5-nm band. Since the eye 
perceives fluctuations in colour, the latter figure would seem 
to be appropriate for comparison and not inconsistent with 
visual observations, although physiological effects due to image 
motion on the retina cannot be ruled out?®, 

To our knowledge non-Gaussian fluctuations giving contrast 
in excess of unity have not been observed in any previous 
measurements of stellar scintillation, probably because in earlier 
experiments averaging of the intensity pattern occurred through 
the use of large apertures, insufficiently narrow filters or simply 
slow response time instrumentation. High contrast intensity 
patterns are known to be produced in certain conditions when 
an infinite plane wave is scattered by a random phase screen or 
inhomogeneous medium*?. In particular, a random-phase 
screen characterised by a single length scale and introducing 
path differences greater than about one-third of a wavelength 
produces large intensity fluctuations in the region of focusing 
determined by the lens-like behaviour of individual refractive 
index inhomogeneities!*®. Our results seem to be consistent with 
recent theoretical predictions based on this interpretation of 
the origin of stellar scintillation’*. The phenomenon of focusing, 
however, is highly model dependent!*’ and further experiments 
are essential if the role of the various turbulent layer structures 
present in the atmosphere is to be fully elucidated. 

Finally, it is worth noting that the shadow patterns observed 
in the receiving plane of large aperture telescopes’® are, in 
conditions of high contrast, probably smeared-out caustics. 
The presence of many of these within the aperture would 
indicate that light from many (strong) atmospheric scatterers 
was entering the optical system leading to near-Gaussian 
speckle in the image’. 

We thank Fit Lt R. C. Perry (RAF) and his staff for assistance 
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Observatory, Edinburgh, for discussions. 
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Q in cosmology 


Tue following example in classical mechanics yields the key 
equations of relativistic cosmology, including the new equations 
by Harrison’. The argument given here develops that of an 
earlier note’. 

A set of n gravitating particles of masses m, are at positions 
r(0) = a, relative to a fixed origin at the time t= 0, when 
an explosion gives a radial motion r,(f) = R(f)a, to all the 
particles. The scale factor R is the same for all the particles. 
The kinetic energy of the system at time ¢ is a sum of terms of 
the type 4m,v,;7, and the gravitational potential energy is a 
sum of terms of the form (|a;—a,| = a;;) 


mmo _ mim, 1 


rD ay R(t) 


Accordingly, the energy equation of the system is 


E = AR*—B/R, A = - Emar, B=- — (1) 


To attain a formal analogy with relativistic cosmology, write 
EJA = —ke*, BIA = C, 
and add a cosmological energy term AAR?/3. This gives the 


following energy equation and its first and second time 
derivatives 


À ke? C s 

z= 4-H (H = RIR) (2) 
à C > PIP 

= TT — gH? (q = — RR/R*) (3) 
ry C rar * 

z= -i (Q = R? RIR?) (4) 


The importance of the Q parameter has already been noted!. 
One obtains the basic cosmological differential equation in 
two forms which are independent of the experimentally little 
known parameter 2, by equating equations (2) and (3) or by 
equating (2) and (4) 


-— (q+ 1H? (5) 


2 
= = (Q-1)H? (6) 
Adding twice (3) to (4) and taking (3) from (4): 


= (Q—29)H*, 55 = (Q +4) (7,8) 
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In a Newtonian context, the system is ever expanding if E is 
positive; that is, if k is negative. By equation (6), the appropriate 
condition is Q < 1, and for à = 0 models, it is equivalent 
tog< 4 (equation (7)). The inequalities are reversed if the 
system is to collapse again. Note that only if one puts (P is the 
mass density) 


C= sa GpR® (9) 


do these become the equations given by Harrison’. The 
simplicity of the example given here is illuminating: the role 
of q, which determines whether a (A = 0)-model is closed or 
open, can clearly be taken over by Q if à #0. A continuous 
distribution of gravitating matter, which is needed to obtain 
equation (9) in general relativity, and which was used in ref. 1, 
is clearly not needed here. A discrete distribution of galaxies 
with sufficient symmetry to ensure the continued validity of 
Hubble’s Law is all that is required. It is to be emphasised that 
in Newtonian cosmology it is possible to give discussions of 
interacting particles and discrete matter distributions which 
give Hubble's Law, though the corresponding general 
relativistic problems remain unsolved. 

This possibility has been noted already**, but no example 
has been given before. The simplest distribution to verify this 
possibility is a set of eight galaxies, each of mass m, on the 
vertices of a cube of side 2a,, which are given velocities, v, 
radially away from the centre of the cube. Because of the seven 
other galaxies each galaxy is then subject to a deceleration in 
the direction of the centre. Its magnitude is 


D _|,, v2, v3 |Gm 
so P =| 14 zt di 


where 2a{t) is the side of the cube at time 4. H the escape 
velocity vese =+/(Di/ay) has been exceeded, the Hubble 
parameter is 


6°(1 + w2) 
Dw? ° 


Sea (y= Vese”)? 


Essentially, a topic for so far undiscovered theorems in 
Newtonian physics is raised here: the classification of {usually 
unstable) particle configurations which, for a given interaction, 
are consistent with a Hubble type expansion; and expressions 
for the Hubble parameter should also be found in each case. 
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Anomalous M, tide at Lagos 


I HAVE recently described’ the phenomenal appearance in 
the seas off western Europe of a tidal component with a 
period of exactly one mean lunar day, namely the “MG tide”. 
Although only a few mm in amplitude, it is about ten times 
larger than one would expect from comparison with 
ordinary diurnal tides, and suggests a resonant response of 
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part of the Atlantic Ocean to forcing functions which are 
symmetrical with respect to the Equator. The forcing 
function for the ordinary diurnal tides is antisymmetric, 
and its components are relatively suppressed, enhancing the 
appearance of M, in this sea area. 

Most of the places for which I showed evidence of an 
enhanced M, tide, however, were in the shelf seas sur- 
rounding the British Isles. The one notable exception was 
Terceira (Azores), where the results were somewhat 
marginal. It might therefore have been suggested that the 
phenomenon is not really oceanic but is confined to the 
north-west European shelf, although I gave some reasons 
why this seemed unlikely. I now describe results which 
confirm the oceanic scale of this effect. 

Resolution of the true M; tide requires at least 5 yr, and 
preferably 9 yr of data. A tidal record of more than 9 yr 
duration has been obtained from Lagos on the south 
Portuguese coast (near Cape St Vincent; 37°06'N, 8°40’W), 
through the cooperation of the Instituto Geografico e 
Cadastral at Lisbon. The tide gauge, being maintained for 
geodetic purposes, is excellent in quality, and analysis of 
the records shows them to have very low noise level and a 
virtual absence of nonlinear effects. The true M, tide 
stands out clearly from its spectral background, with an 
amplitude of 5mm and Greenwich phase lag G of 245°, 
representing an admittance to the normalised generating 
function’ of 1.23. By contrast, the major component of the 
ordinary diurnal tide, at a frequency close to 1 cycle per 


lunar day but actually 1/8.85 cycles yr`' greater than that of 


M:, has amplitude 4mm, G=5°, representing an admittance 
to its generating function of only 0.19. Lagos is far enough 
from Britain not to be affected by resonances in British 
Shelf seas, should they exist, so a significant part of the 
north-eastern Atlantic must be involved. Also, a definite 
northwards progression of phases across the eastern oceanic 
shelf edge now emerges, as seen by the following list of 
phase lags G for the M, tide: Lagos, 245°; Brest, 268°: 
Scilly, 276°; Malin, 312°; Stornoway, 308°; Lerwick, 330°. 

Apart from a slight anomaly at Stornoway, the trend of 
the phases is in keeping with the progression of the normal 
mode of the Atlantic/Indian ocean system at 23.5-h 
period, computed by Platzman*, which I cited earlier’ as an 
explanation of the M, phenomenon. Platzman’s mode pro- 
gresses in phase by 45° roughly between the positions of 
Lisbon and the Faeroes. G for Terceira is 275°, about the 
same as Scilly, indicating a cotidal line stretching south- 
west from Scilly. This, together with the reduced amplitude 
at Terceira, again supports Platzman’s modal diagram. 
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Diachronism in Old World alluvial sequences 


THe diachronism of an environmental change—that is, the 
extent to which its age varies with location—is a useful clue to 
its origin’. In the case of alluvial sequences, the time taken for 
filling and trenching to work their way through a drainage 
basin is likely to obscure chronological differences between 
basins unless they are sufficiently distant from each other for 
any regional trend to become apparent. I report here “C dates 
for alluvial units in south-eastern Spain, and suggest that they 
are consistent with the effects of latitudinally diachronous 
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Fig. 1 Location of Spanish sampling sites discussed in text. 


deposition throughout the Mediterranean Basin and Near East. 

The Mundo is a tributary of the Segura?, which drains into 
the Mediterranean south of Alicante. Three Quaternary valley 
deposits can be identified in the reaches shown in Fig. 1. The 
oldest, for which I propose the name Ayna Tufa, has a maxi- 
mum thickness of 17 m above Ayna, where it overlies Mesozoic 
limestone and grades upstream into a well stratified marl. The 
tufas and marls are surmounted by a deposit which takes the 
form of cemented scree at Ayna and of a valley fill below Ayna 
and in many other valleys in the area. This unit, for which the 
name Elche Formation is proposed, attains its maximum 
observed thickness of 11m in the Rambla de Dilar: it is 
generally characterised by subangular gravel in a red, sandy 
matrix and includes horizons strongly cemented by calcium 
carbonate. Channels cut into the Elche sediments have been 
partially filled, to a maximum observed depth of 2.5 m, by a 
well bedded deposit composed of silts, sands and gravels for 
which the name Lietor Alluvium is proposed, This unit is at 
present undergoing trenching. 

A more complex Quaternary succession has been reported 
from the central and southern parts of the Province of Alicante? 
but secure “C dates are still not available for it. Elsewhere in 
south-eastern Spain the dating of continental deposits is based 
largely on their relationship to fossil beaches whose age is in 
dispute or on correlation with other areas'®, Four “C dates 
were obtained during the present study (Table 1). The first 
was on charcoal from a slightly disturbed hearth near the base 
of the Elche Formation south of Molinicos (JCD 2). It is 
worth adding that at Ayna the cemented scree yielded a single 
Palaeolithic artefact, and that concentrations of Mesolithic 
material were found on the surface of the Elche Formation at 
various localities near La Dehesa. The Lietor Alluvium supplied 
datable charcoal in a gravel pit near Liétor (DW 11), in the 
Rambla de Dilar, where it forms a terrace remnant (LT 1), and 
south of Molinicos, where it is represented by colluvium over- 
lying the Elche Formation (JCD 1). The three dates tally 
satisfactorily, and indicate an age of about 700 yr for the 
mid-point in aggradation. 

A threefold post-Tertiary valley sequence similar to that 
outlined here has been reported from numerous valleys in 
other parts of the Mediterranean Basin and in the Near East” 
and also in central Périgord’. It has been suggested® that the 
tufa reflects greater spring discharges than those of today, that 
the older of the alluvial fills points to active frost weathering in 
the uplands coupled with the incidence of intense but short- 
lived and infrequent rains comparable to those now prevailing 
at lower latitudes, and that accumulation of the younger fill 
was in response to a temporary southward shift in the depression 
belts of Europe. The onset of the last of the three episodes 
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Table 1 “C dating of rock units 
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varies by up to 500 yr according to location. This has been cited 
in support of the view that aggradation stemmed from man- 
induced soil erosion’, but a preliminary plot against latitude of 
the "C dates then available for the deposit indicated a latitu- 
dinal decrease in its age which seemed to favour the ‘cyclonic’ 
explanation’. 

Figure 2 extends this approach to the other two units. It 
incorporates the Spanish material and all the other “C dates 
whose attribution is certain, as well as limiting archaeological 
ages derived from historical sites or from excavated material 
locally calibrated with the help of radiocarbon dating. Granted 
that the number of points remains small, that they include 
some (notably those on tufa) which are open to challenge, and 
that no correction has been made for altitude or other possible 


Fig. 2 Plot of age against latitude and provenance of “C dates for 
the three deposits reviewed. The upper stippled zone includes the 
dates for the younger alluvial fill, the lower stippled zone those 
for the older fill, the blank area between them those for the 
intervening erosional phase, and the blank triangle at the base 
those for the tufa. The only dates which do not conform to this 
scheme are the two from the Dordogne ((]) within the lower 
stippled zone, as they are on tufa, but this tallies with field 
evidence for overlap between tufaceous and alluvial deposition 
in that area®, Archaeological ages (=) include some that 
immediately predate (1) or postdate (T) the younger fill. 
Data from this article and from refs 6-9 and 12. 
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distorting factors, there is some indication of a northward lag 
in the transition from tufaceous to alluvial deposition, and of a 
southward lag in the onset of the second alluvial phase. The 
graphs also suggest that in both instances aggradation termin- 
ated more abruptly than it began, just as the trenching of 
individual valley fills often progresses more rapidly than does 
their accumulation™. Figure 2 could be taken to imply that the 
climatic conditions responsible for the older of the alluvial fills 
emanated from lower latitudes, whereas those that produced 
the younger fills stemmed from higher latitudes, both inferences 
being in accord with the interpretations prompted by 
the field evidence. It remains to be seen whether additonal “YC 
dates will support the graphs so that their gradients can be used 
to test palaeo-climatic hypotheses with some confidence. 

I thank the Central Research Fund of London University for 
financial support. The Spanish work was done in association 
with the British Academy’s Project on the Early History of 
Agriculture, directed by E. S. Higgs. I also thank J. C. Driver, 
F. Hammond, L. Tharp and D. Webley for help in the field. 
Miss C. E. Hill drew the figures. 
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Effect of mineral precipitation on isotopic 
composition and '4C dating of groundwater 


I PRESENT here a method for determining the combined effects 
of concurrent mineral precipitation and dissolution on the 
carbon isotope composition of groundwater. The results are 
applied to the ‘adjustment problem’ in the “C dating of 
groundwater, and are illustrated using published data from 
the London Basin chalk aquifer. Some “C ages are changed by 
more than [0,000 yr. 

‘Raw’ MC data from groundwaters must be adjusted to 
allow for dilution attributable fo the dissolution of bedrock 
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carbonate which contains no “C. Either stable isotope measure- 
ments or conventional geochemical measurements may be 
used to determine the adjustment factor. In both cases ‘initial’ 
(that is, at the start of conditions which are closed to carbon 
dioxide) values of either 1°C content (6'°C) or total dissolved 
inorganic carbon molality (mC) must be known’. These 
initial values are often difficult to estimate. In addition, even 
adjusted ages are subject to errors arising from various forms 
of contamination within the aquifer®. Nevertheless, provided 
the aquifer geochemistry is well understood, reasonably reliable 
ages can be determined. 

One important and relatively common process has either 
not been considered, or been considered inadequately, in past 
studies of carbon isotopes in groundwater: the concurrent 
dissolution and precipitation of two minerals (that is, incon- 
gruent dissolution, if both are carbonate minerals). Because of 
isotopic fractionation between aqueous phase and solid carbon- 
containing species, the isotopic composition of any precipitate 
wil differ from that of the parent solution. For dissolution, the 
dissolved material will generally differ isotopically from the 
solute. Thus, both precipitation and dissolution must, in general, 
alter both the stable and unstable isotope composition of a 
grcundwater. This paper presents the first quantitative estimate 
of the combined effects of these processes. 

Let mD be the contribution to changes in mC over a flow- 
path attributable to dissolution of one mineral, and let mP 
be the contribution attributable to precipitation of another 
mineral. Over a flow-path increment the change in mass of 
13C carried by the groundwater must balance the net gain 
attributable to dissolution and loss attributable to precipitation. 
This mass balance may be expressed mathematically as 


d(mC$8C) x 8¥C.dmD)—5¥C,d@mP) 


where ‘s’ and ‘p’ denote bedrock and precipitate values. In 
terms of the fractionation factor between precipitate and 
solution a 


F = §8C,—d34C 
this becomes 
mCd(64C)+-8BCd(mC) x 83C.dgmD)— (C+ F)d(mP) 


If a = d(mD)/d(mP) is the relative dissolution to precipitation 
contribution to mC, then, for a = constant and F == constant, 
and noting that d@mC) = d(mD)—d(mP), the above can be 
integrated to give 


SCC, ~ X(C, 8C) F(X— 1)/a (1) 


where 


sg: o MP/mC g (a= 1 


here, ‘0’ denotes the value at the commencement of concurrent 
dissolution and precipitation. This would normally be preceded 
by a dissolution-only period. In equation (1), X(6°C,—$5'C,) 
is the contribution attributable to precipitation and dissolution 
ignoring fractionation, and F(X—1)/a is the fractionation 
effect. As a tends to infinity (that is, dissolution dominates) 
this term becomes small and the usual dissolution-only result 
obtains. | 
For “C, the corresponding relationship is 


Aw AX (2) 
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Fig. 1 Comparison of groundwater ages before and after 
adjustment for the effects of concurrent mineral precipitation 
and dissolution. Numbers, site numbers used by Smith er a/.3-4; 
solid circles, data values regarded by Smith et al. as having the 
greatest error margins. For points to the left of the dashed line 
the precipitation—dissolution adjustment is greater than 10,000 yr. 


where A is the activity (in °4 modern). Detailed derivations of 
these results will be given elsewhere. 

These results are based on the assumptions of constant a and 
F. Constant a implies constancy of the relative driving forces 
for dissolution and precipitation. Although made here in the 
interest of mathematical tractibility, I believe that, in the 
absence of detailed geochemical information from particular 
aquifers, it is the best possible assumption. The fractionation 
factor, F, varies considerably with pH and temperature; 
however, at the relatively high pH values needed to allow 
concurrent dissolution and precipitation, F is largely inde- 
pendent of these variables and is approximately 2.5%. 

After extensive combined dissolution and precipitation 
(that is, X tending to zero), equations (1) and (2) show that the 
isotope concentrations tend to limiting values of 64°C, —(F/a) 
and 0%, Since F œ 2.5%, this allows °C to approach the 
bedrock value closely. In addition, “C activity may become 
very low independently of groundwater age. As an example, if 
a= 1, C, = 0%, and F= 2.5%, the limiting 53°C is 
— 2.5%, much higher than expected in the absence of mineral 
precipitation. This limit corresponds to a steady state where 
0%, carbon is added to the groundwater by dissolution, while 
0%, carbon (that is, the groundwater value plus 2.5%, fraction- 
ation) is being lost at an equal rate by precipitation. 

Equation (1) can be used to adjust “C ages and so give an 
idea of the magnitude of dissolution—precipitation effects on 
the “C dating of groundwaters. Ages adjusted in this way will, 
necessarily, differ from those obtained using the dissolution- 
only formula (that is, equation (1) with F = 0). The difference 
will be one half life when X = F/[F—a(8"C,—6°C,)]. Greater 
differences will occur for smaller values of X (that is, as 84°C 
approaches its limiting value). Values of X less than the above 
correspond to 68C values within about 3%, of the 
limiting value. Since age errors of one half life (or more) are 
quite significant, a proper consideration of precipitation effects 
can be extremely important. As 8C approaches its limiting 
value the adjustment factor becomes increasingly sensitive to 
small errors in the data and/or the model. Thus, unfortunately, 


Nature Vol. 263 September 16 1976 


the uncertainty in the adjustment increases as the magnitude 
of the adjustment increases. 

To illustrate the possible magnitude of this effect I have 
re-evaluated isotope data from the London Basin chalk aquifer 
given by Smith et a/.***. These authors state that the anomalously 
high values of 5!°C observed in this aquifer are most probably 
attributable to concurrent dissolution and precipitation. In 
adjusting “C ages, however, they did not take fraction- 
ation effects into account, and used the standard dissolution- 
only formula. In the London Basin, °C, œ 2.35%.. The 
chemical evolution of the groundwater seems to be closed- 
system dissolution (during which 6'°C evolves from a soil-zone 
value of —26% to around — 13%.) followed by concurrent 
dissolution and precipitation. The dissolution-only period 
reduces the C activity to around 50%, so that the age may be 
estimated by 


5,730 h SOX 
log2 5 Am 


where Am is the measured groundwater activity and X is given 
(using equation (1) and assuming a = 1) by 
(—8'*C —0.15) 

12.85 


X = 


Figure 1 compares the ages given by Smith et al.™* with ages 
recalculated using the relationship defined here. The differences 
are, in some instances very large: more than 10,000 yr in four 
cases. Adjustments of this magnitude are of considerable 
importance. In support of these calculations it is reassuring 
that none of the 5!°C values observed by Smith et al.™* exceeds 
the limiting value of — 0.15%, implied by equation (1). 

Smith et a/.* have suggested that some of the London Basin 
water may be recharge dating from before the last glacial 
maximum. This suggestion can be re-examined in the light of the 
revised ages (Fig. 1). After the last glacial maximum, the 
earliest recharge to the aquifer probably occurred during the 
first post-glacial warm period around 13,000 yr b.p. Ages in 
excess of this would confirm the suggestion of Smith et a/.*"*. 
Although many ages are substantially younger after readjust- 
ment, some of the ages still, indeed, exceed 13,000 yr b.p.; 
however, in view of the large uncertainties involved in allowing 
for mineral-precipitation effects, and the proximity of many 
5'°C values to the theoretical limiting value (when adjustment 
uncertainty Is greatest), the possibility that all the waters are 
younger than 13,000 yr b.p. must remain open. 

Nevertheless, a direct interpretation of the ages shown in 
Fig. 1 supports the suggestion of Smith et a/.**. Some of the 
readjusted groundwater dates do fall within the last glacial 
maximum period. Since recharge at this time was probably 
negligible, if these ages are correct then the relevant samples 
are most probably older waters ‘contaminated’ by mixing with 
post-glacial recharge. 

In conclusion, mineral precipitation within an aquifer can 
have a very significant influence on the groundwater isotope 
geochemistry. Ignoring mineral precipitation, or neglecting 
isotopic fractionation during precipitation, may lead to 
estimates of “C ages which are many thousands of 
years too old. Stable carbon isotope data may be used to adjust 
ages, but the largest adjustments are those which are subject 
to the greatest uncertainty. 

I thank R. A. Downing for providing a pre-publication copy 
of the London Basin results***. 
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Calcium oxides of high reactivity 


A RECENT study of the kinetics of decomposition of calcite 
(CaCO,) single crystals in vacuo showed that if the reaction was 
interrupted before completion a 30-um layer of a poorly crystal- 
line material was present between the undecomposed CaCO, 
and a layer of normal polycrystalline CaO’. It was hypothesised 
that the material of this 30-um layer is a metastable form of 
CaO that transforms irreversibly to the stable polycrystalline 
oxide when the accumulated strain exceeds a critical level. If so, 
the free energy of formation of the metastable oxide from the 
stable oxide must lie in the range between zero and + 31,500 
21T Jmol- and might well lie at the positive end of this 
range*. Such a metastable oxide should be chemically more 
reactive than the stable oxide. If the hypothesis is true, then the 
principal product of decomposition in vacuo of calcite particles 
of diameter < 30 um should be the metastable oxide. We present 
here evidence that this inferrence is correct, and we demonstrate 
that not only this oxide, but also a highly crystalline oxide which 
is produced when large calcite crystals are decomposed in vacuo, 
reacts more vigourously with water than does the product of 
calcite decomposition in air or nitrogen. 

Calcite ground to a powder formed of block-like rather sharp- 
edged particles with cross sections ranging from | to 10 pm 
(Fig. 1) was decomposed in air or nitrogen in the range of 
temperatures between 650°C and 800°C. The product was 
composed of particles which had rounded surfaces and neck 
areas which indicate considerable sintering (Fig. 2). The product 
gives the diffraction pattern of highly crystalline CaO. 

When the same CaCO, powder was decomposed in vacuo in 
the range of temperatures between 450 and 750 `C, there was 
little change in the apparent particle shape from those of the 
starting material, and little sintering (Fig. 3). It can be calculated 
from the relative molar volumes of CaCO, and CaO that the 
powder particles produced in vacuum decomposition, like the 
product of CaCO, single crystals in vacuo’, must have > 50% 
porosity. Unlike the powders decomposed in air or nitro- 
gen, the powders decomposed in vacuo were poorly crystalline, 
but did show weak diffraction peaks of the normal (NaC! type) 
CaO structure (Fig. 4). Heights of the (100) peak showed no 


Fig. 1 


Scanning electron micrograph of CaCO, powders 





nm 
~ 
ww 


k Tym 


Fig. 2 Scanning electron micrograph of CaO produced from 
decomposition of CaCO, powders in dry nitrogen. 


clear systematic dependence on time or temperature of heating 
(as high as 1,050 °C). 

The oxide produced by decomposition of CaCO, powder in 
air or nitrogen showed no measurable Ca(OH), diffraction peaks 
when ground for 10 to 15 min in air and gained only 1% 
in weight when exposed to an atmosphere of water vapour at 
140 °C. In contrast, the poorly crystalline oxide produced by 
decomposition of the same powder in vacuo is completely con- 
verted to poorly crystalline Ca(OH), by grinding in air for 
10 min or by 3-min exposure to the water vapour stream at 
140 °C. The poorly crystalline hydroxide in turn transforms 
exothermally to the crystalline hydroxide when heated in air to 
~ 290 °C. 

Surprisingly, the product of complete decomposition of single 
crystals of calcite in vacuo, even though a CaO with a degree of 
crystallinity little different from that of the CaO produced by 


Fig. 3 Scanning electron micrograph of CaO produced from 
decomposition of CaCO, powder in vacuo. 
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calcite decomposition in air, reacted with water vapour at rates 
that were not distinguishable by our hydration tests from rates 
for the poorly crystalline product of vacuum decomposition of 
CaCO, powders. This observation shows that the high rates of 
reactivity of the oxides prepared in vacuo are primarily conse- 
quences of the high internal surface areas of the block-like 
products of vacuum decomposition. The blocks produced in 
vacuo have >50% porosity’, yet the pores are too small to 
observe at x 30,000. Pore diameters probably average well under 
0.01 um so that solid state diffusion over only short distances is 
necessary for the hydration reaction. The rounded forms of the 
oxide particles prepared by decomposition in air must be a 
consequence of extensive condensed phase diffusion, a process 
that would probably close the intra-particle pores. 

In line with our original hypothesis that the 30-um layer 
observed in the interrupted decomposition of a calcite single 
crystal in vacuo is a metastable form of CaO that transforms 
under sufficient strain to the normal crystalline form, the oxide 
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Fig. 4 X-ray diffractometer trace (cobalt Ka radiation). a. CaO 
produced from decomposition of CaCO, in vacuo: b, CaO 
produced from decomposition of CaCO, powders in air. 


of this layer is more reactive towards moisture than the other 
forms here identified. The X-ray peak which in the earlier study! 
was presumed to be a reflection for a metastable oxide is instead 
the strongest peak of the poorly crystalline hydroxide. The 30- 
jum oxide layer, after exposure to room temperature air for < 1h, 
shows only the diffraction peaks for the amorphous hydroxide. 
In the same conditions, the other products of in vacuo decompo- 
sition, if not ground, give patterns of either well crystallised or 
poorly crystalline CaO, as reported above. 

Drs G. Belleri and L. Barco gave helpful advice, and Carlo 
Bottino prepared the electron micrographs. Support was pro- 
vided by the Centro Studi di Chemica e Chimica Fisica dei 
Materiali del CNR e Laboratorio di Chimica, Universita di 
Genova, and the US ERDA. 
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Wave power availability in the NE Atlantic 


FOLLOWING Salter’s' proposals for the extraction of energy 
from sea waves, we are working on the prediction of wave 
power output from devices situated at favourable coastal sites 
around the UK. While it is hoped that adequate spectral data 
from sites closer inshore will become available within the next 
year or so, the best present data for the North-east Atlantic 
are from O.W.S. India®. We describe here the power available 
and, on simplified assumptions, the amount that might be 
extracted by ducks of various diameters. (The Salter ‘duck’ 
is a rocking cam-shaped device which is designed to give a 
high efficiency of energy extraction over a wide frequency 
band*.) Confirmation of the validity of the important assumption 
of additivity of power outputs from wave components of 
different periods is provided in a separate paper‘. 

The power, P, in a sinusoidal wave train in deep water is 
KTH... per unit width of wave front, where Hn. 1s the root 
mean square displacement (that is, the standard deviation) of the 
water surface, T is the wave period and k = pg*/4n = 7.82 
kW m~: s~). Thus for a mixed wave train of spectrum dS 
(Ha? = dS), on linear theory 


P = kf ThS2=kTeHims* 
where T, is called the energy period. 


Fig. 1 Frequency of occurrence at O.W.S. India in % 
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The seasonal joint distributions of T, and Hems at O.W.S. 
India are shown in Fig. 1, with contours of P, They are calcu- 
lated from Hoffman’s set of 307 spectra? which were selected 
from a random sample of just over a thousand 10-15 min 
wave records, taken over the period 1954-67; we weighted each 
spectrum to restore the correct frequency of occurrence of 
each band of windspeed in each season. The overall average 
power is 91 kW m ™. 

The predictions given here are for ducks operating with 
a simple power output limit and (as in the laboratory) relative 
to a fixed axis. More realistic physical limits on the torque and 
angular displacement are important for the estimation of the 
most economic size and characteristics for full-scale ducks, 
but should not much affect the range of predicted outputs. 
The related problems of backbone (axis) movement and the direc- 
tional wave spectrum are more serious; accurate predictions 
must await laboratory experiments using a less constrained 
mounting and data on directional spectra at likely wave power 
sites. 

Figure 2 shows the distribution of power by frequency, 
(For clarity, autumn and spring are omitted; the former would 
be close to, the latter rather below, the whole year histogram.) 
Superimposed are efficiency curves for ducks of diameter d = 6, 
10 and 16 m, scaled up from the experimental curve (for es = 
10 cm) of Salter, Jeffrey and Taylor’. This curve is the result of 
attempts to optimise performance at low frequencies, so as to 
minimise the size of duck required for a given sea. The falling off 
of efficiency at low frequencies is not unexpected, since it cor- 


of the possible combinations of Te and Hin, with contours of P in KW m. a, Winter 


(Dec-Feb); 6, spring (Mar-May); c, summer (Jun-Aug); d, autumn (Sep-Nov). 
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Fig. 2 Distribution of power by frequency for the whole year 

(middle histogram), winter (top) and summer (bottom); together 

with predicted efficiency curves for ducks of 6, 10 and 16m 

diameter (dashed lines indicate extrapolation outside experi- 
mental range). 


responds quite closely to the proportion of energy travelling 
in the water layer above depth d (= 1 — exp{—2d@?/¢}). 

The average output for a particular duck size and season, 
if no power limits are imposed, can then be found simply by 
multiplying the appropriate two curves in Fig. 2 and integrating. 
This is the power transferred from sea to duck; the conversion 
to electricity and transmission to a distant load-centre in a 
hydrodynamically underprivileged area, such as South-east 
England, can be done with presently available technology with 
an efficiency of ~ 60°. To investigate the variability of power 
levels, it is of course necessary to refer to the individual spectra. 
The proportion of time for which power outputs might exceed 
any given level is shown in Fig. 3, with the total power available 
for comparison. 

We have investigated the effect on power output calculations 
of replacing the real sea spectra by two-parameter (H,ms and Te) 
spectra of standard shape, the shape chosen being that of the 
Pierson—-Moskowitz spectrum? 


a 


where b œ 1,052 (dimensionless). 
This is not only convenient for present computational 
purposes, but should also greatly facilitate predictions of the 


effects of physical and torque overloads and the directionality 


of real seas. This replacement has little effect on the distributions 
of power input (see Fig. 3, dashed lines), though estimates for 
individual spectra have s.e. 4.55%. The largest effects on the 
predicted average output over the range of diameters 6-18 m 
are —0.5 kW m~ (for d= 6 m in the summer) and +1.5 kW 
m~ (for d= 12 m in the winter) which may be attributed to 
real spectra being respectively broader in calm, and narrower 
in rough conditions than the standard spectra. We conclude 
that, while further checks are advisable, such standard spectra 
appear sufficiently accurate for our present approximate pre- 
dictive purposes. (When directional data become available we 
intend to extend this investigation to see whether the addition of 
one further parameter to allow for directional spread yields a 
similarly adequate description for predicting behaviour of free- 
floating duck strings in directionally mixed seas.) 
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Directional problems apart, there are three limitations on 
output which we have not considered so far: physical (swept- 
volume), torque and transmission limits. Because of the high 
costs of transmission lines? the last of these is probably the 
most critical, though swept-volume overload limits will be 
important for ducks of diameter < 10 m. 

The mean power available when simple power output limits 


Fig. 3 The proportion of time for which each power level is 
exceeded for: a, whole year; b, winter and c, summer. In each 
case the top curve refers to the total power available; the other 
solid curves, in descending order, to predicted power output from 
ducks of 16, 10 and 6 m diameter. The dashed curves (verticals 
omitted) show the effect, for each of these three cases, of replacing 
real spectral data by two-parameter standard spectra (see text). 
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are imposed is easily calculable as the area under the relevant 
curve of Fig. 3 to the left of the desired limit. This is plotted 


asa function of duck diameter in Fig. 4. As might be expected, 


E the effect of such limits is more severe in winter. Even then the 





higher load factor (~ 80% for 





Fig. 4 Average power output as a function of duck 
diameters for: a, winter; b, spring; c, summer, and a, 
autumn, without output limits (top curve), and with. 
output limits. of 50, 75, 100 and 200 kW mat The 
dashed lines show average power available. 
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Male emigration and female 
transfer in wild mountain gorilla 


IN many group-living primates, males leave their natal group 
and transfer to other groups far more commonly than do fe- 
males (for example, refs 1-4). For only one species—the chim- 
panzee—is there good evidence that females leave their natal 
group and transfer more commonly than do males**, but 
little information has been available on the movements in 
and out of gorilla groups. The structure of the gorilla popula- 
tion in the Virunga Volcanoes of Zaire and Rwanda7* and 
elsewhere’ indicates that males at least leave their natal group: 
there are a number of lone males; and many groups contain 
only one fully adult male, but a number of adult females. 
Schaller? implied that males transferred between groups 
more often than did females. The few data in ref. 10 indicate, 
however, that only females transfer between groups, although 
beth males and females leave groups. Incorporating data for 
&.5yr from the Karisoke Research Centre in the Virunga 
Volcanoes (ref. 10 and unpublished results), this paper provides 
the first extensive evidence that both male and female gorillas 
leave their natal group, although some sons may remain; 
that males that leave initially travel alone: and that only 
fernales transfer. 

Groups and lone males will be called ‘units’. A distinction 
must be made between short ‘visits’ by animals to other units 
and longer ‘transfers’. A ‘transfer’ is defined as a stay of more 
than | d with the new unit. Males mature when about 11 yr old, 
their first recorded emigrations being at about this age (Table 
la). Males that did not emigrate were the leading males or 
animals that were probably some of their sons (Table Ib). 
Leader males tended to inhibit young males from mating, and 
competition for oestrous females may be a cause of male 
emigration, Young males that meet stiff competition will 
probably leave; those that do not will probably stay, and these 
are likely to be the sons of ageing leaders. One such male took 
over leadership of the group when his father died. Such in- 
heritance of leadership may be a pattern common to most 
groups. 

Females become mature at about 8 yr old, and also tended to 
leave the group at about the age of maturity; they tended to 
leave before giving birth (Table 2a), as has been reported for 
chimpanzees", In contrast to males, it seems that nearly all 
females eventually leave their natal group. Because females 
transfer between groups, however, for only the four youngest 
females in Table 2 can we be sure that the group in which 
they were first seen was their natal group. 

The one female that remained in her natal group (Table 2b) 





Nature Vol, 263 September 16 1976 


produced an offspring, probably sired by her own father, 
or by a male who was probably her half-brother. No multi- 
parous females with living offspring emigrated from the 
group in which they were first observed (Table 2b). 

Four males were intermittently observed for 2-5 yr after 
they first emigrated out of the study groups. None transferred 
and all spent most of their time alone. Also, no male transferred 
into any of the study groups. It seems that males that leave 
their natal group become successful breeders, not by trans- 
ferring and not by ousting established group leaders (as do 
langur males" '*), but by attracting more than one female 
to form a new group. A male and single female seem not to be a 
viable breeding unit. 

Females that emigrate transfer almost immediately to 
other units (as reported for chimpanzees by Kawanaka and 
Nishida®), and they tend to transfer more than once (Table 2a). 
The length of stay with one unit before the next transfer 
ranged from 3d to 3 yr 5 months, with a median of 3 months 
(n = 13). Initial transfers were to units with ranges over- 
lapping those of the group in which the female was first ob- 
served, but subsequent transfers took some of the females out 
of touch of their initial group’s range. Factors that deter- 
mined whether or not a female stayed with her new unii will 
be considered later in this paper. Females transferred about 
equally often to lone males (7 = 11 transfers) as to groups 
(n = 9 transfers). A number of these transfers were returns to 
previous units, two of them (possibly 4) to the presumed natal 
group. If returns are omitted, more females (6 compared with 
4) transferred more frequently (9 transfers compared with 4) 


situations was a male observed actively to prevent a female 
from approaching the new male, in spite of its being presumably 
disadvantageous for a male to lose a female that is not his 
daughter. It seems that males inhibit female emigration more 
by prevention of proximity of other males than by herding 
females: of 12 interactions between units during which females 
transferred, 10 involved intense displays, and sometimes fights, 
between the males. 

It is presumably advantageous to a male, especially a lone 
male, to gain an unrelated female. Thus, kidnap of females 
might be expected (Fossey, p. 334 in ref. 13). Out of eight 
observed visits or transfers, however, only one was possibly 
caused by coercion by the new male; the others were clearly 
of the females’ own volition. (The discrepancy between the 
number of interactions (12) and the number of observed visits or 
transfers (8) is because much of the course of an interaction 
can be judged from the spoor alone.) 





Table 1 Data on males aged 11 yror more at the end of the study 
that (e) emigrated from their probable natal group* or (b) remained 
in it 


PETEERE Nt rm HAIRS namda R If rete aherrarrrrpr pre i enhanc uu 


a When first When first 
observed emigrated 
n Age Ciass Age Class Transfer 
2 >12 M >14 M No/No? 
i >il M >]12.5 M No 
1 9.5 Ad ie be M No 
l 8 Ad 12 M No 
t] SS J 10 Ad No? 
ti 25 I i] Ad No 
b When first When last 
observed recorded 
n Age Class Age Class 
2 >12 ML > 20 ML 
I >12 M >20 ML 
ti 5.5 J 13.5 ML 
HI 3 I 11.5 M 





*Because no male transferred between groups. | 

ML, Mature leader male; M, mature male (> 11 yr); Ad, male 
aged 8-11 yr; J, juvenile (3-6 yr); I, infant (0-3 yr). 

tAlmost certainly a son cf a leader male; [Almost certainly not a 
son of a leader male. Ages are to nearest 0.5 yr. 





E -Nature Vol. 263 September 16 1976 





Table 2 Data on females aged 8 yr or more at the end of the study 
that (a) left the group in which they were first seen or (b) remained in it* 





a When first When first 
observed emigrated | 
n Age Class Age Class Parous Transfer 
2 6.5-7 såd 11,13 Ad Yes Yes 
2 6-6.5 sAd  9.5,10 Ad No Yes 
l 5.5 J 10.5 Ad No Yes 
3 1-2 I 6.5,8,8 sAd No Yes 
b When first When last 
observed recorded Minimum number of 
n Age Class Age Class offspring alive 
5 >9 Ad >17 Ad PPE E. 
1 15 I 9.5 Ad i 


*This group is almost certainly the natal group of the four infants. 


Ad, Sexually mature female (>8 yr); sAd, subadult (6-8 yr); 
J, juvenile (3-6 yr); I, infant (0-3 yr). Ages are to the nearest 0.5 yr. 


What factors influence a female’s choice of male, and her 
decision to stay or transfer again? By analogy with ornitho- 
logical studies'*, and with some data to support the suggestion, 
the initial decision might depend on the quality of the male’s 
range. Subsequent decisions to stay or transfer might rest 
on the female’s success at raising her offspring in the unit: 
two mothers who successfully raised their offspring in a new 
unit stayed; three who did not, left. The infants of at least two 
of the latter were killed deliberately during interunit inter- 
actions. 

Finally, why are gorillas and chimpanzees, perhaps the 
only primates in which females more frequently transfer 
between units than do males? Four reasons are suggested. 
The first two are presented in terms of consequences of re- 
maining in the natal group. 

@ Macaques are the best documented taxon in which males, 
but rarely females, transfer between groups**. Also well 
documented in this taxon is the phenomenon of offsprings’ 
assumption of agonistic ranks close to that of their mothers’, 
and of females keeping their rank from immaturity into adult- 
hood**:§, Even if immature chimpanzee and gorilla females 
assumed ranks close to their mothers’ (and gorilla females 
probably do not), there would be little advantage in doing so 
because of lack of competition in which dominance would 
be an advantage. Thus, to a gorilla or chimpanzee female, 
there are less advantages to remaining in her natal group 
than there are to at least a macaque female. 

@ Conversely, for chimpanzee males, there are advantages to 
remaining within their natal community because of communal 
defence of range and acquisition of females®}?-48, | 

The final two reasons for female, rather than male, transfer 

in gorillas and chimpanzees are presented as proximate causes 
of the observed pattern of, first, emigrations, and second, 
transfers. 
© Although the evidence is diffuse, it seems that young adult 
males and females tend not to copulate with familiar indivi- 
duals'’. Given the current state of transfers, females of many, 
perhaps most, group-living primate species can copulate with 
unfamiliar mates in their natal group: chimpanzee males can do 
the same with females; neither gorilla females, nor males 
(because the dominant male inhibits young males from mating) 
can do so; and we find that both young male and female 
gorillas leave their natal group. 
@ Resident gorilla and chimpanzee males seem more capable 
than do resident males of other species, of preventing non- 
group males from entering the group and mating; gorillas, 
because of small group size and rarity of oestrus; chimpanzees, 
because of communal attacks on strange males??!*, Thus 
gorilla males that leave their natal group (no chimpanzee 
males have been known to do so**) travel alone until females 
transfer to them, whereas in other species, the males them- 
selves tend to transfer. 
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Governments of Rwanda and Zaire. For permission to work 


227 


at the Karisoke Research Centre, A.H.H. and K.JS. thank 
Dian Fossey and the National Geographic Society. For finance, 
D.F. thanks the National Geographic Society, and A.H.H. the 
Leverhulme Trustees and the MRC. We thank A. Pusey, 
D. Cheney and especially Professor R. A. Hinde for discussion. 
A. H. HARCOURT 
K. 5. STEWART 
D, Fossey 
Sub- Department of Animal Behaviour, 
Madingley, Cambridge CB3 8AA, UK, and 
Karisoke Research Centre, 
BP 105, Ruhengeri, Rwanda 


Received June 28; accepted August 9, 1976. 


1 Carpenter, C. R., in Primate Behaviour: Field Studies of Monkeys and Apes 
(edit. by DeVore, L3, 250-291 (Holt, Rhinehart and Winston, London and 
New York, 1965). 

2 Drickamer, L. C.. and Vessey, S. H., Primates, 14, 389-368 (1973). ` 

3 Norikoshi, K.. and Koyama, N., Symp. Afth Congr, Int. Primat. Soc., 43-6] 
{Japan Science Press, Tokyo, 1975) 

4 Packer, C., Nature, 255, 219-220 (1975). i l 

5 Kawanaka, K., and Nishida, T., Symp. Ah Congr. Bu. Primat. Soc., 173-186 
(Japan, Science Press, Tokyo, £975). l 

6 Pusey, A., in The Behaviour of Great Apes: Perspectives on #4faman Evolution, 
4 (edit. by Hamburg, D. A., and Goodall. J), (Staples/W. A. Benjamin, 
London and New York, 1976). 

? Groom, A. F. G., Oryx, 12, 207-215 {1973} 

8 Harcourt, A. H.. and Groom, A. F. G., Oryx, 11, 353-363 (1972), 

® Schaller, G. B., The Mountain Gorilla: Ecology and Behaviour (University of 
Chicago, Chicago and London, 1963). 

10 Elliott, R. C., Folia primat., 25, 12~24 (1976). 

11 Yoshiba, K., in Primates: Studies in Adaptation and Variability (edit. by Jay, 
P. C), 217-242 (Holt, Rinehart and Winston, London and New York, 1968), 

12 Rudran, R., Folia primat., 19, 166-192 (1973). ; 

13 Hinde, R. A., Biological Bases of Human Social Behaviour (MeCraw-Hill, 
London, 1974). 

14 Verner, J., and Willson, M. F., Ecology, $7, 143-147 (1966). 

15 Sade, D. S., in Social Communication Among Primates, 99-114 (edit. by Altmann, 
S. A}, (University of Chicago, Chicago and London, 1967). 

16 Koyama, N., Primates, 8, 189-216 (1967). 

17 Bygott, J. D., in The Behaviour of Great Apes: Perspectives on Human Evolution, 
4 (edit. by Hamburg, D. A., and Goodall, J.) (Staples/W. A. Benjamin, London 
and New York, 1976). 

iE Wrangham, R. W., in The Behaviour of Great Apes: Perspectives on Human 
Evolution, 4 (edit. by Hamburg, D. A. and Goodall, J} (Staples/W. A. Berne 
jamin, London and New York, 1976). 

19 pe N., in Biosocial Anthropology (edit. by Fox, R.) 37-67 (Malaby, London, 
1975). 








Female African wild dogs emigrate 


AMONG mammals, the common mechanism of individual 
transfer between social groups is male emigration. While 
studying the African wild dog (Lycaon pictus Temminck) 
over a period of 2 yr, we have recorded four positive cases 
of female group emigration, three possible cases of single 
female emigration, and only one possible case of male group 
emigration. From this we conclude that female emigration 
is the primary mode of interpack transference in African 
wild dogs. The only other mammal for which this has been 
reported is the chimpanzee’, 

The African wild dog is a medium-sized carnivore living 
and hunting cooperatively in packs’. Average pack size 
during our study was 7.2 adults (computed at 3-month 
intervals for seven packs, an adult being | yr and older). 
Group social organisation in this species usually consists of 
one breeding pair per pack and a cooperative system of 
pup rearing by all pack members’. According to zoo 
records’* and observations of very small pups at dens’*, the 
sex ratio is unequal at birth, with 55-59% males. Of 78 dogs 
2yr and older (and therefore sexually mature) that we 
studied, 69% were, however, males. 

Fieldwork began in January 1974, and is continuing. 
Individual wild dogs are recognised by their distinct coat 
colour pattern (Fig. 1). For field identifications, a photo- 
graphic recognition file is carried. Life histories and family 

data 





relationships are recorded for all known dogs. The 
are augmented by Hugo van Lawick’s photogra 
tion file for 1968-72. Our study area is 4,200 
lands and 1,000 km’ of surrounding woodlan 
Tanzania’s Serengeti National Park and 
servation Area. This includes the entire kno es of. 
four wild dog packs and part of the ranges of two additional 
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packs. Pack ranges cover a minimum of 1,500 km?, and 
overlap about 10-50% with the range of each of the three 
or four neighbouring packs. Surrounding our study area 
there are at least seven more packs. We believe the wild 
dog population may be depressed by disease. Furthermore, 
shooting within the park as recently as November 1973 has 
entirely exterminated some packs. 

Previous studies tended to concentrate on one pack of 
wild dogs, with only infrequent sightings of other packs. 
Changes in pack composition between sightings were there- 
fore usually impossible to interpret. There are, however, 
two verified instances and one probable case, of female 
group emigration from the years 1968-71 (J. R. Malcolm 
and H. van Lawick, personal communication) in the same 
area as our study area. 

Instances of emigration among our six study packs are 
shown in Fig. 2. In our study, emigration was verified when 
the following criteria were met: (1) the original pack was 
seen alive and intact after the disappearance of some of its 
members; (2) the missing dogs were seen alive after they 
had left; and (3) the missing dogs joined a new pack and did 
not return to their original pack. There were four verified 
cases of group emigration of females, involving 14 indi- 
viduals. Four of these females emigrated twice. 

Individual females disappeared from their packs in three 
further cases and were never seen again. Two of these 
females were sisters, who disappeared individually. Because 
they might have been expected to emigrate together, but 
did not, there is some doubt about whether they really 
emigrated. We believe that both probably did emigrate, 
however, because all pack members seemed to be healthy 
just before each sister’s disappearance, one of their sisters 
hac established herself as reproductively dominant, and 
both were of an age beyond which no females remain in 
packs as non-breeders. The one remaining sister of the 
dominant female who stayed in the pack was also able to 
breed. She was, however, clearly subordinant, and was 
allowed only limited access to her pups. Her mate was 
probably one of the subordinant males. In the third case, a 
lone daughter of the pack disappeared. She had no sisters 
which could have accompanied her, and she was the same 
age as other young females whose emigrations were verified. 
Each of these three females probably emigrated and died. 
Mortality of emigrating lone adult females may account 
Significantly for the preponderance of adult males in the 
population. 


During our study, there was one unexplained dis- 
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appearance of three male siblings, just at the age Of sexual 
maturity. They probably emigrated from their parent pack, 
but were not seen again. 

In February 1976 we witnessed the emigration of two 
daughters from the Seronera pack to the three males of the 
Kiihme pack. We followed them continuously for 6d, which 
included their departure from the parent pack, their journey 
in search of the Kiihme males, and their subsequent joining, 
Their emigration seemed to be precipitated by the proximity 
of the Kiihme males who were without a female. The 
emigrating females tracked the scent trail of these males, 
and one of them repeatedly made contact calls. At the 
initial meeting of the two groups, there was a high level of 
aggressive pawing, shoving, and riding-up between the 
sexes, initiated by the females (Fig. 1). This behaviour con- 
tinued for the subsequent 2d of observation. Within 2 min 
of meeting, however, it became obvious which male and 
female would form the new breeding pair. One male 
excluded the other two males with threats, and one female 
excluded her sister with threats and attacks. Within 90 min 
this pair was urine-marking together, in the manner of a 
breeding pair". Behavioural details of the emigration, and a 
general discussion of the dynamics of African wild dog 
packs, and the phenomenon of pack splits, will be published 
elsewhere’. 

The following main features of female emigration have 
emerged in 2 yr of study: (1) Female emigration occurred 
when a pack already had one breeding female. (2) Emigrat- 
ing females never joined a pack that already contained a 
female. (3) Factors which drove or enticed females from 
their packs are obscure. The suddenness and rapidity of 
three transfers suggested an outside stimulus precipitating 
emigration, probably olfactory or visual evidence of a group 
of males nearby. There was no evidence that oestrus was 
the initiating factor, although all females were of the age 
of sexual maturity, and in one case oestrus and conception 
occurred soon after the females joined new males. (4) 
Females did not emigrate further than the adjacent or 
overlapping ranges of neighbouring packs. This was true in 
all cases, including the group of four females who roamed 
4 months before joining new males. (5) Females usually 
emigrated in groups, if this was possible. 

In the existing ecological conditions and low density of 
African wild dogs, female emigration has been the regular 
and predictable pattern of interpack transference. Male 
emigration has been of lesser importance, with no such 
transfers verified. In packs with offspring of known or 


Fig. 1 Side view of three African wild dogs 
showing distinctive coat patterns used in 
individual identification. This photograph 
shows the two sisters (right), who emigrated 
from the Seronera Pack. During the third 
morning of their emigration, they met the 
males of the Kiihme pack, who lacked 
females. A great deal of aggressive pawing, 
shoving, and riding-up was initiated by 
the females. 
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Fig. 2 Diagram of female trans- 
ference among six study packs of 
African wild dogs. Three of the 
four transfers occurred within 
several days; the fourth took 
four months. Four fernales of the 
Simba pack underwent a secondary 
emigration after a sister became 
established as a breeding female in 
the Seronera Pack. Vertical col- 
umns represent the same individual 
through time. GQ”, Adult male; 
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o -breeding pair, 3 P, yearling litter- 
mates, x, dead, ?, disappeared. 
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reliably estimated age, all daughters left when they were 
18-24 months old. Their male siblings usually stayed in the 
parent pack. A process of secondary emigration existed, 
whereby sisters of a new breeding female left her after she 
attained this status. In combination with probable 
mechanisms which delay some females’ breeding, emigra- 
tion accounts for the usual occurrence of only one breed- 
ing female per pack. Differential mortality of females who 
emigrate singly or in small groups may account for the sex 
ratio favouring males more in adults than in immature dogs. 
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Allometry of neonatal size 
in eutherian mammals 


I HAVE demonstrated that neonatal weight in 15 species of 
anthropoid primates scales at a power of maternal weight of 
0.70 (ref. 1). Gould? noted the closeness of this value to the 
standard metabolic exponent of 0.75, and asked if this similarity 
was more than coincidental. In an attempt to answer Gould's 
query, I have investigated the scaling of neonatal size in 
eutherian mammals and primates in particular. 

Incorporated in this study are data on weights of neonates 
(foetus at term -+ 5 d) and adult, non-pregnant females of 36 
eutherian species (‘mouse to elephant’ curve)? and 29 primate 
species*, in addition to previously unpublished data on 287 
neonates and 316 females of seven species of Macaca (M. 
fascicularis, M. radiata, M. nemestrina, M. niger, M. mulatta, 
M. arctoides and M. fuscata). 

Among eutherian mammals and subordinate eutherian 
taxa, neonatal and maternal weight are allometrically related 
through the equation 


y=: bx? 


where y is neonatal weight (weight of the whole litter if there is 
more than one offspring), b the initial size constant (y inter- 
cept), x the maternal weight, and a the exponent of allometry 
(slope)®*. Table 1 and Fig. 1 show that there is a concomitant 
change of a and taxonomic level. This situation ari the 


>o finding for the brain size-body size relationship®. On the other 


hand, for the scaling of the other principal organs. (for example, 
heart, lungs and liver), the relationship between a and taxono- 
mic level is far less regular®~* (Table 1 and Fig. 1). | 
An assessment of the various values of a with taxonomic 
level requires a causal explanation. In the scaling of brain size, 
the combined influence of differences in the evolutionary level 
of brain development and differences in mean body size eas 
groups at the same taxonomic level accounts for diff 
values of a (ref. 2). Similarly, in the scaling of | neo 
differences in the structure and physiology of foeta 
and placenta in combination with differences. in t dy. 
size must be considered. Thus, a meaningful interpretation of a 
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Fig. 1 Neonatal-maternal weight relationships in Eutheria, 
Frimates, Strepsirhini, Haplorhini and Macaca (based on 
values from Table 1). 


in the scaling of neonatal size requires that either corrections 
are made for structural and physiological dissimilarities during 
foetal development, or comparisons are limited to taxa with 
members that are structurally and physiologically similar. 

Among the Eutheria basic similarities in foetal membrane 
development only exist during early blastocyst formation’, 
after which there is considerable variation in the development 
of ‘oetal membranes and placenta among the higher taxonomic 
categories (orders and suborders)*. Because it is virtually 
impossible to quantify the influence of structural and physio- 
logical differences in foetal development on neonatal size for a 
taxon as diverse as Eutheria, a meaningful interpretation of a 
is difficult. In any case, a (0.83) for Eutheria is clearly above the 
standard metabolic exponent. 

Primates are also variable in the foetal development of many 
features. For example, there is a strong dichotomy in the 
structure of the chorio-allantoic placenta and associated foetal 
membranes. The members of the suborder Strepsirhini have 
a non-invasive, diffuse, epitheliochorial placenta, a large 
allantois and a transitory chorio-vitelline placenta, whereas an 
invasive, discoidal, haemochorial placenta and rudimentary 
allantois characterise members of the suborder Haplorhini’. 
Although the standard metabolic exponent (0.75) is within a 
95 confidence interval of a (0.78 + 0.05) for Primates, this 
similarity may be merely coincidental. Actually, the value of a 
in Primates is due to the combined result of lower but similar 
values of a in the two suborders, the separation of the two 
sutorders by an allometric shift (differing values b due to 
differences in foetal membrane and placental structures), and 
a d:fference in mean body size between the two suborders. 

In contrast to the infraclass Eutheria and the order Primates, 
structural and functional similarity in foetal membranes and 


Table 1 Scaling of neonatal weight in eutherian mammals and 
subordinate eutherian taxa 


Taxon Level N b a H r 

Eutheria Infraclass 36 0.34 083 — 0.92 
Primates Order 29 0.41 0.78 0.05 0.97 
Strepsirhini Suborder 9 0.64 0.63 005 0.99 
Haplorhini Suborder 20 1.08 0.69 0.04 099 
Macaca Genus 7 6.22 0.49 0.03 97 





N, Sample size (number of species); b, initial size constant (y 
intercept); a, allometric exponent (slope); p, 95% confidence interval 
of a;r, correlation coefficient. 

—, No value given in literature. 
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placenta exists within each of the suborders Strepsirhini and 
Haplorhini. It is interesting that, whereas the standard metabolic 
exponent (0.75) lies outside the 95 °% confidence interval of a for 
both Strepsirhini (0.63 +- 0.05) and Haplorhini (0.69 + 0.04), 
another ‘standard’ exponent (0.67) is within these confidence 
limits. The value of 0.67 is known as the standard exponent for 
the interspecific ordinal scaling of brain size. It implies a 
determination of brain weight by body surfaces rather than by 
volume, a finding that has not yet been satisfactorily explained?. 
Similarly, it is difficult to explain the geometric similarity 
between neonatal weight and maternal surface. One explana- 
tion may be that, assuming (as for other organs®) virtual 
isometry of placental weight and maternal weight, placental 
surface rather than volume determines neonatal weight. 

Among macaque species, a (0.49 + 0.03) is clearly below 
0.75 and 0.67. As with other aspects of scaling of neonatal 
size, a parallel situation exists in the scaling of brain size. 
Studies of brain-body size relationships in primates!®-1* have 
shown that brain weights in adults of a single species (or a 
cluster of related species so similar that they appear as different 
size expressions of the same body plan) scale at a much lower 
power of the body weight (generally between 0.2 and 0.4) than 
more distantly related species. As with intrageneric curves of 
brain size’, the present findings on macaque species suggest 
that the low value of a in an intrageneric curve of neonatal 
size is probably a consequence of the intraspecific pattern 
which in turn represents the correlated variability on which 
selection acts. 

In summary, the findings on neonatal—maternal weight 
relationships in eutherian mammals indicate that neonatal 
size is not scaled metabolically. In taxa that are structurally 
and functionally equivalent in foetal membranes and placenta, 
neonatal weight scales at a power of maternal weight close to 
0.67. This suggests that maternal (placental) surfaces rather 
than volume determine neonatal size. 

I thank W. P. McNulty, Oregon Regional Primate Research 
Centre, for weight data for macaque species and S. J. Gould, 
W. P. Luckett, G. T. Sacher, K. A. Bennett, J. T. Kelly, S. G. 
Larson and J. A. Vilensky for constructive criticism, and J. Noda 
for constructing the figure. Support was provided by a grant 
from the Graduate School, University of Wisconsin, Madison. 
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Phenotypic variability of 
inbred and outbred mice 


THE relative phenotypic variability of inbred and commercially 
available outbred stock mice has never been satisfactorily 
investigated, even though it has important implications in the 
design of animal experiments. Early workers! suggested that 
“the published facts suggest that inbred strains are usually 
more variable than inter-strain hybrids, with random bred 
colonies occupying an intermediate position.” Later it was 
concluded that with respect to phenotypic variability, “no 
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general law can be asserted on the comparison of inbred strains 
with randombred stocks™?. A subsequent debate on the suita- 
bility of inbred, outbred and F, hybrid mice for biological 
assay?® failed to clarify the situation, and many research 
workers were left with the impression that inbred animals are 
more variable than outbred ones. Much of the early work 
could be criticised on the grounds that sample sizes were small, 
and few populations were sampled. We have collected extensive 
data on the phenotypic variability of the shape of the mandible, 
as part of a routine genetic quality control programme’’*, and 
have found that assuming equal sensitivity to an experimental 
treatment 50°% more outbred than inbred mice would be 
required to detect a l-unit change in mandible shape. 

Samples of mandibles from inbred (T), outbred (O), F, (F) 
and F, (F) hybrid mouse colonies were obtained from a 
number of locations and colonies, as summarised in Table 1. 

The outbred stocks were named as: TO, BKW, CFLP, 
LACA, LACG, ICI, MFI, CD-1, CFW, Porton and CF,. 
They were all commercially available ‘‘white mice” (except for 
the LACG) typical of those used for many research purposes. 
Inbred strains included the following, A, A2G, AKR, B10.BR, 
B10.A, BIO.LP-a, BALB/c, CS7BL, CBA/Ca, CBA/H-T6, 
CFNIH, C3H/He-mg, C3H/He, CE, CS57BL/10, C57BR/cd, 
DBA/1, DBA/2, F/St, ICFW, NZW and 129/RrJ. The F, 
hybrid mice were (C3H x DBA/2)F, and (BALB/c x CS7L)F;. 
The F, hybrids were (NZB x NZW)F, and (BALB/c x CS57L)F,. 

Each sample consisted of 8-28 (average 12) male mice over 6 
weeks old, and usually weighing 25-30 g, and at least two 
separate samples were obtained from each colony. 

Mandibles were prepared and measured as previously 
described® using 11 measurements per mandible, and the 
shape of each mandible was described by two discriminant 
functions 


K 


d, ai EBX; = |, k 
j ee ee are Oe | 

where the B,, are a set of constants given elsewhere (ref. 8, 

Table 3) calculated from a previous set of data (not included in 

this study) and the X; are the individual measurements expressed 


as a percentage of the sum of the measurements, in order to 


Fig. 1 Distribution of the within-sample phenotypic standard 
deviation of an index of mandible shape in F, hybrid, outbred 
(O), inbred (I) and F, hybrid mice. Arrows indicate the mean, 
n is the number of samples. Sample size averaged 12 mice. 
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Within-sample phenotypic s.d. 








Classification Po O l F, Total 
Locations 1 7 5 Sette 
Colonies 2 14 28 2 om 
Named stocks 2 11 22 2 37 
Samples 10 63 107 i4 194 
Mice {14 873 1,101 256 2,344 





correct for variation in size of individuals. The traits d, and d, 
may be regarded as numerical indices of mandible shape 
corrected for size. The data analysed in this study are the 
within-sample standard deviation of the two discriminant 
functions d, and d,, designated S, and $, in the 194 samples 
from the four different classes of stock, Although d, and d, 
discriminate well between strains, they do not discriminate 
between I, O, F, and F, classes, and there is no evidence for 
any association between mean and variance. Thus, the use of 
these two functions should not introduce any bias when cort 
paring the four classes of stock. Also, d, and d, are uncorrelated. 

Assuming that the two characters d, and d, have a polygenic 
mode of inheritance, the variation within the F, crosses should 
give a direct estimate of the environmental variance Ke The 
total genetic variance (including additive and non-additive 
components) within the F, and O classes of stock may then be 
estimated by subtraction. 

The distribution of the within-sample standard deviations is 
shown in Fig. 1 for trait S,. Within the inbred class of stock 
there was no evidence that some strains were more variable 
than others. Similarly, there was no evidence that some of the 
outbred colonies were more variable than others, though Fig. ] 
shows that the variation between samples was greater than with 
the inbreds, and as some are likely to be more inbred than 
others, differences could have been expected. 

Pooling the data within each class of stock, the following 
relationships for phenotypic variability were established 


Trait S F > *O> IS F, 
Trait S,: F, > *O > *I> F, 


*Significant (0.01 < P <90.05) 
**Significant (P > 0.01) 


The mean phenotypic standard deviation in each class of 
stock, together with standard errors, is summarised in Table 2. 
Inbreds were slightly but not significantly more variable than 
F, hybrids, but were substantially less variable than the out- 
breds, which in turn were less variable than the F, hybrids, 





Table 2 Mean phenotypic standard deviation fand its standard 
error) of two indices of mandible shape (S, and Sa) 








Class of stock No.ofsamples $, şe. Š, se, 
F, 10 1.73 0.161 1.32 0.161 
O 63 1.49 0.055 1.39 0.050 
I 107 1.14 0.022 1.06 0.030 
F, i4 1.01 0043 0.97 0.056 





Estimates of the environmental variance, and the genetic 
variance within the F, and O stocks is given in Table 3. Herit- 
abilities (in the broad sense) of d, and d, were estimated as 
0.660.175 and 0.59-+0.216, respectively. As single-cross F, 
stock has a coefficient of inbreeding of 0.5 (ref. 10), the relatively 
low genetic variance of the O stock compared with the F, 
stock implies a substantial degree of inbreeding, probably 
equivalent on average, to four or more generations of brother 
sister mating. 

This study shows unequivocally that for these two highly 
heritable polygenic characters outbred stocks are substantially 
more variable than inbreds. The implications in terms of 
number of animals required in an experiment may easily be 
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Table 3 Genetic and environmental variances 


Variance Estimated from Trait S, s.e. Trait S, s.e. 
Ve Vey 1.02 0.061 0.94 0.076 
Va Veo—Ve, 1.97 0.398 1.37 0.230 
Va": V.—V F, 1.20 0.129 0.99 0.124 





calculated on the assumption that none of the classes of stock 
is likely to be more sensitive to an experimental treatment than 
another. In these circumstances, an experiment set-up to detect 
a | unit change in mandible shape between treated and control 
groups (assuming type | and 2 errors are set at 5%, and 10% 
respectively) would require 13 F,, 16 I, 25 O or 34 F, animals. 
Thus, in this case, more than 50% more outbred than inbred 
animals would be required, though the difference would not 
be so large in the case of characters with a lower heritability. 

These findings give added support to the case for the more 
widespread use of inbred strains''. 
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Fine structural changes in human 
astrocyte carrier lines for measles virus 


CHRONIC infection with measles virus is causally related to 
the human syndrome of subacute sclerosing panencephalitis 
(SSPE)'**, and means of reproducing that condition in 
experimental animals are being sought ™. Measles carrier 
states in vitro have been established in some human''~"* and 
rodent ™ cell systems. We now report the establishment of 
measles carrier states in human astrocyte cultures of 
normal brain, and in a tumour astrocyte line, as well as the 
emergence of fine structural features which bear a close 
resemblance to findings in the brain of some patients with 
SSPE". 

Two strains of measles virus were used—wild type (WT) 
derived from a pharyngeal swabbing of a patient with 
measles, and Edmonston (ED), a laboratory strain’’. Infec- 
tivity (TCIDs»/0.1 ml of cell-free supernatant), haemag- 
glutination (HA) and neutralisation titrations followed 
published procedures’, as did primary and secondary cell 
culture techniques”. The same batches of Eagle’s MEM 
and of foetal calf serum were used throughout. 

In initial work to establish measles carriers we used the 
INI tumour astrocyte line”; equivalent IN1 cells had been 
used successfully to initiate the V-IN1 line of visna virus- 
producing human astrocytes”. Subsequent work with astro- 
cytes derived from two normal foetal brains (HFA1, HFA2) 
and with WT virus gave an essentially similar pattern of 
virus-cell interaction. The following description of the 
establishment of the ED-human tumour astrocyte line 
(ED-1N1) will therefore serve, save for minor variations of 
time scale, for the ED carriers derived from normal astro- 
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cytes (ED-HFA1; ED-HFA2) and the WT astrocyte carriers 
(WT-IN1; WT-HFA1; WT-HFA2). 

IN1 cells at passage 125 were used. At this passage level, 
the cells contain glycogen”, synthesise high levels of adenyl 
cyclase” and respond appropriately to catechol stimulation”, 
as befits astrocytes. 1N1 cultures at a density of I x 10* cells 
per mm’ were exposed at 37 °C to 0.01 TCIDs ED virus per 
cell for 2h, then rinsed and returned to growth medium. 
Binuclear cells were plentiful in 2d, small syncytia in 3, 
huge syncytia in 5; cytolysis began on about day 5 and was 
almost total by day 9. Intranuclear and cytoplasmic inclu- 
sions were made visible by Giemsa staining. Infectivity titres 
at day 7 after infection were 10°° TCID» and HA was 
14-28. These results are mm accord with an acute cytolytic 
infection of classical type by measles virus'’''’. 

In occasional cultures, scattered cells survived for 14d; 
such survivors were likely to develop into carriers. The 
ED-INI line was derived from cells infected as above: a 
few discrete cells survived for 9d after infection; these were 
elongated and had prominent paranuclear vacuoles. At 14d 
after infection five small cell groups were present; 25 d after 
infection mitoses were frequent; the most common cell 
was plump and fusiform. Small syncytia appeared 31 d after 
infection among the other cells, grew slowly to maximum 
size (always much smaller than in cytolytic states) in 8 d and 
eventually rolled off, while other syncytia developed. The 
predominant cell was mononuclear. At 60d after infection 
the cells were trypsinised for the first time, and designated 


Fig. 1 a, Intranuclear inclusion, as seen in cytolytic cultures of 
INI cells 5 d after infection with ED measles virus. Higher magni- 
fications (b) show them to consist of arrays of 16-nm smooth 
nucleocapsid tubules. From fourth transfer onwards, such tubules 
were not observed in the carrier lines. The bar represents 500 nm. 
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Fig. 2 aand b, Development and structural detail of complete 
measles virions at the cell surface, as found in both cytolytic and 
carrier cultures. c, Structurally defective particles observed 
(beside complete virions) from fifteenth transfer stage in the 
carrier lines. Note the lack of external projections and disorderly 
packaging of the nucleocapsids. The bar represents 500 nm. 


ED-INI*. Intranuclear and cytoplasmic inclusions were 
present in both fusiform cells and syncytia. Infectivity titres 
at this stage were 10° TCIDs». Between transfers 5 and 15 
they were consistently 10° TCIDs, while HA titres were 
28-56 and anti-measles neutralisation stood at 1/4. In later 
transfers, interference was evident, that is, no syncytia were 
expressed at 10°, 10™ and 107**, but they were seen at high 
dilutions of virus. Morphologically atypical virus was 
detected subsequently in electron micrographs of such cul- 
tures. So far the ED-INI1 line has had 21 trypsinisations; 
this covers 32 weeks from initial trypsinisation. The cells 
continue to grow well, to produce inclusions and scattered 
syncytia, and virus titres now stand at 10°° TCID». The HA 
titres of the WT lines (WT-INI; WT-HFAI; WT-HFA2) 
are 128-256; those of the ED lines (ED-INI; ED-HEAI; 
ED-HEA2) are 14-28. The WT lines are at transfer 12. 

For electron microscopy*’’** representative cultures of the 
INI cells Sd after infection with ED strain and from trans- 
fers 3 to 21 of the noncytolytic ED-INI1 carrier line were 
compared with equivalent transfers of uninfected HFAI, 
HFA2 and INI] cells, and with WT-INI°", WT-HFAI’, 
WT-HFA2° and ED-HFAI* carrier lines. 

The ultrastructure of the cytolytic cultures showed all the 
usual intranuclear and cytoplasmic features (see for 
example, refs 26 and 27) (Fig. la and b). Extracellular 
virions featured a surface layer of 8-nm projections, charac- 
teristically thickened envelope membrane, and nucleocapsid 
tubules disposed peripherally in spiral form (Fig. 2a and b). 
The infected nuclei also had many rounded condensations 
of microfilamentous material resembling the “nuclear 
bodies” of normal cells”. 

Between transfers 3 and 21 of the ED-INI carrier line 
there were three morphological changes: (1) the dis- 
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appearance of measles intranuclear nucleocapsids, (2) the 
appearance in the nuclei of complex structures seemingly 
derived from nuclear bodies and (3) the emergence of a 
proportion of morphologically defective virus particles at 
the cell surfaces. Intranuclear aggregates of measles nucleo- 
capsid™™’™ were not found in any of the carrier cultures. 
In rare cells at transfer three scattered tubular profiles 
were found whose size matched that of smooth nucleocapsid. 
From the fourth transfer onwards, even these occasional 
structures were absent. At this stage, however, unusually 
large nuclear bodies (up to 800 nm diameter) became fre- 
quent, some with centrally placed clusters of vesicles (Fig. 
36). By transfer 7, enlarged, structurally abnormal nuclear 
bodies, from 500 nm to 3.5 um in diameter and with a well 
developed membranous component, were a feature of almost 
all the cells. Four types could be recognised, perhaps repre- 
senting different developmental stages: (1) simple micro- 
filamentous, (2) vesicular, (3) complex laminar and (4) 
cisternal (Fig. 3a-d). A single nucleus often held different 
types. Such bodies were invariably demarcated from sur- 
rounding nuclear structures by a peripheral zone of micro- 
filamentous matrix, like that of nuclear bodies in control 
cells*. The new structures were easily distinguished from 
nucleoli or infoldings from the nuclear envelope. Most 
striking were the large laminar and cisternal types, in which 
paired membranes formed closely coiled profiles, with 
various degrees of focal distension or ballooning. A layer 
of fine (9-10nm) regularly spaced filaments often was 
intercalated between the paired membranes (Fig. 3c). Such 
modified nuclear bodies, and an absence of measles intra- 
nuclear nucleocapsid tubules, also characterised the other 
carrier kines. Extensive surveys of uninfected cultures 
showed normal! small nuclear bodies; no suggestion of the 
more complex structures was ever seen. 

All carrier lines had numerous, large cytoplasmic in- 
clusions akin to those found in cytolytic cultures. Virus 
particle morphogenesis was evident in all carriers; but in 
later transfer stages, especially the 15th and 21st transfers 


Fig. 3 Four types of nuclear bodies, present within nuclei of 

ED-IN1 carrier cultures at fourth and seventh transfer stages: a, 

simple microfilamentous; b, vesicular; c, complex laminar; d, 

cisternal. The more elaborate forms were a prominent feature 

from the seventh transfer oe g onwards. The bar represents 
nm. 
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of the ED-IN1 line, other types of membrane-bound par- 
ticles were also found (Fig. 2c); their envelopes resembled 
unmodified host plasma membrane, lacking external pro- 
jections or thickening of the unit membrane. The contained 
nucleocapsid tubules lacked the characteristic penpheral 
and spiral disposition of complete measles virions (Fig. 2a 
and b). These were considered to be morphologically defec- 
tive measles particles: their presence would seem to com- 
plement the observation of viral interference noted in 
infectivity titrations. 

We conclude that the measles carrier lines exhibited a 
common pattern of fine structural changes, whether derived 
from normal or tumour astrocytes and whether infected 
with ED or WT virus. It would be interesting to know 
whether measles vaccine preparations can induce a similar 
in vitro response in suitable host cells. A prominent feature 
of the carrier lines, not reported previously even in long 
term measles-infected organ cultures“, was the emergence 
of complex intranuclear formations interpreted as modified 
nuclear bodies. Martinez ef al., in a review based on eight 
autopsied cases of SSPE, defined a category of nuclear in- 
clusions believed to be of diagnostic significance and 
representing altered nuclear bodies, distinct from paramyxo- 
virus-like nucleocapsid tubules also reported in this 
disease 2e, Enlarged nuclear bodies of the same kind 
were in evidence from the third transfer onwards in our 
astrocyte carrier lines, together with even more elaborate 
forms with a well developed membranous component. 
Simple hypertrophy of nuclear bodies is well known in 
measles, and some other virus infections”, but their 
relationship, if any, to synthesis of specific viral com- 
ponents is still largely speculative. SSPE is associated with 
a defective form of measles virus‘. Although the carrier 
lines continued to produce infective virus throughout, 
evidence of defective particle production was also obtained. 

Functional and structural features of the measles carrier 
state in human astrocytes seem therefore to present interest- 
ing parallels with the disease SSPE. 

E. H. MACINTYRE 
J. A. ARMSTRONG 
National Institute for Medical Research, 
Mili Hill, 
London, NW7 IAA, UK 
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Environmental carcinogens 
and large bowel cancer 


THE geographical variation in the incidence of large bowel 
cancer together with the increased incidence found in 
migrants from low risk to high risk areas support the view 
that environmental factors are involved in the aetiology of 
this disease’. These environmental factors are thought to 
be largely dietary although other influences have not been 
excluded. Aries et al.’ suggested that the disease is caused 
by carcinogens produced by gut bacteria from bile acids. 
Diet would influence both the bile acid levels in the bowel 
and also the nature of the gut flora. Faecal bile acids are 
more concentrated in faeces from people living in high 
incidence areas than in faeces from populations at low risk’. 
Similarly, faecal bile acids are usually more concentrated 
in samples from patients with large bowel cancer than in 
those from control patients’. Bile acids were postulated 
to be the substrates from which the gut flora produced 
carcinogens’ and indeed this suggestion has been supported 
by the demonstration that the faecal concentration of 
bacterially degraded bile salts is more highly correlated with 
the incidence of large bowel cancer than is the total bile 
acid level". However, it has been suggested that the primary 
role of bile acids is as co-carcinogens and this suggestion is 
supported by the results of animal experimentation demon- 
strating the promoting effect of bile acids on the action of 
known carcinogens’. If it is accepted that bile acids act as 
co-carcinogens it becomes necessary to explain how the 
carcinogen reaches the large bowel without producing 
cancers in other parts of the gastrointestinal tract. Here we 
describe preliminary investigations of a mechanism by which 
an environmental carcinogen could be transported to the 
large intestine. 

The conjugates and metabolites of benzo[a]pyrene were 
prepared biologically. This compound has been shown to 
undergo oxidation and conjugation in the rat and is excreted 
mainly in the bile as glucuronic acid and sulphate conjugates 
of phenols, as conjugates of dihydrodiols and possibly as 
mercapturic acid conjugates’. Two bile duct cannulated 
female Wistar albino rats were given 7,10,14-"“C-benzof[a]- 
pyrene (Radiochemical Centre, Amersham); | mg; 14 aCi 
per rat. The bile was collected for 4h and found to con- 
tain 6.7 and 12.5% of the administered “C. Analysis by thin 
layer chromatography“ showed a single peak of radioactivity 
at the origin, corresponding to conjugated metabolites. Ali- 
quots of the pooled bile containing the “C metabolites of 
benzo[a]pyrene were incubated with samples of human and 
rat faeces homogenised in nutrient broth. Further aliquots 
of the bile were incubated with pure cultures of bacteria 
representing the major types found in the intestine. After 
incubation for 72-96h under strictly anaerobic conditions 
the reaction mixtures were analysed by thin layer chroma- 
tography. 

Almost all the bacteria tested were able to hydrolyse the 
conjugates to release the oxidative metabolites of benzo[a]- 
pyrene (Table 1) and the major conjugated metabohtes of 
benzo[a]pyrene seem to be phenols and quinones. ft is, 
however, possible that further metabolism of the uncon- 
jugated metabolites may have occurred, and these phenols 
may have been produced from or converted to dihydrodolls 
and, to some extent, to benzoflalpyrene. Of particular 
interest are the findings that the organism releasing the 
greatest amount of the parent hydrocarbon in this test 
system, Clostridium paraputrificum, is present in larger 
numbers in the faeces of “western” subjects’ than in faeces 
from low risk areas, and the Bacteroides spp. show this 
activity as well as deconjugation of taurocholate and dehy- 
droxylation of bile acids. 
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Table 1 The bacterial hydrolysis of the conjugates of benzo[a]pyrene excreted in the bile of rats 


Proportion of benzo[a]pyrene and its metabolites 


reer tetris Sanam rane neha Weirton veniam mad dere aa Che aD RRS 








Conjugates Phenols and | 
hydrolysed (%) Dihydrodiols quinones Benzo[ajpyrene 
Rat faeces 28.0 15.9 11.3 0.7 
Human faeces 28.4 10.2 17.1 0.9 
B. fragilis 9343 14.6 Que 11.8 0.8 
B. fragilis ST 2 26.0 7.2 18.4 0.4 
Cl. perfringens 10379 12.6 1.9 10.4 0.3 
St. faecalis 775 13.5 2.6 10.5 0.4 
E. coli 10.0 3.1 6.8 0.1 
KI. pneumonea 13.2 2.0 10.5 0.7 
CI. sporogenes 8.9 0 8.9 0.3 
Cl. sporegenes 0 0 0 0.3 
Cl. paraputrificum 12.3 0.1 11.4 0.9 


The results are expressed as the percentage of the total radioactivity in the incubate. 7 Ni 
Rat bile (100 ul) containing the conjugated metabolites of benzo[a]pyrene was incubated at 37 °C under anaerobic condilion: for 72-96 h. 
Incubation in the absence of microorganisms showed a limited hydrolysis and conversion to benzo[a]pyrene, that ts 10.0 and 0.5% 





/ respectively , 


which has been subtracted from the bacterial incubations to give the above results. 


These preliminary experiments show that bacteria of the 
types found in the human intestine are able to hydrolyse the 
conjugated metabolites of benzo[a]pyrene excreted in the 
bile of the rat. A small, but significant, amount of benzo[a]- 
pyrene was also released, probably as a result of the 
dehydroxylation of hydroxylated metabolites. These re- 
actions are a reversal of the detoxication processes per- 
formed by the liver. An analogous mechanism is thought to 
explain the intestinal cancers produced in rats as a result of 
the administration of 3-methyl-4-aminobipheny!l and 3- 
methyl-2-aminonaphthalene, and the relevance of such 
studies with aromatic amines to large bowel cancer was 
reviewed by Weisburger’’. 

Polycyclic aromatic hydrocarbons, such as _ benzola]- 
pyrene, are widely distributed in nature and arise mainly 
from the combustion of organic matter, especially fossil 
fuels. Their concentration in the environment is thus in- 
creased by industrial activity. Engst and Fritz’* showed con- 
centrations of 0.8 wg kg in sea sand, up to 0.8 mg kg” 
rural soils but 65 mg kg in the industrial urban environ- 
ment. These compounds also occur in smoked foods. We 
suggest that polycyclic aromatic hydrocarbons such as 
benzo[a]pyrene ingested from the environment may act 
as the primary carcinogens in the development of large 
bowel cancer. The geographical variations in the incidence 
of this disease could then be partly explained in terms of 
the variations in the distribution of the carcinogens associa- 
ted with industrial activity, since the incidence of colon and 
rectal cancer is highly correlated with gross national pro- 
duct”. 

The consumption of a western diet, rich in fat and pro- 
tein, is undoubtedly also important. Diet probably influen- 
ces the metabolism of polycyclic aromatic hydrocarbons 
directly, as a result of its influence on mucosal enzymes and 
indirectly by the effect on bile acid metabolism. Aryl hydro- 
carbon hydroxylase activity is present in the duodenal 
mucosa of rats fed fat-containing diets and may be induced 
by exposure to benzanthracene. The enzyme is present at 
very low levels in the mucosa of rats fed fat-free diets and 
is detected in the colon of rats fed fat-containing diets only 
after exposure to benzanthracene™. The levels of other en- 
zymes, associated with benzo[a]pyrene metabolism in the 
gut wall, have not been extensively investigated. 

There are two ways in which bile acids may be important 
in the metabolism of polycyclic aromatic carcinogens excre- 
ted in the bile. (1) The conjugated metabolites of benzo[a]- 
pyrene in the bile are amphipathic compounds, as are the 
bile acids. An important function of bile acids is the forma- 
tion of mixed micelles during fat digestion and it is possible 
that polar conjugates are incorporated into micelles thus 
aiding their transport through the small intestine. (2) Poly- 
cyclic aromatic hydrocarbons are lipid soluble and it has 
been suggested that this property would render them inac- 
tive in the aqueous environment of the gut". Bile acids are, 


however, powerful solubilising agents and would maintain 
the carcinogens in solution and aid their interaction with 
cell surfaces. 

In conclusion, we would suggest that large bowel cancer 
results from the retoxification by the gut flora of the liver 
metabolites of polycyclic aromatic hydrocarbons. This pro- 
cess is influenced by the effect of diet on the intestinal cells 
and secretions, particularly bile acids and possibly by the 
effect of diet on the gut flora. The disease is more common 
in western countries because (1) industrial activity increases 
the amounts of polycyclic aromatic carcinogens in the en- 
vironment and (2) the western diet favours the retoxifica- 
tion process. 
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T-T cell collaboration during in vivo 
responses to antigens coded by the 
peripheral and central region of the MH( 


MIXED lymphocyte culture (MLC Y has been used exten- 
sively as an in vitro model to analyse the reactivity of T 
cells to antigens coded by the major histocompati 

complex (MHC). When murine T ee 
exposed in vitro to allogeneic lymphoid cells i 
cells) they proliferate and cytotoxic T yn 
are generated’’’. Antigens coded by the cer ay 
the MHC are chiefly responsible for triggering prolifer- 
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Table 1 Collaborative effect of in vitro responses to antigens coded by the peripheral and central region of the H-2 complex 


Stimulator cell 


*H-thymidine °% Specific lysis of targets 
CBA ATH 


Responder cell (X irradiated) incompatibility uptake ) 
K,IA,IB,IC,D (c.p.m.) (k kkk k) (s sss d) 
ATL me 400 — 1 —3 
(s kkk d) +80 
ATH ai e a is 22,000 6 24 
(s sss d) + 3,600 
ATL CBA + — — + 8,000 32 5 
(s kkk d) (k kkk k) +1,700 
ATH 
(s sss d) ane fe i saa 27,000 87 35 
plus -+-3,100 
CBA 
k kkk k me ee a Seer 
(CBA x ATH)F, + +H 29,000 92 34 
G sss d + 2,600 
k kkk k 


LENE OC TATANO ANTARANE AAAA Aaaa 
The MLC system used to assay for proliferative responses (*H-thymidine uptake technique) is that described by Peck et al.??. Splenic responder 
cells (0.25 x 10° cells per well) were incubated with 0.25 x 10° X-irradiated (2,000 rad) splenic stimulator cells in MLC medium?! supplemented 
with 0.5% fresh mouse serum and 5x 1075 M 2-mercaptoethanol (ME) in flat bottom microtitre plates (Greiner, Nurtingen/Germany) over a 
period of 3.5 d. The cells were then pulsed with 1 wCi ?H-thymidine per well for 7 h and processed as described2?. Six replicate cultures per 
group were formed. The data given represent the mean -+ s.d. The culture system used for the development of CTL has been described else- 
where™?, Briefly, 3 x 10° responder cells were cultured together with 1.5 x 10* irradiated stimulator cells in Marbrook flasks containing MLC 
medium supplemented with 5°4 FCS and 5x 1075 M ME. After 5 d the cultured cells were titrated for cytotoxicity against LPS-induced blast 
lymphocytes’ in a “Cr assay as described’, The lysis values given (mean of three determinations) were obtained at a ratio of attacker cells 
to target cells of 30 to 1: the data are given without s.d., since in the experiments listed the s.d. of percentage specific lysis was less than [4] %. 
Background lysis during the 3-h assay was less than 18%. The letters within the brackets denote the H-2 genotype of the respective cells. 


ation**, whereas the target antigen of the CTL generated is 
either a H-2K or H-2D region or a I-A subregion gene 
product*”*, This dichotomy in the antigenic requirement of a 
MLC seems to be reflected at the level of the responding 
T lymphocytes. Two distinct subsets of T cells (T/T), 
which have been defined by both functional” ™ and physical” 
criteria and possibly on the basis of their Ly phenotype”, 
seem to act synergistically during the in vitro generation of 
CTL’. Proliferating T, helper cells are thought to respond 
mainly to I-region gene products’*:’? whereas the pre- 
cursors of CTL (T; cells) are believed to react specifically 
to transplantation antigens coded by the H-2K, H-2D, or 
I-A region’*:’. The proliferating T, helper cell is believed 
to potentiate the development of CTL either by itself or 
through a secreted helper factor’? >15". A serious limitation 
of this concept is, however, that so far the experimental 
evidence available is derived from work performed in vitro. 
We therefore aimed at verifying T~T collaboration during 
in vivo responses to antigens of the MHC. 

The mouse strains we used were chiefly strains ATL, 
ATH and CBA/J. CBA/J and ATL mice are identical for 
the H-21 region, whereas ATL and ATH mice share the 
same H-2K and H-2D regions, but differ at the I region’. 
The results presented in Table 1 were obtained in vitro and 
demonstrate the effect of allogeneic, I-region-coded deter- 
minants on the generation of CTL specific for antigens 
coded by the H--2K and H-2D region. Thus ATL responder 
T cells proliferate strongly in response to I-region-incom- 
patible ATH stimulator cells. In this combination no CTL 
reactive against antigens of the H-2K or H-2D region of 
the H-2* haplotype are generated (the CTL generated are 
reactive against antigens of the I-A* subregion’). On the 
other hand, ATL responder cells respond with a moderate 
cell proliferation to H-2K and H-2D region-incompatible 
CBA stimulator cells, and anti-H-2K* and anti-H-2D* 
region-specific CTL. are generated. In the presence of “third 
party” ATH stimulator cells, however, the generation of 
H-2K* and H-2D* region-specific CTL is strongly enhanced. 
These results basically confirm the work of Bach and 
associates” ™ "° and stress the collaborative effect of I- 
region-coded determinants on the in vitro generation of 
anti-H-2K and anti-H-2D region-specific CTL. 

To find out whether during the induction of an in vivo 
allograft reaction a similar collaborative mechanism is 
operating, the following experimental protocol was applied: 


a fixed number of distinct H-2 region-incompatible stimu- 
lator cells were injected into the hind footpad of ATL mice. 
After 3 d the draining lymph nodes were isolated, teased and 
single-cell suspensions were prepared. The cells were cul- 
tured (without adding stimulator cells) for 48-72 h more at 
37 °C, a period required to allow full differentiation of the 
sensitised CTL precursor (A. St-P., in preparation). After 
this the lvmph node cells were tested for the presence of 
CTL in a “Cr-cytotoxicity assay. Results of a typical experi- 
ment are given in Table 2 and indicate in vivo an even more 
pronounced amplification effect of I-region incompatibility 
on the generation of H-2K and H-2D specific CTL com- 
pared with the in vitro data (Table 1). Thus the capacity of 
H-2K and H-2D region-incompatible stimulator cells to 
provoke a specific CTL response was greatly increased 





Table 2 Collaborative effect of in vivo responses to antigens coded by 
the peripheral and central region of the H-2 complex 


Irradiated H-2 °/ Specific lysis of 


Recipient stimulator cells incompatibility targets 
(107) K, IA,IB, IC, D CBA ATH 
(k kkk k) (s sss d) 
ATL me 0 I 
(s kkk d) 
ATL ATH a es Gel a 4 19 
(s kkk d) {s sss d) 
CBA E a a 12 3 
(k kkk k) 
ATH 
{s sss d} r a as a 
plus plus 76 2i 
CBA 
(k kkk k) H = = m + 
(CBA xATH)F, + + + 4 4 69 24 
(3 sss d 
k kkk k 


ATL mice (recipients) were injected with either 10° ATL, or ATH, 
or CBA, or F, (CBA x ATH), or a mixture of both 107 CBA and 
10 ATH mouse derived irradiated splenic lymphocytes into the left 
hind footpad. After 3 d the draining lymph nodes (LN) were dissected, 
single-cell suspensions were prepared and the cells were cultured for 
3 more days im vitro. In general about 4 x 106-6 x 10® cells were ob- 
tained per LN. Thereafter, the cells were titrated for cytotoxicity 
in a °'Cr assay’ against LPS-induced target cells’. The percentage 
specific lysis values given were obtained at a ratio of attacker cells 
to target cells of 30 to 1. Collaborative effects of I region-incompatible 
stimulator cells were obtained with as few as 2 x 10® ATH stimulator 
cells injected together with 10’ CBA stimulator cells (unpublished 
results). Background lysis of the target cells was less than 16°%. 





Nature Vol. 263 September 16 1976 


provided I region-incompatible stimulator cells were simul- 
taneously injected into the hind footpad. In other words, the 
magnitude of the CTL response generated towards antigens 
coded by the peripheral K or D region of the H-2 complex 
was amplified by an I region-dependent stimulus presented 
separately on a “third party” cell. 
From the experiments, we conclude that the collaborative 
effect of a T-cell response to I region-incompatible allo- 
geneic stimulator cells on the generation of anti-H-2K and 
anti-H-2D-specific CTL seems to take place in vivo as 
effectively as in vitro. Since the target antigens of CTL are 
believed to be the transplantation antigens coded by the 
H-2K and H-2D region and I-A subregion of the H-2 
complex’?, and since CTL are thought to be primarily re- 
sponsible for allograft rejection in vivo’, the in vivo immu- 
nogenicity of grafted allogeneic cells seems to be strongly 
dependent on whether or not they express the phenotypical 
products coded by the I region of the H-2 complex, besides 
H-2 transplantation antigens. Because lymphoid cells 
express antigens coded by both the peripheral and central 
region of the H-2 complex, our results are compatible with 
the concept that passenger leukocytes” may heighten the 
immunogenicity of transplanted allogeneic tissue grafts. 
They also offer an explanation of why anti-Ia antibodies 
eventually result in graft prolongation, and are compatible 
with the finding that allogeneic thyroid transplants are 
rapidly rejected, provided the recipient’s T lymphocytes are 
sensitised against I region coded cell surface antigens”. 
This work was supported by the SFB 107 (Mainz). We 
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Possible mechanism for the 
biological action of lithium 


In spite of considerable early controversy it is now generally 
recognised that lithium has a favourable therapeutic effect 
on affective disorders and for some years lithium salts have been 
used with some degree of success in medical practice’*. Curi- 
ously, in spite of the extreme simplicity of lithium as a drug, there 
is little understanding of its mode of action. In this article we 
outline a possible explanation. 

Lithium as a drug is given in the form of a simple salt and 
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Fig. 1 Uramildiacetic acid 


the active agent is undoubtedly the lithium cation. The dose 
level, around 1 mM, in the body, is extremely high and the most 
likely action of lithium is that it challenges one of the common 
biological cations Nat, K+, Mg®*+ and Ca?®*. This explanation 
meets, however, with an immediate difficulty in that it is very 
hard to find an example of an organic ligand which can bind 
lithium with a stability constant as high as 10° and yet does 
not bind Mg?+ and Ca?+ with much higher affinity (Table 1). 
In other words, Table 1 seems to show that there is no ligand 
which lithium could bind in the presence of these cations, 
In this note we wish to show that the use of Table 1 in this 
fashion is completely misleading as to the possible action of 
lithium within the context of biological media, which amounts 
to saying that chemical affinities measured by absolute values of 
stoichiometric stability constants do not give the true tendency 
for preferential binding of a certain metal ion if other potential 
complexing agents are also present and that the free metal ion 
content of the compartment under discussion must be known. A 
better approach is to use ‘conditional’ stability constants,which 
are constants valid for the medium in which the reaction is 
taking place. The discussion then has much in common with 
that used in analytical chemistry where less stable metal 
complexes are preferentially formed by a metal M, with a 
ligand L, by ‘removal’ of other metals M, by ‘sequestering’ or 
‘masking’ agents L, which bind M, differentially more strongly, 
that is, under the conditions of the experiment Kai, > Kmita 
such that Kml” K' Mote: 

We start the analysis of the binding of the five cations 
Lit, Nat, K+, Mg®+, Ca?+ to different ligands by using as a 
convenient measure of the uptake tendency of a certain ion 
by a certain ligand the product K’m. [M], where K's is the 


Fig. 2 Conditional constants of the magnesium and lithium 
complexes of uramildiaceticacid (log K’y,,at pH = 7)asa function 
of the concentration of free ATP*™. 
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Table 1 Stability constants* (log K) of complexes of alkali and alkaline earth complexes in aqueous solution’ 


Ligand Li? 
OH~ 0.3 
HPO ,?* 0.5 
P.O.7 2.39 
P.O, 0° 7 2.8 
ADP? 

ATP*~ l 


Uramildiacetate 
o-Hydroxyphenyliminodiacetate 


a 

49 

2.2 
o-Carboxyphenyliminodiacetate 2.05 
Cyclohexyliminodiacetate 1.74 
2-Hydroxycyclohexyliminodiacetate 2.19 
o-Sulphophenyliminodiacetate 2.26 
Iminodiacetate 0.96 
Methyliminodiacetate 1.20 
Nitrilotiracetate 2.51 
EDTA‘~ 2.79 
MethylIEDTA‘~ 3.43 

EGTA*~ 12 


DCTA*™ (ref. 4) 
Cryptate 112 (ref. 5) 


ee 
{pd me 
Sw 


Nat Kt Mg?*t Catt TCC) ut 
—0.5 a 2.5 1.3 25/0 
0.1 — 2.5 (1.5) 25/0 
1.0 0.8 5.41 4.95 25/1 
Fi 1.3 5.83 5.44 25/1 
0.65 0.67 3.23 2.81 25/0.2 
1.2 0.9 4.43 3.92 25/0.3 
or 9.1 
242 1.23 8.42 8.31 20/0.1 
1.0 _ 6.86 6.27 20/0.1 
0.89 — 3.91 5.06 20/0.1 
0.90 — 3.46 3.34 20/0.1 
0.75 a 4.27 5.19 20/0.1 
0.98 — 2.68 4.57 20/0.1 
0.36 — 2.94 2.59 20/0.1 
0.61 oe 3.44 3.75 20/0.1 
1.32 06 5.41 6.41 20/0.1 
1.66 0-.96 8.69 10.70 20/0.1 
2.24 —- 10.29 11.47 30/0.1 
1.4 — 5.41 11.0 25/1.5 
or 0.1 
2.70 10.35 11.20 30/0.1 
2.80 <2 2.80 25/0.1 


ene eee 


tu, Tonic strength. 


*Source: Stability Constants (Chem. Soc. Sp. Publs 17 and 25, London 1964, 1971). 


‘conditional’ stability constant of the complex formed between 
that ion and ligand concerned and [M] is the concentration of 
metal ion in solution in the compartment?. 

In the case of prolonged lithium therapy, the concentrations 
of the common alkali- and alkaline-earth metals in the cyto- 
plasın of cells will be close to those given in Table 2. In the cells 
there are not many good ligands of comparable concentration 
but, strikingly, adenosine triphosphate (ATP) is often present in 
a very comparable concentration range. In some vesicles, such 
as the adrenal chromaffin granule, the ATP concentrations 
may reach even higher values; typical results are Ca’* — 
14mM, Mg?? — 6mM, K* = 20mM ATP — 100 mM (ref. 
4 and A. Daniels and R. J. P. W., unpublished). Leaving such 
special regions of the cell aside for the moment, we see that 
inside the cytoplasm of cells generally lithium will be selected 
preferentially to sodium and potassium if log K’; is greater 
thar log K’x, and log K’, by a factor of 2. Several ligands meet 
this requirement. Lithium will be selected preferentially to 
calcium by any ligand which has a conditional stability constant 
which is not more than 3 log units smaller for the lithium com- 
plex and even up to a difference of 5 log units there will be 
appreciable competition of lithium for calcium sites. This is 
easily achieved by many ligands which have log K’; of about 3 


in cells will not prevent lithium binding. Magnesium poses a 
greater problem for it is present in equal or greater concentration 
than lithium and we must now examine competition between 
ligands for magnesium and lithium. 

Let us take the situation in the cytoplasm when Mg?* (total) 
< ATP (total) and examine the effect of this background of rela- 
tively high ATP concentration upon the conditional stability 
constant of lithium and magnesium complexes with some 
chosen ligands (Table 1). 

One of the most stable lithium complexes known is that of 





Table 2 Concentration of common alkali earth metals and of ATP 
in cytoplasm of cells 
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Species Concentration (M) 
Li* 10-4 
Na* 107? 
K* 107 
Mg’? 1073-10775 
Ca?+t 10-7 
ATP 10738 — 10735 


LANAA DAA AA AAR AAA OAA aaa 


uramildiacetic acid ligand (Fig. 1)—which has been studied in 
detail by one of us®’. 

The values given in Table 2 were used to calculate ‘conditional’ 
stability constants for the magnesium and the lithium complexes 
of uramildiacetic in the presence of 10-75 M free ATP. The 
results are presented graphically in Fig.2 and it cam be seen that 
for the conditions prevalent inside cells, as described above, 
although the magnesium complex remains the most stable of 
the two, lithium is likely to interfere and compete with magnesium 
to some 20-30% for its binding sites. 

It is perhaps worthwhile to point out that the choice of 
uramildiacetic acid is not arbitrary, as there are obvious analo- 
gies between uramildiacetic acid and some compounds from 
which it actually derives, for example, barbituric acid and uric 
acid, curiously enough associated with lithium therapy from 
the very beginning. Hence Lipowitz and Garrod® refer to the 
combination of lithium with uric acid promoting the dissolution 
of urate deposits in cartilages and, more recently, Margulies’ 
used lithium in combination with barbiturates obtaining favour- 


Fig. 3 Conditional constants of the magnesium and lithium 
complexes of o-carboxiphenyliminodiacetic acid (log K’mx) 
at pH = 7 as a function of the concentration of free ATP*~. 
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Fig. 4 Ortho-carboxyphenyliminodiacetic acid. 


able results in the treatment of manic states. Protective effects 
on urea toxicity in urine from manic-depressive patients 
injected to guinea pigs was also reported by Case*?. 

Nevertheless, uramildiacetic acid as such does not occur in 
biological systems and the conclusion to be derived from the 
result expressed in Fig. 1 is that chelating sites of liganding 
atoms (O~, N, O-, O`) are likely to exhibit increased affinity 
for lithium and, in the presence of alkaline-earth metal se- 
questering agents, this metal may compete to a greater or 
lesser extent with Mg?* and Ca?*+ for the above mentioned sites. 

As a matter of fact it is not necessary that the ligands have a 
particularly high affinity for lithium, if it is high enough to 
give appreciable complex formation. What is more important 
is that the gap of stability between the lithium and the mag- 
nesium complexes is made as small as possible while keeping 
the values of the constants above 2 log units. In Fig. 3 we 
present the values obtained for the lithium and magnesium 
complexes of o-carboxyphenyliminodiacetate (Fig. 4), which has 
a coordinating site (O~, N, O~, O`) similar to that of uramildi- 
acetic acid, although it is not such a powerful complexing 
agent}! It can be seen that for concentrations of free ATP of the 
order of 10-25 M the lithium and magnesium complexes are 
of equal ‘effective’ stability and for higher concentrations 
of ATP the lithium complex actually becomes stronger than the 
magnesium complex; lithium will then be taken up preferentially 
by this (O7, N, O-, O`) ligand, although log K^: at pH = 7 
is not sufficiently high to ensure the predominance of the com- 
plex species. 

Other similar examples can be given and although the ligands 
referred to above do not exist in vivo, it is likely that analogous 
or even more adequate coordinating sites may have developed. 
The variety of sites provided in vive for the uptake of the various 
elements and the characteristics of those for calcium and 
magnesium make this idea more than a simple guess or pre- 
diction, see, for example, concanavalin”. 

If we consider proteins as ligands, it is obvious that sites of 
the kind (O~, N, O~, O~} could have evolved, that they would 
bind Mg?*, but that this binding would be considerably affected 
by the concentration of ATP and, finally, that in this com- 
plicated situation there could be a further weakening of binding 
through the influence of added lithium. Now, while a situation 
in which (Mg*+)= 10-?M and (ATP)= 10-25M might 
be thought to be somewhat artificial in the cytoplasm of cells 
in general, just such a situation arises in the internal fluids of 
the adrenal chromaffin granule and it could occur in many 
other vesicles, for example, in the transmitter vesicles of nerve 
cells. Thus it could well be that Li+ is indeed challenging Mg?+ 
and so affecting metabolic rates as diverse as the action of 
glycolysis to the rates of many ATP-driven transfer proteins. 
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B-Endorphin as a potent 

analgesic by intravenous injection 

AN untriakontapeptide’ with significant opiate activity from 
camel pituitary glands was shown to have an amino acid 
sequence identical to the carboxyl-terminal 31 amino acids of 
8-lipotropins?*. The peptide, designated as f-endorphin, has 
recently been synthesised’, and when administered directly into 
the brain, it was found’ to be considerably more potent than 
morphine in molar basis, and its actions were blocked by 
naloxone. Other peptides related to B-lipotropins have also been 
shown to possess in vitro opiate-like activity®®. We report here 
the analgesic effects of B-endorphin when it is injected intra- 
venously. 

Male ICR mice weighing 25-30 g (Simonson Laboratories) 
were used in all the experiments. B-Endorphin was synthesised 
as described previously’. Naloxone HC! was a gift from Endo 
Laboratories and morphine sulphate was purchased from 
Mallinckrodt Chemical Works. The antinociceptive or analgesic 


Fig. 1 Antinociceptive effects following the intravenous 
injection of B-endorphin in (a) the tail-flick test and (4) hotplate 
test, and its blockage by naloxone. Mice, 6-7 per group, were 
injected intravenously with 8.2 (A), 14.5 (O), and 20.1 (©) 
mg kg~! of B-endorphin at 0 time. Naloxone HCI (G mg ke~*) 
(@) was injected subcutaneously 5 min before the intravenous 
injection of ®-endorphin. ‘Percentage’ antinociceptic effect was 
calculated?? as (T, —7,)/(T:--T}] x 100, where a control latency 
(T,) was obtained from the mean of two latencies determined 
before drug injection: test latencies (7) were determined at 
various times after injection for each animal; the cutoff times 
(Tò for the tail-flick test and hotplate test were 7 and 60 s, 
respectively. The vertical bars indicate the sem. 
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Fig. 2 Comparison of antinociceptive effects of B-endorphin 
(@) and morphine (©) in tail-flick test (a) and hotplate test (b). 
After control latency was obtained before the drug injection, 
grcups of mice, 6-10 in each, were injected intravenously with 
various doses of B-enderphin or morphine sulphate and the 
antinociceptive effect was determined 10 min after drug injection. 
The values in the figure are median antinociceptive dose (ED;o) 
in mg kg™ and the 95°% confidence limits are shown in the 
parentheses. When the ED; values are expressed on the molar 
basis, the ED,, of B-endorphin is 2.7 pmol kg~? and of morphine 
11.4 pmol kg~ in the tail-flick test. The ED,, of B-endorphin is 
3,5 pmol kg™ and of morphine 11.1 umol kg~ in the hotplate 
test. 


properties of B-endorphin and morphine were assessed by both 
the hotplate’® and the tail-flick™ methods. B-Endorphin and 
morphine sulphate were injected intravenously into the tail vein 
in a volume of 0.01 ml per g body weight. The extent of anal- 
gesia or antinociceptive response was expressed as ‘percen- 
tage antinociceptive effect’ (see ref. 12). 

With a twofold increase in latency of reaction times as a 
quantal index of inhibition, the median antinociceptive dose 
(ED,,) and 95% confidence limits were calculated according to 
the method of Litchfield and Wilcoxon’. 

B-Endorphin administered at intravenous doses of 8.2, 14.5 
and 20.1 mg kg~ produced a dose-related inhibition of both the 
tail-flick and the hotplate response of mice to nociceptive stimuli 
(Fig. 1). These effects lasted 30-60 min, depending on the dose 
used, and seemed to be shorter than the duration of B-endorphin 
when applied centrally. Pretreatment of mice with naloxone 
HCI (1 mg kg ™, subcutaneously) 5 min before the injection of 
20.1 mg kg! of B-endorphin completely eliminated the 
inhibitory effect of B-endorphin on the tail-flick and hotplate 
responses. Thus, in two tests for antinociceptive activity, 
B-endorphin injected intravenously was as effective as when it 
was administered directly into the brain. 

The percentage of mice which were analgetic after intravenous 
injection of various doses of B-endorphin and morphine, and 
their ED; values with 95 °% confidence limits are given in Fig. 2. 
The ED,» values expressed in mg kg~! of B-endorphin were 
about 2-3 times higher than that of morphine. When the potency 
was compared on a molar basis, B-endorphin was ~ 3-4 times 
more potent than morphine. We have previously shown that 
B-endorphin was ~ 18-33 times more potent than morphine 
when applied centrally’. Since the molecular weight of B- 
endorphin is ~ 10 times higher than morphine, it is likely that 
the lower potency ratio of B-endorphin to morphine when they 
are applied peripherally is due to the relatively poorer penetra- 
tion of B-endorphin into the brain. In addition, a different rate 
of degradation after peripheral administration is a possible 
factor. 

We have shown that B-endorphin can produce analgesia 
when administered intravenously and the analgesic effect can 
be eliminated by pretreatment with naloxone. This work was 
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Comparative study on analgesic 
effect of Met*-enkephalin 
and related lipotropin fragments 


Hucues et al.’ have reported the isolation and structure of 
two pentapeptides from porcine brain with opiate agonist 
activity in isolated systems. The structure of one of these 
peptides, Met*-enkephalin, is identical with the sequence of 
pituitary 8-lipotropin (8-LPH) between residues 61—65 (refs 
2-4). To prove the biological correlation of brain enke- 
phalin and pituitary 8-LPH, a series of lipotropin fragments, 
LPH-(61-69)-°, LPH-(61~—76)-* and LPH-(61-91)-peptides’™”’, 
have been isolated and shown to have opiate agonist activity 
in vitro. Only few and controversial data have been avail- 
able so far on the analgesic effect in vivo of the above or 
similar lipotropin fragments. Enkephalins have recently 
been reported to induce analgesia in vivo''’*. Our pre- 
liminary data™™, however, seemed to contradict these ob- 
servations, rather suggesting that some larger fragment(s) 
of B-LPH may have analgesic properties. We have there- 
fore compared the analgesic effects of Met'-enkephalin and 
some lipotropin fragments containing the complete struc- 
ture of Met*-enkephalin at their NH2-terminus. The results 
show that the in vivo effect is a function of the length 
of the peptide chain, Met’-enkephalin being the least and 
|_PH-(61-91)-peptide the most potent. During the prepara- 
tion of this paper we have become aware of the recent 
observation of Bradbury and coworkers ™* on a strong 
analgesic activity of LPH-(61-91)-peptide. 

Met’-enkephalin was synthesised as described previously’. 
LPH-(61-79)-peptide was obtained by plasmin cleavage of 
porcine -LPH "€. LPH-(61~—91)-peptide was isolated from 
a crude adrenocorticotropic hormone preparation by high 
voltage paper electrophoresis at pH 6.5 (ref. 9). The in 
vitro opiate agonist activity of the fragments was de- 
termined on longitudinal muscle strip of guinea pig ileum”. 
For the in vivo assay the classical tail-flick technique was 
used according to D’Amour and Smith”. The tail of male 
CFY rats was exposed to a radiant heat and the latency of 
tail withdrawal measured automatically with the accuracy 
of 0.18. The cutoff time was 15s. AH the substances 
studied were dissolved in saline and administered intra- 
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cerebroventricularly as described by Chermat and Simon’, 
in a volume of 20 ul. 

In the in vitro assay the potency order was found to be 
as follows: LPH-(61-91)-peptide=LPH-(61-65)-peptide> 
LPH-(61-69)-peptide = LPH-(61-—79)-peptide (Table 1). The 
70-90% inhibitory effect of these fragments could be re- 
versed by 100 nM naloxone. 

Using the schedule described by Belluzzi er al.” for 
measurement the analgesic effect of peptides—that is, 
measuring the latency time every 2 min for 10 min—the 
prolongation of the reaction time was moderate for all 
the materials studied, including morphine. In addition, the 
effect of enkephalin was short lasting, subsiding 6-8 min 
after application (Fig. 1a). 

This type of in vivo effect significantly differs from ‘that 
caused by either morphine or larger lipotropin fragments 
since the maximal effect of the latter compounds did not 
develop within such a short period of time. As Fig. 1b 
shows, using another time schedule—that is, controlling the 
tail withdrawal reaction for 2 h—a marked analgesic activity 
was obtained for morphine, LPH-(61-91)- and LPH-(61-79)- 
peptides, but only a moderate and transitory prolongation 
of the tail-flick reaction could be achieved by Met’- 
enkephalin. The three stronger analgesic compounds were 
characterised by a slow onset of action which reached a 
plateau at 15-30 min after. administration and lasted for 
60-120 min. Their activity could be antagonised by sub- 
cutaneously administered naloxone at a dose of 2 mg kg™, 
30 min before intracerebroventricular treatment. 

The in vitro and in vivo opiate agonist activities of Met*- 


Fig. 1 Time-response curves for the analgesic activities of 
morphine and B-LPH fragments administered intracerebroven- 
tricularly to rats. Abscissa: time elapsed before (—) and after 
intracerebroventricular administration of materials (at time 0). 
Latency time was measured either every 2 min (a) or using 
longer intervals between the measurements as indicated on the 
scale (b). (J, Morphine 33 nmol per animal (n = 20): ©, LPH- 
(61-91)-peptide 0.8 nmol per animal (n = 6); @, LPH-(61-65)- 
peptide 670 nmol per animal (n = 23); x, saline 20 pl per 
animal (n = 21) for a; and [, morphine 33 nmol per animal 
(n = 19); O, LPH-(61-91)-peptide 0.8 nmol per animal (n = 6): 
A, LPH-(61-79)-peptide 40 nmol per animal (n = 5); @, 
LPH-(61-65)-peptide 670 nmol per animal (n = 10); x, saline 
O ul per animal (n = 16) for b, respectively. 
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Table 1 Opiate agonist potencies of porcine B-LPH fragments in 
longitudinal muscle strip of guinea pig ileum 








Fragment Relative agonist Statistical 
potencies* evaluationt 
LPH-(61-65)-peptide i (n = 4 ~ 
LPH-(61-69)-peptide 0,51 -0.12 (n = 4} P< 0.05 
LPH-(61--79)-peptide§ 0.42 -0.05 (n = 7) P < 0.005 
LPH-(61-91)-peptide§ 1.374-0.16 (n = 4) NS 





*Potency ratios were calculated from ID,, values. The dose- 
response curves for the peptides were parallel. 

+The statistical comparison was based on the ID,, values, using 
the unpaired f test. 

tMean +s.e.m. values are listed; the numbers of experiments are in 
parentheses. 

Guillemin et al. and Li and Chung’ have proposed to designate 
LPH-(61-76)-, LPH-(61-77)- and LPH-(61-91)-peptides as a, y and 
B endorphins, respectively. Considering that LPH-(61~79)-peptide also 
occurs in the pituitary gland (unpublished results), and also that it is 
closely similar toy endorphin, we propose to designate it as 6 endorphin, 


enkephalin (Table 1, Fig. D) indicate that the molecule 
contains all the essential residues for the interaction with 
the opiate receptors. The relative inefficiency and short 
duration of the in vivo effect induced by Met’-enkephalin 
may be due to its rapid degradation by brain enzymes, as 
also suggested by Belluzzi er al“. The more pronounced 
and prolonged analgesic effect obtained with LPH-(61-79)- 
peptide strongly supports this view (Fig. 15). LPH-(61~-79)- 
peptide is less potent than Met*-enkephalin on longitudinal 
muscle strip of guinea pig ileum. Consequently the function 
of the COOH-terminal portion (residues 66-79) of the 
molecule in increasing the in vivo analgesic effect of the 
peptide may be the protection of the active site (residues 
61-65) against the proteolytic enzymes of the brain. A 
similar protecting role has been attributed to the COOH- 
terminal portion of adrenocorticotropic hormone (residues 
25-3977, Among the fragments studied, LPH-(61~91)- 
peptide showed the highest opiate agonist activity In vitro 
(Table 1). This finding, together with the extremely high 
in vivo analgesic effect of this fragment (at least 50 times 
higher than that of morphine), suggests that additional 
receptor binding site(s) may be present within residues 
80-91 of the molecule. 

Our in vivo results and also their explanation seem to be 
in agreement with the recent data of Bradbury ert al. on 
the in vitro receptor-binding properties of similar fragments. 

We thank Dr T. Lang for encouragement, and Drs J. 
Borsy, G. Cseh and L. Tardos for discussions. 


L. GRAF 

J. I. SZEKELY 

A. Z. RONAL 

ZSUZSA Dunat-Kovacs 
S. Barusz 


Research Institute for Pharmaceutical Chemistry, 
H-1325 Budapest, 
PO Box 82, Hungary 


Received May 29; accepted July 23, 1976, 


! Hughes, J., et al, Nature, 259, 377-579 (1975), l 
2 Li, cert Barnafi, L., Chrétien, M., and Chung, DA, Narwre, 208, 1093-1094 


(1965). = 
3 price HY Barat, E., Cseh, G., and Sajgó, M., Biochim. biophys. Acta, 229, ATEA 


4 Cseh, G., Barát, E., Patthy, A., and Grif, L., FEBS Leit., 11, 344-346 (1972. 
5 Graf, L., Rónai, A. Z., Bajusz, S., Cseh, G., and Székely, J. L, FERS Leth, 64, 
181—184 (1976), l l 
6 Guillemin, R., Ling, N., and. Burges, Ro, C. r. hebd. Sdéanc. Acad. Sei, Paris, 
D282, 783-785 (1976). 
7 Li, C. H., and Chung, D., Proc. natn, Acad. Sci. US A., 73, 1145-1148 (1976). 
8 Bradbury, A. F., Smyth, D. G., and Snell, C. R., Nature, 260, 165~167 (1978). 
9 Graf, L., Barát, E. and Patthy, A., Acta biochim. biophys, Acad. Sci. Hung, 
FE, 121-122 (1976). l i l 
10 Bradbury, A. F., Smyth, D. G., Snell, C. R., Birdsall, N. J. M., and Halme, 
E. C., Nature, 260, 793-795 (1976). 
i! Belluzzi, J. D., et al., Nature, 260, 625-626 (1976). 
12 Büscher, H. H., et al., Nature, 264, 413-425 (1976), 
13 Rónai, A. Z., Székely, J. 1., Graf, L., Dunai-Kovaes, Zs., and Bajusz, S, Life 
Sei. Gin the press). 





242 


i4 Feldberg, W. A., and Smith, D. G., J. Physiol., Lond. (in the press). 
is eer and Cseh, G., Acta biochim. biaphys. Acad. Sci. Hung., 3, 175-177 


£ A 

16 Gráf, L., and Li, C. H., Biochem. biophys. Res. Commun., 53, 1304-1309 (1973). 

17 Graf, L., Acta biochim. biophys. Acad. Sci. Hung. (in the press). 

ie Paton, W. D. M., and Vizi, E, S., Br. J. Pharmac., 35, 10-28 (1969). 

iS D Amour, F. E., and Smith, D, L., J. Pharm., 72, 74-79 (1941). 

20 Chermat, R., and Simon, P., J. Pharmac., Paris, 6, 489-492 (1975). 

21 a R., Schiller, P., Seelig, S., and Sayers, G., FEBS Lett., 19, 229-231 
{1971). 

22 Bennett, H. P. J., Bullock, G., Lowry, P. J., McMartin, C., and Peters, J., Biochem. 
J., 138, 185-194 (1974). 








Selective activation of the 
mesocortical DA system by stress 


Ir is now well established that an important system of 
dopaminergic (DA) neurones innervates various parts of 
the cerebral cortex in the rat and other species’™*. In 
contrast to noradrenergic (NA) terminals which are widely 
distributed in this structure, the DA terminals are mainly 
confined to deep layers, particularly in the frontal, the 
cingular and the entorhinal areas*’’. The results of lesion 
studies demonstrated that the terminal endings in the 
frontal cortex originate from the A10 group of DA cell 
bodies localised in the mesencephalon®*. This group also 
contains the cell bodies of the classical mesolimbic DA 
system projecting to the tuberculum olfactorium, the 
nucleus accumbens, the nucleus of the stria termi- 
nalis, and the amydgala®’. The DA terminals found in the 
cingulate and entorhinal areas of cortex may originate 
mainly from the A9 group of DA neurones". This group 
gives rise to the well known nigrostriatal DA system 
which is implicated in extrapyramidal processes. Its de- 
generation is in part responsible for some of the symptoms 
seen in Parkinsonian patients. Little is yet known about 
the functions of the mesocortical and mesolimbic DA 
pathways.  Electrocoagulation or  6-hydroxydopamine 
(6-OHDA)-induced lesions of the ventral tegmental area, 
containing the A10 group, produce a syndrome character- 
ised by “locomotor hyperactivity, serious impairment in 
tests requiring inhibition of a previously learned response, 
facilitation of approach learning and of active avoidance 
and hypoemotivity’’"'. Various workers have suggested 
that the antipsychotic effects of neuroleptics are in part 
related to the blockade of postsynaptic DA receptors 
localised in areas innervated by the mesolimbic and 
mesocortical DA systems’”’"*, It seems important to establish 
whether neurones of these two DA systems correspond to an 
homogeneous population of cells with similar functional 
characteristics. We have therefore explored this problem 
in the rat by examining the reactivity of the mesocortical 
and mesolimbic DA pathways as well as that of nigro- 
striatal DA system to stress induced by electric foot shocks. 
Our results suggest that the mesocortical DA system is 
selectively activated by this stress. 

Groups of male Charles River rats of the Sprague- 
Dawley strain, kept in a controlled environment (24 °C, 
60%, humidity, alternate cycles of 12 h light—-0700~-1900— 
and 12 h darkness 1900-0700) and receiving food and water 
ad itbitum were injected at 1400 with a-methylparatyrosine 
(200 mg kg intraperitoneally), an inhibitor of catecho- 
lamine (CA) synthesis. Some of them then received electric 
foot shocks 10min later, using a procedure previously 
described’*. Others were used as controls. All animals were 
killed 30 min after administration of the synthesis inhibitor. 
Changes in CA concentrations were estimated in the medial 
part of the frontal cortex, the nucleus accumbens and the 
tuberculum olfactorium, and in the striatum. Since the 
two first areas are relatively poor in DA or consist of 
only small amounts of tissue, they were dissected precisely 
from frozen frontal slices (500 um thick) using the micro- 
disk technique originally described by Palkovits’*. Parti- 
cular care was taken to punch out areas rich in DA fibres 
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and 3H-DA uptake sites in the medial part of the frontal 
cortex* between planes 9,800 and 12,800 um; the begin- 
ning of the striatum at 9,800 um according to the atlas of 
König and Klippel’® was used as a landmark. The nucleus 
accumbens was also punched out with a tube sharpened 
at the extremity (0.8mm diameter) from two slices 
delimited by the 9,800- and 8,800-um planes. Pooled micro- 
disks of tissues corresponding to each area were sonicated 
in 80 yu] of 0.1. N perchloric acid and 0.01 N thioglycollic 
acid solution. After centrifugation, DA and NA were iso- 
lated from the supernatant on alumina microcolumns”, and 
measured using the sensitive radioenzymatic microassay of 
Gauchy er al.. Pellets were dissolved in 0.1 N NaOH for 
protein estimations’. Since the tuberculum olfactortum 
and the striatum contain large amounts of DA, they were 
dissected at 4 °C and the amine was isolated by ion- 
exchange chromatography on Amberlite CG50 and esti- 
mated spectrofluorimetrically'’’. To compare the results 
obtained by the two procedures, in one experiment, DA 
was estimated radioenzymatically in two microdisks punched 
out in the mediolateral part of the striatum from two 
slices (500 um thick) delimited by the 8,500- and 7,500-u4m 
planes. 

Changes in the rate of disappearance of CA after syn- 
thesis inhibition provide reliable indications of modifica- 
tions in the rate of amine utilisation. The electric foot 
shock stress did not affect the rate of DA utilisation either 
in the whole striatum or in its mediolateral part, since DA 
levels were identical in control and stressed animals (Fig. 
1.) Similar observations were made in the tuberculum 
olfactorium. In the nucleus accumbens, however, which is 
another structure innervated by the mesolimbic DA 
system, the utilisation of DA was accelerated as indicated 
by the 25% decrease in DA levels in tissues from stressed 
animals when compared with those of respective controls 
(Fig. 1). The stress effect was much more striking in the 
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Fig. 1 Effect of 20-min electric foot shock stress on the utilisation 
of DA in structures innervated by the nigrostriatal or the meso- 
limbic DA pathways. DA was estimated spectrofluorimetrically 
(total striatum, tuberculum olfactorium) or radioenzymatically 
(striatal microdisks, nucleus accumbens) 30 min after the injec- 
tion of a-methylparatyrosine (200 mg kg, intraperitoneally) in 
tissues of control and stressed rats. The stress was applied 10 min 
after the injection of inhibitor. In the radioenzymatic assay, 
a-methyldopamine is measured concomitantly with DA. How- 
ever, a-methyldopamine formed from o-methylparatyrosine 
represented less than 10°% of DA levels 30 min after the inhibitor 
injection (A. Chéramy, personal communication). Numbers in 
bars represent absolute mean vaues of DA (ng per mg protein). 
Data expressed as °? of respective control values are the mean 
+ sem. of results obtained with groups of 6 rats. P < 0.02 
when compared with respective controls. DA levels in animals 
not treated with a-methylparatryrosine were for total striatum, 
striatal microdisks tuberculum olfactorium and nucleus accum- 
bens: 90.0 + 6.0 ng mg™, 75.0 + 5.0 ng mg ™, 22.3 + 2.1 
ng mg and 79.1 + 7.0 ng™ respectively. 
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Fig. 2 Effects of a 20-min electric foot shock stress on the 
utilisation of DA in the frontal cerebral cortex of normal rats and 
of animals deprived of cortical NA mnervation (NA deprived). 
Selective degeneration of ascending NA pathways was induced 
by local 6-OHDA injections 12 weeks before the stress experi- 
ment. All rats were submitted to the 20-min stress situation 10 min 
after the injection of a-methylparatyrosine (200 mg kg~! intra- 
peritoneally). DA and NA levels were estimated radioenzymati- 
cally in the frontal cerebral cortex 30 min after the inhibitor 
injection (numbers in bars represent the absolute mean values of 
NA and DA expressed as pg per mg protein). Data expressed as 
% of respective control values are the mean + s.e.m. of results 
obtained with groups of six rats. In rats deprived of noradren- 
ergic innervation, cortical NA levels were less than 10°% those of 
controls. P < 0.001. Cortical DA and NA levels in normal rats 
not treated with a-methylparatyrosine were 720 -+ 30 pg mg 
and 950 -+- 100 pg mg. 


frontal cerebral cortex, in which a 60% reduction in DA 
levels was observed in animals submitted to electric foot 
shocks (Fig. 2). The short period of stress did not affect 
the rate of NA utilisation in this structure. 

The effect of stress on the mesocortical DA neurones 
was further studied in rats deprived of a NA innervation 
to the cerebral cortex. For this complementary experiment, 
the ascending NA systems were destroyed by a local micro- 
injection of 6-OHDA (2ug in Il of isotonic saline 
solution) made laterally to the pedunculus cerebellaris 
superior’, 12 weeks before the stress experiment. Two 
groups of rats were injected as before with a- 
methylparatyrosine and one of them was exposed to the 
stress situation. As indicated in Fig. 2, the rate of DA 
utilisation was accelerated in the stressed rats in a similar 
manner to that observed in unlesioned animals. As ex- 
pected, NA could no longer be detected in the frontal 
cerebral cortex of the lesioned rats. It thus seemed that the 
stress-induced activation of the mesocortical DA neurones 
was unrelated to the ascending NA systems. 

In previous studies’, we reported that an electric foot 
sheck stress of long duration accelerated both the utilisa- 
tion and the turnover of NA in various structures of the 
brain; the effect being particularly striking in the brainstem. 
We assumed that these changes in NA metabolism were 
related to modifications in neuronal activity. The stress of 
long duration (180 min) did not influence DA utilisation in 
striatal DA terminals". It is thus not surpising that the 20- 
min stress used in the present study did not modify the 
activity of the nigrostriatal DA neurones. In fact, other 
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stress situations such as exposure to noise or photic stimuli, 
intense muscular exercises, or exposure to cold, were found 
to have no effects on DA metabolism in the striatum. In 
the present study, it was interesting to note that two 
structures belonging to the mesolimbic DA system did not 
react similarly to the 20-min stress situation. Indeed DA 
utilisation was accelerated significantly in the nucleus 
accumbens but not in the tuberculum olfactorium. This 
demonstrates that the various DA neurones of the meso- 
limbic system do not behave similarly. We have already 
indicated that the DA terminals localised in the medial 
part of the frontal cortex also originate from the A10 group 
of DA cell bodies. The dramatic effect of electric foot 
shocks on the activity of these mesocortical neurones 
further revealed the heterogeneity of the A10 group. The 
very pronounced and selective acceleration of DA utilisa- 
tion in these neurones indicates that the mesolimbic and 
mesocortical DA systems can be distinguished not only on 
anatomical grounds but also from a functional point of 
view. From these results, it is doubtful that the DA termi- 
nals present in the various limbic structures and in the 
frontal cortex originate from the same DA cell bodies. 
Recent results on the effects of chronic neuroleptic treat- 
ments on the synthesis of DA in structures innervated by 
the mesolimbic and mesocortical DA pathways support the 
above statements”. Indeed, the time curves of the effect of 
neuroleptics on DA synthesis in the frontal cerebral cortex 
and in the tuberculum olfactorium+nucleus accumbens 
were different. 

In an earlier study, Bliss and Ailion® observed an 
increase in the content of homovanillic acid (a major DA 
metabolite) in the whole brains of rats or mice submitted 
to severely stressful experiments. They suggested that DA 
neurones could be involved in the cerebral circuit of 
emotionality. In this context, the high and selective sensi- 
tivity of the mesocortical DA neurones to electric foot 
shock stress revealed in our study is of particular interest. 
This DA system originates from the “limbic midbrain 
area” and projects to the frontal cerebral cortex, con- 
nected directly and indirectly to the limbic structures. It 
may be that this mesocortical DA pathway has a critical 
role in the regulation of emotional states. 

This work was supported by grants from the Institut 
National de la Recherche Médicale and the Société des 
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Lesion of striatal neurones 
with kainic acid provides 
a model for Huntington’s chorea 


THE symptoms of Huntington’s chorea, an hereditary move- 
ment disorder, result from degeneration of neurones 
primarily in the basal ganglia’. Several neurochemical 
abnormalities have been identified in the brains of patients 
dying with this disorder’, but no animal system with 
similar neuropathological changes has been described. We 
now report that the injection of kainic acid into the rat 
Striatum causes neuronal degeneration, neurochemical 
alterations and behavioural responses resembling Hunting- 
ton’s chorea. This procedure could provide an animal model 
for the study of the disease. 

Systemic administration of monosodium glutamate to 
immature mice causes degeneration of certain neurones of 
retina’ and brain’. In brain, neurones with cell bodies in the 
arcuate nucleus, which selectively accumulates glutamate’, 
degenerate whereas axons passing through or terminating 
in the region are unaffected’. The neurotoxic effects of 
glutamate may be due to its ability to depolarise neurones, 
for the neurotoxicity of several dicarboxylic and sulphur- 
containing amino acids structurally related to glutamate 
correlates with their neuroexcitatory action’’. In addition, 
neuronal sensitivity to depolarisation by glutamate is limited 
to dendrites and soma while axons are unresponsive". 
Systemic administration of kainic acid, a rigid analogue of 
glutamate with potent neuroexcitatory effects’, causes 
degeneration of central nervous system (CNS) neurones in 
adult mice; but the attendant high incidence of seizures 
anc death has limited its experimental use’. Intracerebral 
application of excitatory amino acids, however, induces 
localised neuronal degeneration with neuropathological 
characteristics similar to that resulting from peripheral 
administration’, 

As the sensitivity of neurones to the toxic effects of 
neuroexcitatory amino acids may be limited to soma and 
dendrites, it seemed that an intracerebral injection of kainic 
acid might cause degeneration of neurones with cell bodies 
near the injection site, but spare axons terminating in or 
passing through the area. We have tested the striatum 
because of its defined neuroanatomy and neurochemistry; 
it receives a dense innervation from dopaminergic neurones 
with cell bodies localised in the substantial nigra whereas 
the striatum itself is populated primarily by small neurones 
of which cholinergic and GABAergic (gamma aminobutyric 
acid) neurones are a major component, Accordingly, we 
have examined the effects of a stereotaxic infusion of kainic 
acid into the striatum on the neurochemical markers for 
the intrinsic cholinergic and GABAergic neurones and the 
dopaminergic terminals in the region. 

After anaesthesia with Equi-Thesin (0.6ml; Jenson- 
Saksbury Labs), Sprague-Dawley rats (1602) were posi- 
tioned in a David Kopf small animal stereotaxic apparatus; 
and a 0.3-mm Hamilton cannula was inserted into the 
striatum through a burr hole in the calvarium (coordinates: 
7.9 A; 2.6L: 4.8 V} Drugs dissolved in Ixl of artificial 
cerebrospinal fluid (CSF) (titrated to pH 7.4) were infused 
over I min; the cannula was then removed and the scalp 
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Fig. 1 The activities of tyrosine hydroxylase? (open bar), 
choline acetyltransferase?! (solid bar) and glutamic acid 
decarboxyiase* (striped bar) in the striatum were assayed 48 h 
after unilateral injection of various amounts of kainic acid (Ka) 
or a-methylaspartate (a-M-Asp). Results are presented in terms 
of percentage of the specific activity of the contralateral striatum 
with s.e.m. indicated. N = 5.*P < 0.001. tP < 0.05. 


was apposed with sutures. At various times after treatment, 
the rats were killed; and the striata were dissected accord- 
ing to the method of Glowinski and Iversen”, 

In initial experiments, the effects of infusion of various 
amounts of kainic acid (0.1-10 ug) on the neurotransmitter- 
synthesising enzymes in the striatum were examined 48h 
after injection (Fig. 1). With the injection of 0.5 ug, there 
was a 20% reduction in the activities of glutamic acid 
decarboxylase (GAD) and choline acetyltransferase (CAT). 
With increasing doses, there was a progressive reduction in 
the activities of GAD and CAT whereas the activity of 
tyrosine hydroxylase (TH) exhibited a dose-dependent in- 
crease. Two days after injection of 2 wg of kainic acid, the 
activities of GAD and CAT were reduced 80% whereas the 
activity of TH was increased 80%. Doses in excess of 5 ug 
of kainic acid did not further alter enzyme activities in the 
striatum but were associated with a high rate of mortality. 
These changes in enzyme activity were not caused by the 
injection procedure, for the infusion of 10 ug of a-methyl- 
aspartate, an analogue of glutamate without neuroexcitatory 
activity", and did not alter significantly the activities of 
these enzymes. In contrast to the effects of kainic acid, the 
infusion of copper sulphate (25 ug), a nonspecific toxic 
agent’, caused a similar 60-65% reduction in the activities 
of TH as well as GAD and CAT. 

It is possible that the 80% decrease in the activities of 
CAT and GAD and 80% increase in the activity of TH 
after injection of 2 ug of kainic acid reflected merely a 
transient neurochemical adaptation to excessive stimulation 
of glutamate receptors. To obtain further information, we 
examined several neurochemical markers for the cho- 
linergic, GABAergic and dopaminergic neurones 10d after 
infusion of 2.5 ug of kainic acid (Table 1). The injection 
elicited a 60-70% decrement in the activity of GAD, the 
levels of endogenous GABA, the activity of the synap- 
tosomal high affinity uptake process for GABA. Similarly, 
the activity of CAT, the levels of endogenous acetylcholine 
and the activity of the synaptosomal uptake process for 
choline were reduced 60-70%. In contrast, the activity of 
TH was 50% above control; the levels of endogenous 
depamine and the activity of the synaptosomal uptake pro- 
cess for dopamine were not significantly affected by the 
injection. In addition, the wet weight of the striatum and 
protein content were not changed by the treatment. 


a7 
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Table 1 Effects of kainic acid on neurochemical parameters of the striatum 10 d after injection 


Injected Control A 

GABAergic neurones 

Glutamic acid decarboxylase nmol mg h~ 4.13+0.8 12.9+0.9 —68* 

GABA nmol mg 0.72 +-0.15 2.16+0.17 —67* 

GABA uptake pmol per mg per 4 min 7.141.2 16.5+-1.3 57* 
Cholinergic neurones 

Choline acetyltransferase nmol mg h~ 6.0+1 20 +1 —70* 

Acetylcholine pmol mg™ 20+4 68 +4 —71* 

Choline uptake pmol per mg per 4 min 0.05 +0.01 0.12 +0.01 -60* 
Dopaminergic neurones 

Tyrosine hydroxylase pmol mg~ hr-* 340 +25 232+-21 +47* 

Dopamine pmol mg~ 52+4 60 +4 —13 

Dopamine uptake pmol per mg per 4 min 3.1+-0.3 2.4+4-0.3 +29 
Wet weight mg 48 +2 49 +2 —2 
Protein ug per mg tissue 165+9 173 +7 —5 
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Kainic acid (2.5 ug) was injected into the striatum 10 d before killing the rats. The activities of tyrosine hydroxylase**, choline acetyltrans- 
ferase**, and glutamic acid decarboxylase*® and the levels of GABA“, acetylcholine”, dopamine** and protein®® were assayed. The uptake of 
labelled GABA™, choline*, and dopamine** was measured in washed P, fractions prepared from striatum, The contralateral uninjected striatum 


served as control N = 6-12. 
+P < 0.001. 


Some of the GABAergic neurones with cell bodies in the 
striatum provide an inhibitory pathway innervating the 
dopaminergic cell bodies in the substantia nigra’*’*’. In rats 
receiving a unilateral infusion of 2.5 ug of kainic acid in 
the striatum 1 week before death, the levels of endogenous 
GABA were reduced 67+3% (N=5; P<0.001) in the 
ipsilateral substantia nigra. In contrast, the activity of 
tyrosine hydroxylase was not significantly altered in the 
substantia nigra on the injected side. Thus, the striatonigral 
GABAergic pathway seems to be affected selectively by the 
striatal injection of kainic acid. 

Although these marked neurochemical alterations 10d 
after injection of kainic acid suggest specific degeneration 
of cholinergic and GABAergic neurones intrinsic to the 
striatum, histological evidence is required. Therefore histo- 
logical sections stained with cresyl violet were prepared 
from whole forebrain at the level of the striatum of animals 


Fig. 2 Micrographs of rat striatum showing the loss of neurones 
on the side injected with 2.5 ug of kainic acid (b) compared with 
the contralateral side (a) as control. Ten days after injection, the 
animals were killed by aortic perfusion with buffered formalde- 
hyde. Sections (30 um) were stained with cresyl violet. Neuronal 
perikarya are markedly reduced in number on the injected side 
which also shows marked gliosis. The lighter areas, which are 
bundles of internal capsule fibres, are unaffected by the treatment. 
The bar represents 100 um. 





injected unilaterally with 2.5 ug of kainic acid 10d before 
death (Fig. 2). Around the site of injection there was 
generalised loss of approximately 95% of neuronal peri 
karya in a radius of 1.5mm, with a gradation in loss with 
increasing distance. Thus, the lesion involved nearly the 
entire head of the caudate putamen but did not affect the 
tail of the caudate or the globus pallidus (our work in pre- 
paration). Although the needle track was visible, there was 
no evidence of inflammatory changes or necrosis at the 
injection sites, but there was a generalised increase in the 
number and prominence of glia. The overall structure of 
the striatum containing the bundles of internal capsule 
fibres seemed to be unchanged except for the loss of 
neurones. 

The striking behaviour of animals treated with a uni- 
lateral injection of kainic acid in the striatum demonstrates 
the physiological significance of the lesion. For up to 24h 
after injection, the rats exhibited marked rotatory behaviour 
away from the side of the injection, which would be con- 
sistent with the neuroexcitatory effects of the drug in the 
striatum". Two days after injection, however, they reversed 
the direction of rotation towards the side of the injection. 
The ipsilateral rotatory behaviour, which persisted up to 
10d after injection, is similar to that produced by lesions 
in the dopaminergic nigrostriatal pathway’. Thus, the lesion 
caused by kainic acid in striatal neurones, which are pre- 
sumably postsynaptic to the dopaminergic terminals”, 
results in a behaviour similar to that induced by ablation 
of the dopaminergic innervation to the striatum. 

The striatal lesions produced by kainic acid have par- 
ticular relevance to Huntington’s chorea because the major 
site of neuropathological change in this disorder is the 
striatum, where a marked loss of intrinsic neurones and 
gliosis occurs’. There are considerable decreases in the 
neurochemical markers for the cholinergic and GABAergic 
neurones in the striatum whereas the dopaminergic innerva- 
tion to the region is relatively unaffected; in addition, there 
is a selective reduction in the activity of GAD and levels 
of GABA in the substantia nigra™*. The neurochemical, 
histological and behavioural changes resulting from striatal 
infusion with kainic acid are remarkably similar to those 
observed in Huntington’s chorea. Thus, lesions of the rat 
striatum produced with kainic acid may provide a useful 
animal model for Huntington’s chorea, in which the bio- 
chemical, electrophysiological and pharmacological sequelae 
of the loss of striatal cholinergic and GABAergic neurones 
can be examined. 
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Evidence for a role of 


central serotonergic neurones in 
digitalis-induced cardiac arrhythmias 

Evipence indicates that digitalis drugs administered 
intravenously increase central sympathetic outflow and that 
this in turn results in cardiac arrhythmias™™“. The central 
nervous system transmitter(s) that mediates this effect is 
not known. According to Saito er al., noradrenaline, the 
primary transmitter studied so far, is not involved in the 
case of guinea pigs’. 5-Hydroxytryptamine (5-HT) however, 
may be an important chemical mediator regulating central 
sympathetic outflow’’’, and it is involved in the respiratory 
arrest induced in rats by intravenous administration of 
digitoxigenin"’. We now report evidence that suggests that 
brain 5-HT is involved in digitalis-induced cardiac 
arrhythmias. 

Cats (1.6-3.6 kg) were anaesthetised with alpha chloralose 
(70-80 mg kg™ intravenously) and artificially ventilated 
with room air. The femoral artery and vein were catheter- 
ised for recording blood pressure and administering drugs, 
respectively. Rectal temperature was maintained between 
36° and 38 °C by warming the cat with radiant heat. The 
electrocardiogram and the arterial blood pressure were 
recorded. The digitalis preparation, deslanoside, was 
administered by a continuous intravenous infusion of 
2 gkg min™. Doses necessary to produce the following 
endpoints were obtained: ventricular arrhythmia, ventricular 
tachycardia and ventricular fibrillation, The role of brain 
5-HT in the arrhythmogenic effects of deslanoside was 
assessed by determining: (1) the effect of pretreatment with 
p-chlorophenylalanine (PCPA) on the doses of deslanoside 
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needed to produce ventricular arrhythmias (PCPA was 
administered as 300 mg kg intraperitoneally each day for 
3d before the animals were intoxicated with deslanoside); 
(2) the effect of 5,7-dihydroxytryptamine (5,7-DHT) on the 
doses of deslanoside needed to produce ventricular 
arrhythmias (5,7-DHT was administered as a single dose of 
either 100 ug kg™' to three cats, or 200 ng kg” to two cats, 
into the anterior horn of the left lateral ventricle 8 d before 
intoxication with deslanoside), and (3) the effect of 
methysergide as both pretreatment (3 mg kg™* intravenously, 
10min before deslanoside infusion and repeated 45 and 
85 min after deslanoside infusion started) and as a treat- 
ment (3 mg kg™' intravenously, 1-6 min after a ventricular 
arrhythmia had been evoked by deslanoside). 

To assess the extent and selectivity of the depletion of 
brain 5-HT by PCPA and 5,7-DHT, the brains of cats intoxi- 
cated with deslanoside were removed immediately after the 
onset of ventricular fibrillation. The brains were placed on 
ice and the medulla—pons, hypothalamus and superior and 
inferior colliculi were dissected out, frozen on dry ice and 
stored at —20 °C until assayed (up to 3 weeks). Biogenic 
amines, 5-HT and noradrenaline were assayed by a 
modification of the procedures of Chang et al.™ and Maickel 
et al., as described in detail by Zenker et al.™. Results are 
expressed as the mean ug of amine per g of tissue +s.e.m. 


Fig.1 Effect of methysergide on deslanoside-induced ventricular 
arrhythmia. a, rdiogram (ECG) and arterial blood 
pressure (BP) tracings before intoxication with deslanoside. 
b, Effects of a cumulative dose of deslanoside (200 ug kg~') on 
ECG and BP just before the development of a ventricular 
arrhythmia. c, Deslanoside-induced ventricular arrhythmia. 
d, ECG and BP tracings 2.5 min after 3 methysefgide (3 mg kg ~?) 
was administered. 
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Table 1 Effect of p-chlorophenylalanine, 5,7-DHT and methysergide pretreatment on the capacity of deslanoside to produce 
| ventricular arrhythmias 


ram rar arnt a Ae Hire Mi a et EP A ARAMA AAC OE RRS CARPE OLA EEO 


Heart rate and blood pressure 


before deslanoside infusion (ug ke) 
No 
Group in Heart rate Mean Ventricular Ventricular Ventricular 

each (beats per min) blood pressure arrhythmia tachycardia fibrillation 

group (mmHg) 
Control 21 193 +5.8 136+-7.3 165-+8.5 178 48.5 2124113 
p-Chlorophenylalanine pretreatment T 186+9.8 132+7.8 238-+22.8* 246 +-22.7* 277 +: 18.6" 
5,7-Dihydroxytryptamine pretreatment 5 190 -+-6.4 123416.4 219+ 10.6* 223 -+- 10.44 258 + 15.1 
Methysergide pretreatment 5 131+12.3* 96 +-7.7* 232 -+29.0* 249 4-27, 5* 317 +35.4* 


Controls were 12 animals given deslanoside only, three given saline intraperitoneally for 3d and then intoxicated with deslanoside (to 
control for p-chlorophenylalanine injections), and six given saline into the anterior horn of the left lateral ventricle and 8d iater intoxi- 
cated with deslanoside (to control for the 5,7-DHT injection). Values between the three control groups were not significantly diferent so the 
data were pocled. 

*P < 0.05 when data are compared with corresponding control data. 








of triplicate determinations. Using a Farrand Fluorescent 
MK-1 spectrophotofluorometer, the fluorescent intensity of 
the biogenic amines was determined in 1-cm quartz cells. 
The pretreatment studies (Table 1) showed that animals 
given any one of the three agents that interfere with brain 
5-HT function required a significantly larger dose of 
deslanoside to produce ventricular arrhythmias. PCPA and 
5,7-DHT inhibit tryptophan hydroxylase and destroy central 
serotonergic nerves, respectively; animals pretreated with 
these drugs exhibited a significant decrease in the 5-HT 
content in all brain regions analysed (Table 2). Depletion 


Taken together, these results suggest that central sero- 
tonergic neural systems are involved in the central arrhyth- 
mogenic effect of digitalis. Central serotonergic neural 
systems have been demonstrated by some investigators to 
have an important influence on central sympathetic out- 
flow’*'. For example, Wing and Chalmers’ reported that 
intracisternal administration of 5,6-DHT prevents the in- 
creases in arterial blood pressure and heart rate produced 
by sinoaortic denervation in unanaesthetised rabbits. This 
suggests that activity in central serotonergic nerves increases 
central sympathetic outflow. Wing and Chalmers did not 





Table 2 Effect of p-chlorophenylalanine and 5,7-DHT on 5-HT and noradrenaline content of selected brain regions 








ALAA RA AEN AEE Re Deen ete ane eee eee aren eect 


Brain region 


No. Medulla—pons Hypothalamus Colliculi 
Group in 
each 5-HT Noradrenaline 5-HT Noradrenaline SHT Noradrenaline 
group (ug g`) (ug 871) (ug g~) (ug g~*) (ug g7*) (ug g) 
Controls (no drug) 6 0.73 +0.03 0.91 -+-0.05 1.53 +0.04 1.30-0.04 0.87 40.03 0.28 +0,02 
Animals intoxicated with deslanoside 6 0.75 +0.03 0.85 +-0.04 1.53 +0.04 1.20+-0.04 0.86 +-0.03 0.31+0.03 
Animals pretreated with p-chlorophenyl- 
alanine and intoxicated with deslanoside 3 0.28 +0.04* 0.87 +0.03 0.22+0.02* 1.32+-0.04 0.06+40.02* 0.29+0.03 
Animals pretreated with 5,7-DHT and 
intoxicated with deslanoside 5 0.51 +0.05* 0.86 +-0.05 0.83+0.16*  1.39-+0.05 0.43 40.11% 0.294003 


TTA Nee Te TETANUS HTH TCO HTT TET PaO AA hPa ahr eter ree vn herr dE A ANANASA nt EADARRA KAREENA 
*P < 0.05 when data are compared with either the control group or the animals intoxicated with deslanoside. 


of 5-HT content with these drugs seemed to be selective, as 
no significant changes in noradrenaline were observed. 

Deslanoside had no significant effect on brain 5-HT 
levels (Table 2). This was not unexpected, for treatments 
that enhance central serotonergic neural activity do not 
alter 5-HT levels although they increase turnover". 

We tested methysergide for antiarrhythmic effects 
because this drug rapidly antagonises 5-HT receptors after 
intravenous administration’. It was administered intra- 
venously (as a bolus of 3 mg kg™') to three control cats with 
a sustained ventricular tachycardia induced by deslanoside. 
In each cat, methysergide converted the existing ventricular 
arrhythmias to sinus rhythm (Fig. 1). 

Pretreatment with PCPA and 5,7-DHT had no significant 
effect on baseline heart rate arid arterial pressure. Pretreat- 
ment with methysergide resulted in a significant reduction 
in both heart rate and arterial pressure (Table 1). . 

We have also found’ that doses of deslanoside that pro- 
duce lethal ventricular arrhythmias significantly increase 
5-hyrdoxyindoleacetic acid tissue concentration and 
tryptophan hydroxylase activity in the hypothalamus, 
amygdala and colliculi. This indicates that deslanoside pro- 
duces biochemical changes in the central serotonergic 
system that are consistent with the drug activating seroto- 
nergic neurones’. We have also found" that electrical 
stimulation of midbrain raphe areas causes similar kinds of 
arrhythmias and biochemical changes (changes in 5-hydroxy- 
indoleacetic acid and tryptophan hydroxylase activity). as 
does deslanoside. 


observe drastic changes in baseline heart rate or arterial 
pressure with 5,6-DHT, indicating that normal sympathetic 
outflow may not be greatly affected by depleting brain 
5-HT. In the study reported here, no significant changes in 
these baseline cardiovascular parameters were observed with 
either 5,7-DHT or PCPA. Thus interference with central 
5-HT synthesis or selective degeneration of central 5-HT 
nerve endings may prevent noxious influences (digitalis over- 
dose or sinoaortic denervation) from deranging central 
sympathetic outflow without disrupting normal tonic central 
sympathetic activity. 
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Absolute sensitivity of rod 
bipolar cells in a dark-adapted retina 


THE visual system of vertebrates mediated by rods is capable of 
detecting a few quanta of lightt?. The work reported here is 
concerned with the voltage response to flashes of light in 
individual bipolar cells, to which the rods send their signals 
and which, in turn, signal to amacrine and ganglion cells. We 
measured the absolute sensitivity of rod bipolar cells in the 
dogfish retina. The photoisomerisation of a single rhodopsin 
chromophore in only one rod out of 100 leads to a response of 
1 mV in the bipolar cell. 

Intracellular recordings were made in the eyecup preparation 
of the dogfish, Scyliorhinus canicula, dissected in dim red light 
from animals dark-adapted for at least 3h. This species has 
visual receptors which are almost exclusively rods, containing 
a photopigment? with maximum absorbance at 500 nm. 
The light source was a tungsten—iodine lamp operated from a 
stabilised d.c. supply and filtered by a bandpass interference 
filter with peak transmission at 495 nm. The irradiance of the 
source through the bandpass and heat-absorbing filters was 
calibrated with a radiometer (Tektronix J16/J6502 radiance 
probe), and checked by a photomultiplier in single-photon 
counting mode. Dark adaptation was maintained by using dim 
test flashes to locate bipolar cells. Cells were penetrated in the 
region of retina backed by the tapetum lucidum. The responses 
reported here were obtained with full-field illumination. 

The identification of the cells as bipolar cells is based on 
criteria of depth, waveform and receptive field. The cells were 


Fig. 1 Responses of a bipolar cell in the dark-adapted retina 
of the dogfish Scyliorhinus canicula to 18-ms flashes of light of 
varying intensity. An increase of internal potential (depolarisa- 
tion) is indicated by an upward deflection. The timing of the 
flash is shown beneath the superimposed traces. The numbers 
near each trace represent the number of photons pm? at 
495 nm delivered by the flash. The internal potential of the cell 
in the dark was —40 mV. 
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Fig, 2 The relationship between light intensity and peak of the 

response for the bipolar cell shown in Fig. 1. Note that the scale 

for light intensity is logarithmic. The three points shown at the 

lowest light levels were obtained by signal averaging, each point 
being the average of etght responses. 


impaled at depths of 70-100 um from the vitreal surface of the 
retina, often in close proximity to a horizontal cell. The response 
to light flashes (Fig. 1) consists of a depolarisation graded with 
the light intensity, with a maximum response of up to 30 mV. 
The response characterised by a phasic peak, which declines 
to a plateau, is evoked at higher light intensities. This is the 
response described by Kaneko for bipolar cells, identified by 
staining with Procion dyes in the retina of the related species, 
Mustelis canis’. As in bipolar cells in other retinae, there is an 
‘off’ response which follows the cessation of a long, near- 
saturating pulse of light®. The receptive field for the centre 
response of these cells is less than 500 um and in some cells 
less than 200 um. An antagonistic effect produced by illumina- 
tion of the surround is often used to identify bipolar cells; the 
cells reported here, however, have only a weak centre-surround 
organisation. There are reasons to suppose that dark adaptation 
diminishes the effect of the surround®. 

To analyse the sensitivity of the cells, the responses to brief 
flashes of light were recorded at low light levels in the region 
over which the response was proportional to intensity, as well 
as at higher light levels. The small signals evoked by dim lights 
were averaged by means of a computer. Figure 2 shows the 
intensity—response curve for the cell whose responses were 
illustrated in Fig. 1. The line of Fig. 2 fitted to the experimental 
points is of the form 


(1) 


a hyperbolic relationship between the response, V, and the 
light intensity, 7. For this cell Faas = 17.5 mV and the half- 
saturating intensity, Jı = 0.06 photons m~? per flash. The 
absolute sensitivity of the cell? was determined as the ratio of 
response to intensity of light, within the range over which 
the response was proportional to light intensity. The flash 
sensitivity for this cell was 310 mV photon! um?. The results 
for other bipolar cells are given in Table 1. There was consider- 
able variation in sensitivity and J,,. values among cells, but 
the flash sensitivity consistently exceeded 100 mV photon 
um?, provided that Vaas was greater than 8 mV. 

To convert these figures to the voltage response that would 
be produced by the photoisomerisation of a single rhodopsin 
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Table 1 Flash sensitivity of rod bipolar cells and the semi-saturation value of light intensity, Jija 





Vinax Flash sensitivity 
(mV) : (mV photon pm) 
17.5 + 310 
23.8 330 
21.8 200 
141 373 
13.8 137 

5.5 170 

8.1 476 

9.3 228 
18.5 323 
Mean 283 


(mV rod per isomerisation) 


Lars 
(isomerisation per rod) 


103 0.18 
110 0.42 
67 0.33 
124 0.55 
46 1.20 
57 0.63 
159 0.18 
76 0.55 
108 0.19 
95 0.47 





For some cells, the slope of the intensity~response. curve near Jy; was significantly less steep than would be indicated by equation { 1). The 
extent of the deviation may be gauged by comparing the flash sensitivity derived from the response to dim flashes with the value Vax] fy. The 
internal potential of the cells in the dark ranged between —40 and —-62 mV. 


chromophore in each rod, an estimate of the photoisomerisation 
cross section (also called the effective collecting area’) is 
required. The geometric cross section of Scyliorhinus rod 
outer segments suspended in vitreal fluid is 7.1 um? and their 
length is 28 um. On the assumption of a specific axial density® 
for rhodopsin of 0.014 m7, a quantum efficiency for photo- 
isomerisation of 0.67 (ref. 9), a reflectivity of the tapetum of 
90° (ref. 3) and the further assumption that all the incident 
light passes into the outer segments, the photoisomerisation 
cross section would be 3.7 um?. This figure takes no account 
of the fact that some of the light will pass between photo- 
receptors as well as being scattered by other retinal layers. We 
therefore tentatively assign a value of 3 pm? for the photo- 
isomerisation cross section. This value has been used to derive 
the flash sensitivities of the rod bipolar cells (given as the 
response in mV per photoisomerisation in each rod) and to 
estimate the number of photoisomerisations per rod necessary 
for half saturation of the response of a bipolar cell. On average, 
the response is half-saturated when one rhodopsin chromophore 
is isomerised in just one out of two rods and there is a response 
of ~ 1 mV in the bipolar cell when there has been one photo- 
isomerisation in one out of 100 rods (Table 1). 

Because of their small size, it has not been possible to deter- 
mine the flash sensitivity of dogfish rods. The highest values 
reported for flash sensitivities of uniformly illuminated rods 
were obtained by Fain’ in Bufo marinus (0.68 mV per photo- 
isomerisation) and by Copenhagen and Owen” in the snapping 
turtle (0.72 mV per photoisomerisation). There is no reason to 
suppose that the rods of dogfish are unusually sensitive. Mea- 
surement of the externally recorded receptor potential of the 
electroretinogram yields a value for the number of photoisomeri- 
sations for half saturation similar to that reported for other 
vertebrate rods!°-14_ It is possible that the isomerisation of a 
chromophore in a dogfish rod may lead to a somewhat larger 
voltage change than has been observed in rods of larger dia- 
meter. If photoisomerisation produces the same underlying 
membrane conductance change in all rods, the voltage change 
produced would then depend on the dimensions of the cell, 
varying approximately as 1/diameter if the rod were regarded 
as a short cable. On this basis, the flash sensitivity for dogfish 
rods might be about 2 mV per photoisomerisation. If rods are 
electrically coupled!" 15, then at low light levels when only a 
few rods absorb a photon, the voltage response in any one rod 
will be only a small fraction of what would be obtained in an 
electrically independent rod. 

These measurements allow some deductions about signal 
transmission between rods and bipolar cells to be made. The 
dynamic voltage gain in signal transmission is the ratio of the 
flash sensitivity of the bipolar cell to that of the rods; in this 
case, yielding a gain of about 50. Schwartz'® also concluded 
that there was a large increase in signal amplitude in trans- 
mission from cones to bipolar cells in the turtle retina. A 
dynamic voltage gain of 50 can be compared with a value of 


about 3, applicable to a number of conventional chemical 
synapses”. In both cases, it must be assumed that the post- 
synaptic cell linearly sums the transmitter-modulated conduct 
ance increments contributed by all the presynaptic cells which 
converge on it. The maximum dynamic gain can be specified 
in terms of the fractional contribution of transmitter-modulated 
conductance to the total conductance of the postsynaptic cell 
(and, therefore, does not depend explicitly on peti aimee 


remains to be explained. 
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Identification of actin-binding protein 

in membrane of polymorphonuclear leukocytes 
A NEw protein with a high molecular weight and found. in 
rabbit alveolar macrophages', causes actin filaments in 
sucrose solutions to form a solid ge] when warmed to room 
temperature. With transmission electron microscopy, the 
actin filaments were observed to be bound into branching 
interconnecting bundles’. The new protein was called 
actin-binding protein (ABP). Similar consistency changes, 
which are due to gelation of actin associated with other pro- 
teins, have been observed in sucrose extracts of Acanthis 
moeba and glycerol extracts of sea urchin eggs**. ABP was 
subsequently isolated from extracts of chronic myelogenous 
leukaemia (CML) leukocytes’. The CML leukocyte ABP 
had identical properties to the analogous protein isolated 
from the rabbit alveolar macrophage. The CML leukocyte 
ABP in the presence of actin produced a gel that s ruc. 
turally resembled the hyaline ectoplasm of a pseudopod. 
Since particle contact with the phagocytic membrane leads 
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to generation of a pseudopod, it seemed reasonable that 
ABP might be associated with the membrane. Using an 
antibody directed against CML leukocyte ABP coupled 
with indirect immunological stains, we were able to localise 
ABP to the cytoplasmic surface of the membrane of normal 
polymorphonuclear leukocytes. 

We prepared’ rabbit IgG against purified CML leukocyte 
ABP (Fig. 1). The antibody activity was eliminated by 
absorption with either purified ABP or intact normal poly- 
morphonuclear (PMN) leukocytes. Furthermore, no cross 
reactivity was demonstrated in an Ochterlony plate with 
two different preparations of myosin antiserum. We had 
noted previously that ABP antibody inhibited the gelation 
of CML leukocyte extracts as well as of purified leukocyte 
actin filaments in the presence of ABP’. 

In rabbit alveolar macrophages, contact of an ingestible 
particle with the cell surface generates more extractable 
ABP’. These findings suggest that ABP might be associated 
with the plasma membrane of phagocytes. To verify 
whether human leukocyte ABP is found in PMN leuko- 
cyte membranes, we prepared phagolysosomes after allow- 
ing the cells to phagocytose opsonised lipopolysaccharide- 
coated paraffin oil droplets’. The phagolysosome forms by 
fusion of lysosomal granule membranes with inverted 
sections of the plasma membrane. These ‘inside-out’ mem- 
brane preparations were exposed to purified anti-ABP IgG 
or normal rabbit IgG and then treated with goat anti-rabbit 
IgG (y chain) conjugated with fluorescein isothiocyanate 
(FITC; Hyland Laboratory, Costa Mesa, California). Dif- 
fuse membrane fluorescence was observed with the anti- 
ABP IgG (Fig. 2). Since the plasma membrane Fe receptors 
were hidden inside these phagolysosomes, there was no 
observable fluorescence with normal rabbit IgG. Staining 
was also eliminated from ABP antibodies by absorbing the 
antibody with purified ABP or intact PMN leukocytes. Fig. 2 Phagocytic vesicles were incubated with ABP IgG for 

The nonspecific fluorescence of intact cells prevented us 20 min at 25 “C. The vesicles were baer we Hees a pati 
from using the same technique to identify ABP on their eG ty a for 20 A tomar thes 
plasma membranes. For this study, we used an immuno- were washed again. The resulting phagocytic vesicle was observed 


peroxidase stain’ which eliminated the problem. Peripheral after settling on to a glass coverslip using a Zeiss epiilluminator 
with a FITC interference filter, 450 dichroic mirror, 53 barrier 
filter, and a x 100 objective. 





Fig. 1 Immunodiffusion of human leukocyte ABP (centre well) 
against anti-ABP IgG (1) and against 1:2 dilution of the anti- 


ABP IgG (4); two different anti-leukocyte myosin antisera blood leukocytes were treated with peroxide and methanol 
(S and 6); anti-ABP antisera absorbed with intact PMN leuko- to block endogenous peroxidase. The cells were incubated 
~ s¢ 5 ° € z E > ” = ore A r a > i ine F: ó è = — . . . 
cytes (2); and anti-ABP antisera absorbed with purified ABP with anti-ABP IgG, washed, and incubated with goat anti- 


antigen (3). 


rabbit IgG conjugated with horseradish peroxidase and 
washed again. The fixed dried smears were then stained 
for peroxidase. Those cells incubated with anti-ABP IgG 
had maximal reactivity at the cell margins (Fig. 3). No 


Fig. 3 Peripheral blood cells stained with normal rabbit IgG (a) 
and with anti-ABP IgG (b). Note the positive reaction at the 
periphery of the cells. 





ee 
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staining of PMN leukocytes occurred with a normal IgG nor 
of lymphocytes or monocytes with the specific antibody. 

Actin, myosin and ABP have been identified by poly- 
acrylamide gel electrophoresis in enriched rabbit alveolar 
membrane fractions’. Whether ABP is an integral protein 
or largely associated with surfaces of the leukocyte mem- 
brane is not ascertainable from our studies. It is, however, 
tempting to believe that ABP by its membrane location 
could transduce surface recognition of particles into mech- 
anical events, leading to actin polymerisation and the 
generation of pseudopodia. 
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Transient kinetics of (Na+ +K+)-ATPase 
studied with a fluorescent substrate 


We describe experiments, with a purified (Na*-+K*)-ATPase, 
designed to investigate details of the enzymatic process that 
couples ATP hydrolysis to the active transport of Na+ and K+ 
ions. We have found that formycin triphosphate!-* (FTP), an 
analogue of ATP previously used in studies of myosin ATPase?, 
is a substrate for the (Na*+--K+)-ATPase, and that the binding 
of FTP or of formycin diphosphate (FDP) to the enzyme is 
accompanied by a two- to threefold enhancement of nucleotide 
fluorescence. The change in strength of the fluorescent signal has 
allowed us to measure equilibrium binding of the nucleotides to 
the enzyme, and using stopped-flow fluorimetry we have been 
able to measure the rates of binding and release. FTP and FDP 
bind with a high affinity and may be displaced by excess ATP or 
by K+ ions. During turnover, at least with FTP concentrations 
up to 24uM, the FDP is released (or its fluorescence is 
quenched) before the rate-limiting step of the overall reaction, 
both in the presence and absence of K* ions. When turnover is 
prevented by the absence of magnesium, the enzyme is still able 
to change its conformation according to whether Na* or K+ is 
the predominant alkali-metal ion". Because the Na and K con- 
formations have different nucleotide affinites, we have been able 
to measure the rates of the conformational changes by monitor- 
ing the decrease or increase in fluorescence associated with the 
net release or binding of nucleotide, Finally, the effects of altera- 
tions in FTP concentration on the time course of the fluores- 
cence changes have provided a clue to the non-phosphorylating 
role of ATP. 

All experiments were done at about 21 °C with a (Nat-+K7*)- 
ATPase from pig kidney, purified by the simpler method of 
Jorgensen®. The enzyme had a specific activity of about 17 umol 


ooo 
1.0 
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AF [FTP] wS 
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Fig. 1 Binding of FTP to (Na* +K*)-ATPase as a function of 
FTP concentration. (Nat +K*)-ATPase prepared from pig kid- 
ney by the simpler procedure of Jargensen® was washed to remove 
traces of ATP and suspended at 60 pg mi ~ in 2.5 mi of a solution 
containing NaCl 50 mM, EDTA (Tris salt, pH 7.7) 5 mM, and 
FTP (triethylamine salt) as indicated. ATP was added in 2 pl steps 
to give a final concentration of 25 uM. Fluorescence was 
measured at room temperature in a Farrand fluorimeter modified 
to allow additions to be made during continuous stirring and 
recording. Fluorescence was excited at 310 nm, and the light 
emitted at 380 nm was measured using 10-nm slits, A Wratten 
18A stray-light filter was placed after the excitation monochroma- 
tor, and a Schott W.G.365 stray-light filter before the emission 
monochromator. With 4 uM FTP, about half of the emitted light 
came from intrinsic protein fluorescence and scattering. Inset: 
reduction in fluorescence (AF) produced by the addition of ATP. 
Note that a second addition caused no further change, and that 
with 4 uM FTP, AF was only about 4% of total 380-nm emission, 
because the FTP initially bound to the enzyme was only a small 
fraction (2-3 °) of the total FTP in the cuvette, 


ATP hydrolysed per mg protein min ~ at 37 °C, and well over 
99° of the activity was sensitive to ouabain. FTP binding to 
the enzyme was measured by mixing FTP and enzyme in the 
fluorimeter cell, in the presence of EDTA, and then measuring 
the reduction in fluorescence when the bound nucleotide was 
displaced by a large excess of ATP. Measurements of binding at 
several FTP concentrations gave the saturation curve shown in 
Fig. 1 and a calculated dissociation constant of 1.1 pM. A 
similar experiment with FDP gave a dissociation constant of 
4.8 uM. ATP competed effectively with both FTP and FDP, 
and the calculated inhibition constant was 0.15 uM, which is 
similar to published values of 0.22 uM (ref. 7) and 0.12 uM (ref. 
8) for the ATP dissociation constant. 

Fluorescence enhancement could also be reversed by the 
addition of K+, TH+, Rb+, NH,* and Cs*, almost certainly 
because these ions cause dissociation of bound nucleotide’. 
Figure 2 shows the results of an experiment in which FDP was 
displaced from the enzyme by titration with KCI; virtually iden- 
tical results were obtained with FTP. In the presence of 133 uM 
Nat, 50% dissociation of nucleotide was obtained with a K+ 
concentration of 140 pM. 

The kinetics of FTP binding and FDP release during enzyme 
turnover were studied with the stopped-flow fluorimeter. Enzyme 
from one syringe was mixed with Mg?+ and FTP from another, 
in the presence of Na* and Tris buffer. Figure 3 shows the. 
results of two experiments with different time scales. Mixing 
was followed by (i) a very rapid rise in fluorescence, (ii) a rapid: 
fall in fluorescence, with a rate constant of 14s~* in Fig. 3a, 
(iii) a period of low fluorescence, and (iv) a final rise in fluor- 
escence. The initial very rapid rise in fluorescence cannot be. 
seen in Fig. 3 because of the time constant chosen. It almost” 
certainly represents FTP binding, and it gives a calculated 
second-order rate constant of 2-8 x 107 M~ s; the rate 
was too fast to allow more precise determination. The rapid drop 
in fluorescence is most simply attributed to FDP release from 
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Fig. 2 Dissociation of FDP from (Nat ---K+)-ATPase by the 
addition of K* ions. The fluorimeter cell contained enzyme sus- 
pended at a concentration of 153 mg protein mi~! in a solution 
containing FDP (triethylamine salt) 4 4M; Tris/Tris Cl (pH 7.7) 
80 mM; EDTA (Tris salt) | mM: NaCl 133 uM. KCI was added 
from a motor-driven Agla syringe which delivered 5 ul of 150 mM 
KCI per minute. The syringe was stopped after 4 min, by which 
time the K* concentration was | mM. NaCl, to a final concentra- 
tion of 17 mM, and ATP, to a final concentration of 27 uM, 
were added by hand. FTP fluorescence was excited at 310 nm 
and viewed at 380 nm as described in the legend to Fig. 1. An 
upward displacement of the trace represents a decrease in 
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in the range 2-20 uM, beyond which measurements were 
impracticable. 

We have also used changes in the affinity for FTP and FDP 
to investigate the rates of interconversion of the dephospho- 
enzyme between a form (E,) with a low affinity for nucleotide, 
which exists when K+ is the predominant cation, and a form 
(E,) with a high affinity for nucleotide, which exists when Na+ is 
the predominant cation®!°-!*_ Figure 4a shows the slow increase 
in fluorescence that occurred when enzyme preincubated with 
0.8 mM K+ in the absence of Nat was mixed with an equal 
volume of buffer containing 4 uM FTP and 100 mM Na+. No 
magnesium was present and the buffer concentrations were 
adjusted to minimise changes in ionic strength. Since the binding 
of FTP to enzyme preincubated with Na* is very rapid (~ 
200 s~ at 4 uM FTP), the rate-limiting step in the experiment 
of Fig. 4a must have been the conversion of the K form to the 
Na form, or some process associated with that conversion. 

In a series of similar experiments, increasing the FTP concen- 
tration in the range 4 to 24 uM increased the rate constant for 
the increase in fluorescence from ~0.25 to ~0.8557!. Again, 
this points to the existence of a low affinity FTP binding site, 
and it suggests that binding of FTP at the low affinity site 
accelerates the change in conformation. 

Change in conformation in the reverse direction (Na form to 
K form) was monitored in experiments like that of Fig. 4b, in 
which enzyme that had been loaded with nucleotide in the 
presence of 300 uM Nat was suddenly exposed to | mM K+. 


fluorescence and, because the rate of addition of KCI was very 

slow, the trace shows a succession of equilibrium states and gives 

no information about the rate of change of the enzyme (compare 
Fig. 4b). 


the enzyme, though it could conceivably have been caused by a 
reduction in the fluorescence of bound FDP. The period of low 
fluorescence continued during hydrolysis of the FTP in the 
medium, and probably reflects the existence of a steady-state 
complex with a low affinity for nucleotide. The final rise in 
fluorescence may be attributed to binding of FDP from the 
medium as the concentration of FTP fell below its dissociation 
constant and the steady-state complex disappeared. 

The presence of 1 mM K+, added with the FTP, did not 
significantly alter the rate of fall of fluorescence ( reflecting FDP 
release), though it did prolong the period of low fluorescence. 
The lack of effect of K+ ions on the rate of fall of fluorescence 
is consistent with the Albers—Post sequence (see ref. 9), namely 


Mg**,Na* 
E,+ATP ===; E,P.ADP m E,P+ADP 


Mg?** K+ ATP 
EP =, EP E 4 P: HEAK) SD E, 


where E, is a form of the enzyme, with a high affinity for ATP, 
which exists in predominantly Na media, E,P is a phosphory- 
lated form that can transfer its phosphoryl group to ADP, EP 
is a phosphorylated form that is hydrolysed slowly spontane- 
ously, but rapidly in the presence of K+ ions, and E.(K) is a 
form of the enzyme (containing occluded K +) that is produced 
by K.*-catalysed hydrolysis of E.P and is converted to E, bya 
reaction which is accelerated by the binding of ATP at a low- 
affinity site. The low level of fluorescence during steady-state 
hydrolysis, both in the presence and absence of K+ ions, also 
supports this scheme, by providing evidence that the release of 
ADP precedes the step that is rate limiting—presumably E,P 
hydrolysis if K+ ions are absent and E.(K) breakdown if they 
are present. The prolongation of the period of low fluorescence 
in the presence of K+ is simply the result of the reduction in the 
overall hydrolysis rate, which occurs because the breakdown of 
E,(K) at these very low nucleotide concentrations is slower than 
the spontaneous hydrolysis of E,P. 

A series of experiments like that of Fig. 3b, but with different 
FTP concentrations, showed that the fall in fluorescence was 
progressively accelerated as the FTP concentration was increased 
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Fig.3 Stopped-flow records of fluorescence changes accompany- 
ing FTP hydrolysis by (Na*-+K*)-ATPase. Experiments were 
done at 20-21 °C using a stopped-flow fluorimeter based on that 
described in ref. 14 but modified for split-beam operation. 
Fluorescence was excited at 310 nm, and the emitted light was 
detected after passage through Wratten ISA and Schott K.V.370 
filters, which excluded most of the light below 360 nm. Note that 
an upward displacement of the trace represents a decrease in 
fluorescence. Syringe I contained: enzyme 300 pg protein ml ~t: 
NaCl 76 mM; Tris/Tris Cl (oH 7.7) 19 mM; histidine 1.1 mM; 
EDTA 40 uM. Syringe H contained: FTP (triethylamine salt) 
8 uM in Fig. 3a and 14 uM in Fig. 3b; MgCl, 2.4 mM: NaCl 
76 mM; Tris/Tris Cl (pH 7.7) 19 mM. The two syringes delivered 
equal volumes to the mixing chamber. a, Changes in fluorescence 
for a period of 10 s after mixing, recorded with a Datalab transient 
recorder. The time constant of the apparatus was set at 100 ms. 
b, Outline of an oscilloscope trace from a separate experiment 
showing changes in fluorescence for the first 0.5 s after mixing. 
The time constant was set at 5 ms. The continuous line represents 


the equation | 
Y Yæ = L—exp(— 13.6r) 
and is intended merely to show that, discounting noise, the fall in 
fluorescence can be described by a single exponential. 


See 
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Fig. 4 Use of formycin nucleotides and the stopped-flow 
fluorimeter to follow slow conformational changes of the 
dephosphoenzyme induced by altering the concentrations of K* 
and Nat ions. a, Syringe I contained: enzyme 540 ug protein 
mi~; KCl 0.84 mM; Tris/Tris Cl (pH 7.7) 87 mM; histidine 
4mM: EDTA (Tris salt) I! mM. Syringe IH contained: FTP 
(triethylamine salt) 8 uM; NaCl 100 mM; Tris/Tris Cl (pH 7.7) 
4 mM. The addition of Na* and FTP to the K form of the enzyme 
produced a slow increase in fluorescence, presumably caused by 
binding of FTP to the Na form of the enzyme as soon as it ap- 
peared. The time constant of the amplifier was 50 ms. The figure 
reproduces the outline of the oscilloscope trace, and the smooth 
curve represents the equation 
y = yy exp(—0.26r) 
b, Syringe I contained : enzyme 380 ug protein ml7!; FDP (triethyl- 
amine salt) 4 uM; NaCl 330 uM; Tris/Tris Cl (pH 7.7) 100 mM; 
EDTA (Tris salt) | mM; histidine 4 mM. Syringe H contained: 
FDP (triethylamine salt) 4 uM; KCI 2 mM; Tris/Tris Cl (pH 7.7) 
100 mM: EDTA (Tris salt) | mM. The addition of K* to enzyme- 
FDP caused a slow fall in fluorescence, presumably the result of 
dissociation of bound FDP that occurred as soon as the enzyme 
was converted to the K form. The time constant of the apparatus 
was I ms. The figure reproduces the outline of the oscilloscope 
trace, and the smooth curve represents the equation 
Yiya = L-exp(—4.4r) 


In these experiments, FDP was used rather than FTP to avoid 


any possibility of phosphorylation, and its concentration was 
kept constant by including it in both syringes. Mixing was 
followed by a slow fall in fluorescence with a rate constant of 
about 4.4 s~", Since, in a control experiment (not shown), dis- 
placement of FDP from the Na form of the enzyme by the 
addition of excess ATP led to a rapid fall in fluorescence 
(k = 110s7*), the slow fall in Fig. 46 presumably reflects a slow 
change from Na form to K form. 

Although in the conditions of Fig. 46, a K+ concentration of 
1 mM should have been sufficient to displace FDP almost com- 


pletely (see Fig. 2), the rate of change of fluorescence was 


increased about fivefold when the K+ concentration was 
increased from 1 mM to 5mM. The amplitude of the change 
was unaffected. The increase in rate implies that binding of K+ 
ions to a low affinity site accelerates the change in conformation, 
and suggests that the sequence of events is 


where E,, the form of the enzyme with a high affinity for nucleo- 
tide, has a low affinit: ‘or K+. It is economical to suppose that 
EK in this equation is identical with ‘E KY, the form of the 
enzyme with occluded K+, in the scheme described above. The 
remarkably slow rates seen in the experiments like that of Fig. 
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4a are certainly compatible with the longevity of the ‘occluded 
form’ postulated by Post, Hegyvary and Kume?’ at low nucleo- 
tide concentrations. If this identification is correct, it follows 
that the occluded form can be reached not only by K*-induced 
hydrolysis of phosphoenzyme, but also by conversion from a 
form of the enzyme that binds K* at low affinity (intracellular) 
sites. 
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General anaesthetics can selectively 
perturb lipid bilayer membranes 


Tue circumstantial evidence that anaesthetics act primarily by 
increasing the fluidity of membranes is quite strong. The gaseous, 
volatile, barbiturate, steroid and alcohol anaesthetics have all 
been shown to fluidise phosphatidylcholine-cholesterol lipid 
bilayers and the demonstration has also been made for some 
biological membranes'~*. Furthermore, a number of lipophilic 
substances, such as the higher alkanols, do not fluidise 
membranes and are not anaesthetics". In some cases, a cor- 
relation between nerve-blocking potency and the action of 
anaesthetics in perturbing lipid bilayers has been observed’. 
Moreover, pressure counteracts the fluidising effects of anaes- 
thetics just as it antagonises genera! anaesthesia in vivo”. 
The overall success of the fluidised lipid hypothesis tends to 
be its major drawback, for if anaesthetics fluidise membranes 
indiscriminantly then the hypothesis fails to provide a unique 
mechanism for their selective depression of neuronal function. 
We show here that lipid composition may modulate the ability 
of an anaesthetic to fluidise membranes more than has been 
generally supposed. 

The effect of anaesthetics on membrane fluidity has been 
studied by intercalating fatty acids, or phosphatidylcholine 
(PC), labelled with a nitroxide reporter group into lipid bilayer 
membranes of various compositions. The anaesthetics studied 
showed wide variations in their ability to fluidtse phospholipid 
bilayers. Results and experimental conditions are outlined in 
Table 1. All anaesthetics studied fluidised PC bilayers low in 
phosphatidic acid (PA) and high in cholesterol (Chol) (4 PA: 
33% Chol) as evidenced by the consistent decrease in order 
parameter. At one extreme, halothane and urethane fluidised 
all the membranes studied, whereas at the other, pentobarbita! 
and alphaxalone fluidised only those with 4°,PA :33°%,Chol. 
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Increasing cholesterol content conferred fluidising ability on all 
anaesthetics, but increasing the negatively charged PA tended 
to confer an ordering ability in some cases. A more detailed 
examination of the effects of lipid composition was made with 
pentobarbital and octanol (Table 2). The effect of wean 
switched from fluidising to ordering when, in the 4% PA : 33% 
Chol membranes, either the cholesterol content was lowered 
to 5-10% or PA was increased from 4 to 10°. Octanol always 
fluidised. 

Our results in 4% PA :33°% Chol membranes are consistent 
with previous studies which have been carried out primarily in 
membranes of this cholesterol content, which is typical of 
nerve*~*, There are two isolated reports in the literature that 
halothane" and pentobarbital’? order phospholipid membranes, 
as do local anaesthetics!*. 

Spin-label!? and deuterium magnetic resonance! studies 
suggest that the acyl groups of phosphol'pids are tilted near 
the head group region. General anaesthetics might reduce this 
tilt leading to a decrease in packing density as has been reported 
for tetracaine!’, If so, the ordering effect should be weaker 
deeper in the bilayer and preliminary results with PC labelled 
with 8-doxylstearic acid at the B position are consistent with 
this explanation. In this context it is interesting to note that 
the three anaesthetics which increase anisotropy in the 4% 
PA bilayer all have structures which include rigid rings. A 
complete physical explanation of our results must await more 
detailed study, however. 

The most important pharmacological aspect of this work 
concerns the specificity of action of anaesthetics. Although 
they are regarded conventionally as nonspecific drugs, many 
membrane processes are unaltered at anaesthetic doses. Thus 
the Nat/K* ATPase of red blood cells'® and synaptosomes'® 
is unaffected at high, almost lytic, doses. This specificity might, 
a priori, reside in the primary perturbation of the lipid as well 
as in the secondary reaction of a given membrane protein 
to that lipid perturbation. Our work shows that the primary 
perturbation can no longer be thought of in terms of the lipid 
solubility of an anaesthetic alone; it is necessary to introduce 
the concept of fluidising efficacy, which we define as the 
rate of change of membrane fluidity with the concentration of 
anaesthetic in the membrane. Defined thus, fluidising efficacy 


Table 1 The change in order parameter, AS, measured by 5-doxyl- 
stearic acid in lipid bilayer membranes exposed to anaesthetic agents 


Anaesthetic Concentration Bilayer composition, balance PC 
4% PA 20% PA 4% PA 133% 
Chol 
Halothane II mM -0.03 -0.03 --0.06 
Urethane 90 mM ~ 0.08 -0.03 -0,03 
n-Octanol 46mM -0,02 — 0.06 -0.08 
Ketamine 25 mM +- 0.03 0 o o 0.03 
Alphaxalone 18 mM -+ 0.02 +0.03 = 0.02 
Pentobarbital 16 mM -+ 0.02 -+0.02 -0,03 


PC, Egg yolk phosphatidylcholine; PA, egg yolk phosphatidic acid; 
Chol, cholesterol; halothane is CF,CHCIBr; urethane is ethyl- 
carbamate; ketamine is 2-(methylamino)-2-(2-chlorophenyl) cyclo- 
hexanone and was a gift of Parke-Davis; alphaxalone is 3a-hydroxy- 
Sa-pregnane-11,20-dione and was a gift of Glaxo. Lipids and spin 
labels in organic solvents were dried down together in pear-shaped 
flasks, Involatile anaesthetics were added in organic solvents before 
drying down; volatile agents were added later after the lipids had 
been dispersed in solution buffered at pH 7.0 by vortexing, and their 
concentration was checked by gas chromatography. Final lipid 
concentration was about 20-30 mg mi~, and the spin labels con- 
stituted about I mol °% of the lipids. Anaesthetics were equilibrated 
with the bilayers up to 24 h before being sealed in 1-mm glass capil- 
laries and equilibrated at 25 + 0,5 °C in the cavity of either a Varian 
E-9 or E-109 electron spin resonance spectrometer operating at 9.5 
GHz. Order parameters, AS, were calculated from spectra according 
to the method of Hubbell and McConnell"*, A decrease in AS indicates 
a less anisotropic distribution of the label and a more fluid membrane. 
Changes in AS less than 0.01 were not considered significant. High 
doses of anaesthetics were used to obtain large changes in AS, which 
is a linear function of anaesthetic concentration within experimental 
error? *, 
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Table 2 The change in order parameter caused by anaesthetics in PC 
lipid bilayer membranes ee varying proportions of PA and 
hol 





Anaesthetic PA Cholesterol 
0 o 10% 20% IA 

Pentobarbital 4% +0.02 +0.02 0 -0.02 —0.03 
16mM 10% -m -+0.05 +004 +003 +0.05 
20% +002 +009 +005 +002 -+0.03 
Octanol 4° 0.02 = a woe — 0.08 
46 mM 10% -005 —0.02 -0.03 --0.08 —0.04 
20°% = --0.06 — ~0.03 —0.02 —0.03 





need not be independent of anaesthetic concentration: thus 
Rosenberg reported unequivocal biphasic effects of halothane 
at physiological concentrations in palmitoyllauroyllecithin 
bilayers. Most studies so far, however, have shown linear 
effects? or only weak nonlinear ones’. Three of the anaesthetics 
we examined could both order or fluidise bilayers, depending 
on their lipid composition, and thus indubitably exhibited 
both negative and positive fluidising efficacy; whereas for 
halothane, octanol and urethane, the fluidising efficacy was positive 
in all the membranes studied. For the latter anaesthetics we are 
unable to tell if the magnitude of the efficacy varies from 
membrane to membrane because the membrane solubilities 
are unknown. Our conclusions are thus based on the anaes- 
thetics where a change in sign of the order parameter was 
observed. 

To be consistent with the fluidised lipid hypothesis, anaes- 
thetics should exhibit a positive fluidising efficacy at their site 
of action. In agreement with this, all six fluidised 4° (PA: 
33°“Chol bilayers and pressure reversal of anaesthesia in vive 
has been demonstrated for halothane®’, alphaxalone (as the 
clinical mixture althesin, which includes one third alphadolone 
acetate, a steroid with half the potency of alphaxalone)’, 
pentobarbital”, urethane’? and ketamine (M. Wilson and 
K. W. M., unpublished). Long chain alcohols, which are not 
anaesthetics and do not fluidise membranes?"*, might have 
lower efficacy than the short chain alcohols, or might simply 
have a lower membrane solubility. In the latter case, if the 
efficacy is about normal they might act additively with other 
anaesthetics as has been observed for some fluorinated hydro- 
carbons”. In all cases the magnitude of the fluidising efficacy 
can only be evaluated if the membrane partition coefficient is 
known, which is not often the case. 

A corollary of the above argument is that only membrane 
regions where anaesthetics exhibit positive fluidising efficacy 
offer putative sites of action for anaesthetics. Thus, those 
anaesthetics, such as pentobarbital, which exhibit a positive 
fluidising efficacy in a restricted range of compositions might 
be useful for defining the nature of such sites. Our studies sug- 
gest they must have greater than 10°, cholesterol and a charge 
density between 0.12 and 0.46 per phospholipid. This ts con- 
sistent with the known compositions of neurones (30-50 °,Chol ; 
12-20°% phospholipids bearing a single negative charge)”, 
although our phospholipids are not typical of the variety found 
in biological membranes. Two factors could limit the usefulness 
of such an approach. First, the presence of protein in a lipid 
bilayer will probably exert an additional influence on the 
fluidising efficacy of anaesthetics—a single report that halothane 
orders rat brain synaptic membrane is cautionary’. Second, 
the lipids in biological membranes are heterogeneously dis- 
tributed both across and in the plane of the membrane??? 

Large negative efficacies might also result in pharmacological 
effects”; indeed lipid ordering has been suggested as the cause 
of the hyperbaric convulsions exhibited by mammals at pres- 
sures in excess of 70 atm (ref. 25). We have shown that merely 
increasing the PA content from 4 to 10% in a 33% cholesterol 
bilayer changes the fluidising efficacy of pentobarbital from 
plus to minus. It remains to be seen how far the delicate balance 
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between anaesthetic and convulsant activities seen with many 
barbiturates can be explained in this manner. 

Our work has been concerned exclusively with the primary 
anaesthetic-induced lipid perturbation. The sensitivity of 
membrane proteins to such perturbations might also vary. 
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Restriction map of 5S 
RNA genes of Drosophila melanogaster 


ALTHOUGH certain segments of the primary sequence and 
secondary structure of 5S RNA seem to be strikingly similar in 


prokaryotes and eukaryotes', the genetic organisation of the. 


5S RNA genes themselves exhibits remarkable variability. In 
E. coli, several lines of evidence indicate that the multiple 
copies of the 5S, 16S and 23S rRNA genes are organised into 
transcription units containing one gene each plus a sequence 
coding either for tRNA,''® or tRNA,°*® such that they are 
cotranscribed in the order 16S-48—238-5S RNA (refs 2 and 3). 
In eukaryotes, the 5S RNA genes may be clustered at a single site 
as in humans? or widely distributed on many chromosomes as 
in the case of Xenopus laevis, where the 5S genes are found on 
the telomeres of most, if not all, of the 18 chromosomes'. 
Among the eukaryotes, there is no example in which the 5S 
genes are tightly linked to the 18S and 28S rRNA genes. Although 
there has been a large number of papers reporting the cytogenetic 
localisation of the 5S RNA genes in various organisms, only in 
the case of Xenopus laevis are there data concerning the physical 
organisation of these genes’. Even in this instance, however, the 
structure is only known for a few 5S gene repeat lengths, and 
the long range order that might be imposed on an entire 5S 
DNA cluster within the chromosome remains obscure. Whereas 
long range order in certain satellite sequences has been de- 
scribed***, similar higher order organisation has not as yet been 
revealed for transcribed redundant genes. 

In the fruit fly, Drosophila melanogaster, there are approxi- 
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mately 160 5S RNA genes (5S DNA) per haploid genome’*”. 

Both genetic!! and in situ’? hybridisation data indicate that 
these genes are clustered in the euchromatic portion of chromo- 
some 2 at the cytogenetic locus 56EF. Utilising a series of 
genetic deficiencies, we have shown that it is possible to split 
160 tandemly repeated 5S RNA genes into two functional 
clusters, each containing about 80 genes. The results of 
experiments with restriction endonucleases reported here have 
allowed us to construct a high resolution restriction map 
depicting the physical organisation of these genes. The physical 
structure of the 5S DNA is similar to their genetic organisation 
in that the 160 genes are organised as two distinct clusters of 
80 genes each. 

On treatment of wild-type D. melanogaster DNA with EcoRI 
restriction endonuclease, the fragments are separated by 
electrophoresis on 1° Agarose slab gels and transferred to a 
cellulose nitrate filter according to the method of Southern’. 
The filter-bound fragments were hybridised with "I-labeled 
5S RNA and finally visualised by autoradiography. As seen in 
Fig. 1, D. melanogaster 5S RNA hybridises to a single size class 
of 23 kb (kilobases or kilobase pairs) in length. Two inde- 
pendently isolated mutants (min) deficient for 50% of the wild- 


wild 
type 


min min’ 


23.0. 
20.7 — 


6.8 — 


a” 


5.4— 
4.6—> 





Fig. 1 Electrophoresis of EcoRI 5S DNA restriction fragments 
of wild-type and various min DNAs. min is a spontaneously 
derived mutant! and min’ was obtained by tricthyimalamine 
mutagenesis (Procunier and Tartof, unpublished}. Each mutant 
contains half (0.003 3%) the number of wild-type 58S RNA genes. 
Approximately 10 ug of each DNA was digested with EcoRI in 
0.05 mi of 50 mM Tris, pH 7.2, 50 mM NaCl, 10 mM Met, 
and 1 mM dithiothreitol at 37 °C for 2 h. A sufficient amount of 
enzyme was used to ensure complete digestion. The reaction was 
terminated by the addition of EDTA to 50 mM and NaCl to 
0.20 M. The DNA was precipitated with 2 volumes of ethanol 
at —20 °C, collected by centrifugation and dissolved in E buffer 
(40 mM Tris, pH 7.2, 20 mM sodium acetate and | mM EDTA) 
containing 20% sucrose. Electrophoresis was carried out in 1% 
Agarose slab gels in E buffer for 4h at 110 Y. Following electro- 
phoresis, the DNA fragments were transferred to a nitro- 
cellulose filter according to the method of Southern’? and then 
hybridised to !*I-labelled 5S RNA (5 x 10? cpm. pg. The 
hybridisation reaction was carried out for 20h at 60 °C by 
placing the filter in 10 ml of 2 < SSC (SSC is 015M NaCl, 
0.015 M sodium citrate, pH 7.0) with 0.20 pe of labelled 58 
RNA and 400 times this amount of unlabelled 185 and 285 RNA. 
The filter was washed with 2 x SSC and treated with RNase 
(20 pg ml~5 in 2 x SSC for 1 h at.37 °C. After another washing, 
the filter was dried at 60 °C and exposed to X-ray film (ford } 
for 13 d. EcoRI restriction fragments of phage D 

size standards (20.7, 6.8, 5.4 and 4.6 kb}. From these, the size 

of the 5S DNA fragment was determined to be 23 kb. 
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Fig.2 Electrophoresis of Hael SS DNA restriction fragments. 
400 ug of wild-type DNA were completely digested with 
purified Hael H at 37 °C in 6mM Tris, pH 7.4, 6mM Nac, 
6.6mM MgCl, and 3mM_ dithiothreitol. The enzyme was 
provided by Dr Jesse Summers of this Institute and purified 
according to Middleton er al.. After digestion the reaction was 
terminated, DNA fragments precipitated and dissolved in E 
buffer according to the protocol of Fig. I. Electrophoretic 
separation of the fragments was accomplished in 6°% acrylamide 
oe 0.1% diacrylate gels (9.2 cm long, 0.45 cm diameter) in E 
buffer at 5 mA per gel for 1.5 h. The gel was frozen and sliced 
into 2-mm sections and each section dissolved in 50 pl of 1.5 N 
NaOH for 10 min at 70 °C. The mixture was neutralised with 
HCI and brought to a final concentration of 0.60 M NaCl, 
0.20 M Tris and 0.02 M EDTA. The denatured DNA fragments 
were then covalently bound to phosphoimidazolol-cellulose 
filters according to Saxinger et al.. The 5S '*I-hybridisation 
reaction and subsequent R Nase digestion was done as described 
previously (Fig. |) and the filters dried and counted. Background 
values (identically treated filters but containing no DNA) were 
subtracted from the experimental values. Haelll restriction 
fragments of SV40 DNA provided the molecular weight stan- 
dards in kilobases!®. 


type number of 5S genes were similarly examined. The DNA 
from each of these also contains a 23-kb 5S DNA segment 
bounded by RI sites in spite of the fact that these mutants are 
deficient for half the wild-type number of these genes. This 
indicates there is more than one such 23-kb piece of 5S DNA 
per haploid genome. 

To determine the number of EcoRI site bounded 5S DNA 
clusters, the precise size of the 5S repeating unit was obtained 
as follows. An Haelll cleavage point of 5S DNA can be pre- 
dicted from the known Drosophila 5S RNA sequence’. The 
Haelll site | 

$’-GGCC-3’ 
3’-CCGG-S’ 


is between base pairs 116 and 119 of the 120 base pair 5S gene. 
The Southern technique which uses nitrocellulose filters 
however, fails to detect DNA fragments smaller than 500 base 
pairs'*, Since it was quite possible that the 5S gene repeat size 
was smaller, we looked for a way round this difficulty. This was 
achieved by first separating the products of Hael digestion by 
electrophoresis on a 6° polyacrylamide gel, hydrolysing the 
gel slices and denaturing the DNA fragments with alkali and 
ther: covalently binding the DNA fragments to a carbonyldi- 
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imidazole-derivatised phosphocellulose filter according to the 
procedure of Saxinger et al. The DNA-bound filters were 
then hybridised with '**[-labelled 5S RNA. The results from 
this experiment are shown in Fig. 2, where a single HaellI 
fragment 290 base pairs long is found to hybridise to SS RNA. 

The results of the RI and AHaelll restriction experiments 
suggest the following structure for the 5S DNA of D. melano- 
gaster. 160 5S RNA genes with a repeat length of 290 base pairs 
would require 46.4 kb. The RI cuts embrace a cluster of 5S 
RNA genes 23 kb long. Therefore, we conclude that there are 
two RI site-bounded clusters, each containing 80 tandemly 
arranged 5S RNA genes. Each of these genes in turn consists 
of a 120 base pair structural gene and a 170 base-pair spacer. 
It is also known that 5S RNA is 57% GC, yet the genes band 
in a CsCl gradient in a position indicating that the average 
repeating unit has a base composition similar to the bulk DNA 
which is 40%, GC (Fig. 3). So, we reason that the spacer is 
approximately 72°, AT. A summary of the physical and genetic 
maps of Drosophila 5S DNA is given in Fig. 4. 

It is possible that there could be a second Haellf site in the 
spacer region which would produce a second fragment that we 
would not detect in our experiments because the first Haelll 
site occurs three bases from the end of the 5S structural gene 
leaving an insufficient 5S DNA tag to probe for. The size of the 
Haelll fragments (290 base pairs) multiplied by the number of 
genes (160) however, fits almost exactly the dimension required 
to accommodate two RI site-bounded clusters (46.5 kb com- 


Fig. 3 Buoyant density of 5S DNA. 100 ug of wild-type DNA 
were mixed with CsCl such that the final density was 1.700 gcm~? 
in a volume of 7 ml. The solution was centrifuged for 50 h at 
50,000 r.p.m. in a Beckman type 65 rotor at 20 °C. Fractions 
were collected and the absorption at 260 A and buoyant density 
(p) measured. Each fraction was then denatured with alkali, 
neutralised and finally immobilised on a nitrocellulose filter’, 
The filters were then hybridised for 20h at 60°C in 3 ml of 
2 x SSC containing 10° c.p.m. of }*I-labelled 5S RNA (5 = 10° 
c.p.m. g~t) and 100 pg unlabelled 18S and 285 RNA. At the 
end of the incubation time, the filters were washed with 2 x SCC, 
treated with RNase (20 pg ml~!) for 60 min at 37 °C, washed 
again with 2 x SSC and then dried and counted. ©, '1-5S 
RNA; @, Assos = P 
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Fig. 4 A diagrammatic representation of the genetic and 
physical maps of the Drosophila 5S genes. From genetic evidence, 
itis known that the 5S DNA can be split into two functional 
clusters each of which contain approximately the same number 
of genesi! The designation and position of the translocation 
breakpoints which result in splitting the chromosome in the 
5S DNA region are indicated. The physical map agrees with the 
genetic map in that there are two 5S DNA clusters of approxi- 
mately equal size and bounded at the ends by EcoRI sites. The 
precise number of EcoRI sites and size of the DNA segment 
between the two 5S DNA clusters is unknown. The position of 
the Haelll site and the size and GC composition of structural 
gene and spacer are indicated. 


pared with 46 kb), and this suggests to us that there is pro- 
bably no other Haelll site in the spacer. 

Two interesting aspects of the 5S DNA restrict n map 
deserve special comment. First, we do not know eh er the 
quantity or the quality of the DNA segment inserted b ‘ween 
the two 5S DNA clusters. The fact that one translocation 
breakpoint occurs between the two 5S DNA blocks (Fig. 4) 
suggests that the amount of DNA in this region must be 
appreciable. Second, the restriction map does not allow assign- 
ment of the relative order of the two tandemly arranged 5S DNA 
clusters with respect to each other. These clusters may be 
organised as direct serial repeats (a -ba ~b) or as reverse 
repeats (a -b b- a). Unequal exchange between two 
direct serial repeats would be expected to produce genotypes con- 
taining variations in the number of RI site-bounded 5S DNA 
clusters. Indeéd, one might expect the number of such clusters 
to increase enormously in the course of evolutionary time. 
Although our sample size is small, we have not observed such 
instability". From such genetic considerations, we argue that a 
reverse repeat order of the two 5S DNA clusters would stabilise 
and preserve their structure in the chromosome. In addition, a 
palindrome arrangement would offer, on assuming the cruci- 
form configuration, a means of maintaining homogeneity 
among both clusters through mismatch repair. We cannot but 
wonder if a similar arrangement might be imposed on other 
tandemly reiterated gene clusters. 

This work was supported by grants from the NIH and the 
NSF to K.D.T. and by an appropriation from the Common- 
wealth of Pennsylvania. 

James D. PROCUNIER 
KENNETH D, TARTOF* 
The Institute for Cancer Research, 
Fox Chase Cancer Center, 
Philadelphia, Pennsylvania 19111 


Received July 8: accepted July 26. 1976. 
*To whom reprint requests should be addressed. 


' Fox, G. E. and Woese, C. R., Nature, 256, 505-507 (1975), 
2 Pace, N. R., Bact. Rer.. 37, 562-603 (1973). 


ea 
iF 
~f 


? Lund, E., et al, Cell, 7, 165-177 (1976), 

4 Johnson, L. D., Henderson, A. S., and Atwood, K. C., Crragenet. Cell Genet., 13, 
103-105 (1974). 

5 Steffensen, D. H., Duffey, P., and Prensky, W., Nature, 252, 741-743 974). O 

& ae L.. Brown, D. D., and Birnstiel, M. L. Chromosoma, 42, 191~203 
(1973). 

? Carroll, D. and Brown, D. D., Cell, 7, 467-475 (1976). 

* Botchan, M., Nature. 251, 288-292 (1974). 

» Southern, E. M.. J. molec. Biol. 94, 51-69{1975). 

10 Tartof, K. Dand Perry, R. P., J. molec. Biol., 81, E7- 1K32 (1970). 

li Procunier, J. D..and Tartof, K. D., Genetics, SE, 515. $23 (1978). 

i2 Wimber, D. E and Steffensen, D. M., Science, 170, 639-641 (1970). 

n Southern, E. M.. J. molec. Biol., 98, 503-517 (1978). i 

14 Benhamou, J. and Jordan, B. R., FEBS Leti., 62, 146-149 (1976), 

15 Saxinger, W. "o9 Ponnamperuma, C.. and Gillespie, D., Prac. nate. Acad. Sei. 
U.S.A., 69, 2978-2978 (1972). 

to Aflet, a . Jeppesen, P.G. N., Katagiri, K.J and Delius, H., Nature, 241, 120-123 
{197 

? Middleton, J. H., Edgell. M. H.. and Hutchinson, ©. A. HE G. Kirol., 10, 42-50 
972). 
TE A P.. Siegel, W. and Sklar, J.. J. molec. Biol. BB, 103123 (1974), 
i? Birnstiel, M., Speirs, J., , Purdom, L anddones, K., Nafure, 219, 454-463 (1968). 








Two proteins function in the regulation of 
photosynthetic CO, assimilation in chloroplasts 


THERE is increasing evidence that products of the light re- 
actions of photosynthesis govern the activity of enzymes in- 
volved in CO. assimilation by chloroplasts’. Of these pro- 
ducts, reductants formed photochemically seem to be of 
particular importance. Such reductants inciude the reduced 
form of ferredoxin®?*’", a strongly electronegative chloro- 
plast iron—sulphur oe (E'a= —0.42 V) that activates the 
two key chloroplast enzymes fructose 1,6-bis-phosphatase 
and sedoheptulose 1,7-bis-phosphatase. Activation of both 
of these enzymes requires in addition to reduced 
ferredoxin a ‘protein factor’ that is indigenous to chloro- 
plasts. In efforts to elucidate the nature of the ferredoxin- 
linked cnzyme activation, we have separated the protein 
factor into two components: (1) a partly purified protein, 
provisionally named “assimilation regulatory protein a” 
(ARP,) and (2) a highly purified chromophore-free protein 
called “assimilation regulatory protein b” (ARP,). Only the 
latter was required for activation when reduced ferredoxin 
was replaced by the non-physiological sulphydryl reagent 
dithiothreitol’. 

The protein factor was resolved into the ARP, and ARP, 
components by following the reported purification procedure 
(fractionation by acid pH, acetone, ammonium sulphate, 
and Sephadex G-100 gel filtration)’ that was modified to 
provide improved resolution in the gel filtration step. 





Table 1 Requirement for ARP, and ARP, for activation of chioro- 
plast fructose | 6-bis-phosphatase by reduced ferredoxin 


dapuan aimag RA aam ma na RY ere ira NA MARNE ORR drat ated Asta kth A ad EAA AA nm Ba de ATA snare i SAER a main HIN Het in HARE ARRAN Yd A AL AMA HAS 





nmol P, 

released 

per min 
Control 0 
ARP, i4 
ARP, p 
ARP, plus ARP, 73 








The reaction was carried out in ean) vessels containing Gn 
the sidearm) 6 pmol of sedium fructose  |,6-his-phosphate. and 
(in the main compartment) 135 ug of fructose |.6-h/s-phosphatase: 
spinach chloroplast fragments, P,S,. equivalent to 0.1 me chloro- 
phyll®: 0.12 mg of spinach ferredoxin. and the following (umol) 
Tris-HCI buffer, pH 8.0, £00; neutralised reduced glutathione, $; 
sodium ascorbate, 10: 2.6-dichlorophenolindaphenol. TRT; Mech. 
1.85 ug of ARP, and 108 pg of ARP,. were added as indicated. 
Vessels were equilibrated with nitrogen for 6 min and were then 
incubated for 5 min in the light. The reaction was started by adding 
fructose 1,6-b/s-phosphate from the sidearm and was continued for 
30 min under illumination. Light intensity, was 20,000 Ix and temper- 
ature was 20 °C. The reaction was stopped by addi 12 0.4 mi of 10% 
trichloroacetic acid and (after removing the precipitate by centri- 
fugation) P; was estimated by a modified Fiske-SubbaR ow procedure’®, 
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Although ARP, and ARP, were not completely separated, 
even after improvement in the gel filtration step, fractions 
of the two components were sufficiently resolved to estab- 
lish their separate identities. ARP, was then further purified 
by DEAE-cellulose chromatography and a second 
Sephadex G-100 gel filtration step. Details of the additional 
purification procedure will be published elsewhere. 

Ultracentrifugation of purified ARP, (single absorption 
maximum at 280nm) showed one component with an 
approximate molecular weight of 20,000 but polyacrylamide 
gel electrophoresis yielded two components, both of which 
showed ARP, activity. It seems therefore that ARP, can 
exist in more than one form. 

Table 1 demonstrates that both ARP, and ARP, were 
required for activation of fructose 1,6-bis-phosphatase by 
reduced ferredoxin. By contrast (Table 2), only ARP, was 
required for activation of the enzyme when reduced fer- 
redoxin was replaced by dithiothreitol. Similarly, the 
dithiothreitol-induced activation of the sedoheptulose 1,7- 
bis-shosphatase activity that occurs when the chloroplast 
fructose 1,6-bis-phosphatase is converted from its dimer to 
its monomer form when the pH is increased from 5.5 to 8.5 
(ref. 17) required only ARP». 

In addition to its activation of the fructose 1,6-bis- 
phosphatase and sedoheptulose 1,7-bis-phosphatase enzymes 
of chloroplasts, ARP, was found to activate the regulatory 
form of NADP-~glyceraldehyde phosphate dehydrogenase 
in the presence of dithiothreitol (Table 3). Neither the 
NAD-linked activity of the regulatory form of the enzyme 
nor the NAD(P)-linked activity of its non-regulatory 
counterparts was affected by ARP,. In the presence of 
dithiothreitol, ARP, also activated one of the two forms of 
phosphoribulokinase that we have found in chloroplasts 
(Table 3). In neither case could other sulphydry! reagents 
replace dithiothreitol. 

In summary, the evidence indicates that ARP, and ARP), 
two newly discovered chloroplast proteins, link the strong 
reducing power of photochemically reduced ferredoxin to 
the regulation of certain enzymes of photosynthetic CO, 
assimilation. We believe that the ferredoxin-linked system 
constitutes a specific mechanism of enzyme regulation that 
operates in addition to the other light-actuated systems of 
chloroplasts. Of the latter group, those mechanisms involv- 
ing enzyme effectors (such as reduced NADP) would govern 





Table 2 Activation of the fructose 1,6-his-phosphatase and sedo- 


heptulose 1,7-bis-phosphatase activities of chloroplast fructose 
| ,6-bis-phosphatase by ARP, and dithiothreitol 
nmol of P, released per min 
Treatment Fructose Sedoheptulose 
| ,6-bis-phosphatase 1|,7-bis-phosphatase 

Complete 168 13] 
Minus MgCl, 7 | 
Minus ARP, 14 58 
Minus fructose 

{ ,6-bis-phosphatase 6 4 
Minus dithiothreitol li 4 
Minas dithiothreitol, 

plus reduced glutathione 10 4 
Minus dithiothreitol, 

plus B-mercaptoethanol li 5 





To assay fructose 1,6-bis-phosphatase activity, the complete 
system contained 8 pg of the dimer form of fructose 1,6-bis-phospha- 
tase”, 9 ug of ARP,, and the following (umol): Tris-HCI buffer, 
pH 8.0, 100; MgCL, 1; dithiothreitol, 5; and fructose 1,6-h/s-phos- 
phate, 6. The final volume was 1.0 ml. To assay sedoheptulose 1,7- 
bis-phosphatase, the complete system contained 16 ug of the monomer 
form of fructose |,6-4/s-phosphatase (obtained from the enzyme dimer 
by mereasing the pH from 5.5 to 8.5 (ref. 17); 9 ug of ARP,, and the 
following (umol): Tris-HCI buffer, pH 8.0, 100; MgCl. 10; dithio- 
threntol, 5; sedoheptulose 1 ,7-his-phosphate, 1.5. The final volume was 
1.0 ml. In each case, the reaction (at 25 °C) was started by the addition 
of enzyme and stopped by the addition of 4 ml of the mixture used for 
P; analysis (see Table 1). 
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Table 3 Effect of preincubation with ARP, and dithiothreitol on 
chloroplast NADP-glyceraidehyde phosphate dehydrogenase and 
phosphoribulokinase 


AAs nm per min 
Preincubation with 


dithiothreitol ARP, plus dithiothreitol 
NADP-glyceraldehyde 
phosphate dehydrogenase 0.30 tid 
Phosphoribulokinase 0.04 0.37 





To assay NADP-~glyceraldehyde phosphate dehydrogenase, 
90 ug of the regulatory form of the enzyme! was preincubated for 
3 min in a solution containing (in a volume of 0.1 mD 10 umol of 
Tricine-NaOH buffer, pH 8.4: | pmol of dithiothreitol, and, as 
indicated, 9 pg of ARP,. After preincubation, the mixture was injected 
into the assay mixture that contained, in a volume of 0.9 ml, 3 ug of 
3-phosphoglycerate phosphokinase and the following (umol): 
Tricme~NaOH buffer, pH 8.4, 40; dithiothreitol, 1.5, MgCl, 10; 
ATP, 5; 3-phosphoglycerate, 5; NADPH, 0.12. Enzyme activity was 
measured by following the change in absorbance at 340 nm. The 
temperature was 22°C. To assay phosphoribulokinase™ (the form 
present in the purified fraction containing the regulatory form of 
NADP--glyceraldehyde phosphate dehydrogenase™), 90 ug of the 
enzyme was preincubated for 3 min in a solution containing (in a 
volume of 0.1 ml) 10 umol of Tris-HCI buffer, pH 7.5; | umol of 
dithiothreitol, and, as indicated, 9 pg of ARP,. After preincubation, 
the mixture was injected into the assay solution that contained, in a 
volume of 0.9 ml, 10 pg of phosphoribuloisomerase: 60 ug of lactate 
dehydrogenase; 30 ug of pyruvate kinase, and the following (umol): 
Tris-HCI buffer, pH 7.5, 100; reduced glutathione, 10; MgCl, 10; 
ribose-5-phosphate, 2; phosphoenolpyruvate, 0.5; ATP, 0.5; NADH, 
0.12. Enzyme activity was measured by following the change in 
absorbance at 340 nm. The temperature was 22 °C. 


the activity of selected regulatory enzymes, whereas other 
mechanisms (for example, those involving light-induced 
increases in the pH (refs 19, 20) or Mg’* concentration”’* 
of the stroma or soluble phase of chloroplasts) would pro- 
vide the environment necessary for the optimal activity of 
enzymes of the reductive pentose phosphate cycle. 
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matters arising 





Biotic extinctions 
by solar flares 


Reip et al? have suggested a mechanism 
by which solar protons might catastro- 
phically deplete atmospheric ozone during 
a reversal of the Earth’s geomagnetic 
field, when its shielding effect is weakened. 
Organisms would thereby be exposed to 
a harsher ultraviolet environment, pro- 
ducing extinctions, such as those Hays? 
observed, closely correlated with geo- 
magnetic reversals in deep-sea sediment 
cores. They further suggest that mass 
extinctions, such as those which took 
place at the close of the Cretaceous, 
may have thus occurred. Reid ef al. 
assume that during a reversal the geo- 
magnetic field effectively disappears for 
~ 1,000 yr. They also assume that solar 
flares sufficiently intense to cause ex- 
tinctions occur at intervals of ~ 1,000 yr 
or more. We propose to examine the 
validity of these assumptions by com- 
paring them with geomagnetic reversals 
identified by Tarling and Mitchell’ for 
the past 75 Myr, and small scale (radio- 
larian) and large scale (dinosaurian) ex- 
tinctions. 

Hays? found four radiolarian cases of 
extinction (involving 6 species) during 
the past 2.5 Myr, in which time 10 
geomagnetic reversals occurred’. Accor- 
ding to the model proposed by Reid 
et al., the expected number of extinction 
events (E) is related to the probability 
of occurrence of a strong solar flare 
during any year (P) and the number of 
successive years during which the mag- 
netic field is effectively absent (7) as 


E= RTP, (1) 


where R is the number of reversals 
during the period considered. Solving for 
P,, and substituting the values cited 
above: 
= = ERT = 4x 1074 yr (2) 
The value for P, is lower than assumed 
by Reid ef al. Given their estimate of 
P; = 10yr, to satisfy equation (1), 
the magnetic field would have to disappear 
for 400 yr during a reversal, an interval 
shorter than the generally accepted value’. 
A reduction in P, would not, in our 
view, impair the utility of the model 
proposed by Reid ef al. in producing 
periods of small scale extinction. 
It is, however, evident that the terminal 


Cretaceous (dinosaurian) extinctions affec- 
ted a much broader range of organisms!:* 
than the radiolarian ones described by 
Hays. The extinction of the dinosaurs 
occurred within a short but undefined 
interval ~ 18 Myr after the end of a 
lengthy period of normal polarity®”’. 
During these 18 Myr, eleven reversals 
took place®, but the diversity of terrestrial 
and marine reptiles remained constant 
up to the end of the Cretaceous’. 

A solar flare powerful enough to 
produce such extinctions would, therefore, 
have been much more powerful than any 
directly considered by Reid et al. Because 
no extinction as severe as those in which 
the dinosaurs were piuatee have 
subsequently taken place (or E == 1), and 
at least 197 reversals have since eccured 
(R = 197; set T= 10° yr), then the 
frequency of a hypothetical giant flare 
according to equation (2) is 

= = (1.97 x 10° yr)? 

or ~ | per 200,000 yr. Solar proton 
events have been studied only during 
the past 15-20 yr (ref. 1), and there is 
little hard evidence for the existence of 
giant flares, although instabilities in 
solar activity are now receiving more 
attention than formerly®. We therefore 
concur that the supernova model, as 
proposed by Terry and Tucker'* and 
Ruderman" remains worthy of consider- 
ation. Although the coincidence of a 
reversal and the terminal Cretaceous 
extinctions would invalidate neither 
model, Keating!” notes that this coinci- 
dence has not been demonstrated. 


P. BELAND 
D. A. RUSSELL 
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CRUTZEN AND RED REPLY -We certainly 
agree with the interesting remarks of 
Béland and Russell. Our model was 
primarily intended to provide a tentative 
explanation for the apparent mysterious 
association between geomagnetic polarity 
reversals and small scale extinctions, äs 
documented by Hays®. The relationship 
between polarity reversals and mass 
extinctions, such as that at the close of 
the Cretaceous, is not well established, 
and our mechanism is only a possible 
candidate. 

In terms of ionising radiation, the 
solar flares of August 1972 dissipated 
~ 6x I erg cm? in the polar strato- 
sphere. A similar flux of energy over the 
entire projected area of the Earth would 
be caused by the y-ray ‘pulse’ {~ 10" erg 
(ref. 3)) from a supernova 1,000 light yr 
away, while a supernova 30 light yr away 
would create a flux 1,000 times larger. 
It is not likely that the Sun could produce 
such a colossal flare, but several super- 
novae may have occurred within a 
distance of 30 light yr'during the lifetime 
of the Solar System’. 

Although the shielding of ultraviolet 
light by NO, must be considered, any 
ozone depletion caused by such super- 
novae would seriously affect the bio- 
sphere. However, other consequences of 
the vast amounts of nitrogen fixed in the 
atmosphere are worth considering. Assu- 
ming maximum efficiency of NO pro- 
duction, the supernova would fix ~ 1,500 
Mt of nitrogen, which is almost 10 times 
the presently estimated annual global 
nitrogen fixation rate®, This could perturb 
ecological systems. Furthermore, the 
column density of NO. could initially 
reach unhealthy concentrations of 10°- 
10°" molecules per cm* and although 
detailed calculations are necessary to 
confirm the idea, it may seem that there 
could be substantial production of NO, 
and even O, by the reaction ZNO + O,- 
2NO., Given absorption cross sections of 
NO, > 10°" cm* at wave lengths S 
650 nm, severe perturbations in photo- 
synthesis rates and in the radiation 
balance of the Earth may result. 
Aeronomy Laboratory, 

NOAA, Boulder, 
Colorado 80302 


1 Béland, P., and Russell, D A.. Marure, 263, a59 
(19763. 
2 Hays, J. D.. Bull. geal. Soc. Amt. B3, 2433 (1979). 


3 Tucker, W H., 
1138 (1968), 
4 Shklovsky. L S., Supernovae {Jobn Wiley and Sans, 


London, 1968). 
5 Ruderman, M. Science, P84, 179 (1974), 
® Hardy, R. W. F. sore Havelka, U. DL, Science, 188, 


633 (1975). 


and Terry, K. D., Sewanee, 168, 














260 


Glaciations and dense 
interstellar clouds 

As a possible cause of an ice age on 
Earth, I have suggested the passage of 
the Solar System through a region of 
compression of interstellar matter 
(ISM) bordering a spiral arm of the 
Galaxy’. Dennison and Mansfield 
criticise the model because it leads 
them to expect to find a dense cloud of 
ISM still very close to us; no such 
cloud is seen’. Their criticism, how- 
ever, ignores the structure of the 
Galaxy that provides the basis for my 
suggestion, and the justification for 
reviving the idea of a possible relation 
between ISM and ice ages. 

The compression region is a shock 
region, that is, a ‘traffic jam’, in the 
ISM. According to the model, the most 
recent glaciation was associated with 
the Sun having been immersed in a 
cloud of ISM while it traversed such a 
region. On my interpretation, the Sun 
emerged from the region after that. 
Dennison and Mansfield adopt ~ 20 km 
s~ for the relative speed of the Sun and 
cloud, and ~ 10* yr ago for the time of 
emergence. 

Dennison and Mansfield take no 
account of the fact that the Sun and 
cloud were travelling through the 
region with mean speed ~ 250km s` 
in their orbital motion round the 
Galaxy. So the place where the Sun 
emerged from the cloud is more than 
10 times further off than in the 
reckoning of Dennison and Mansfield. 

The material of the cloud concerned 
did indeed emerge from the com- 
pression region about the same time, 
but there are three essential points to 
recognise: (1) The region forms an 
oblique shock and, viewed as such, it 
produces a discontinuity in direction of 
flow of the ISM passing through it, but 
not of the stars. After emerging from 
the region, the cloud material and the 
Sun have relative motion very different 
from what they had in it. The traffic- 
jam is like congestion on an escalator— 
after people get off an escalator they 
disperse with relative speeds compar- 
able to the speed of the escalator, not 
to the relative speed they had while on 
the escalator. (2) When the material 
emerges it is no longer compressed, 
since by definition the compression 
region is the region where it is com- 
pressed. Compression regions them- 
selves are common places of obser- 
vation, but how the compressed 
material evapcrates out of them is not 
understood in detail. (3) There is no 
reason to suppose that clouds retain 
their individuality as the ISM 
evaporates from a compression region. 

The answer to Dennison and Mans- 
field is that the dense cloud they expect 
is not where they infer, it is not dense, 
and it is not a cloud. 


. Way 


: + + 

Matters arising 
Matters Arising is meant as a 
vehicle for comment and discus- 
sion about papers that appear in 
Nature. The originator of a 
Matters Arising contribution 
should initially send his manuscript 
to the author of the original paper 
and both parties should, wherever 
possible, agree on what is to be | 
submitted. Neither contribution | 
nor reply (if ome is necessary) | 
should be longer than 300 words | 
and the briefest of replies, to the | 
effect that a point is taken, should 
be considered. | 





For reasons I have stated briefly 
elsewhere'’*, the end of the most recent 
glaciation could have been the very 
end of a period of glacial activity that 
did not even start until after the Sun 
had emerged from the cloud, and its 
luminosity had fallen back to normal 
after an interval of enhancement. Thus 
the time, ~ 10 yr, is almost certainly 
an underestimate. In their closing para- 
graph Dennison and Mansfield go some 
towards admitting this further 
general consideration and its implica- 
tions. I should take issue with them 
over several other particular matters 
were this necessary. It seems, to me, 
however, that their objections vanish in 
the light of the foregoing general con- 
siderations, and that their discussion 
actually helps to show that there need 
be no embarrassing side effects in the 
model. 

T was aware of the problem of a 
nearby cloud raised by Hoyle and 
Lyttleton in a paper‘ I quoted in ref. 1, 
and recalled by Dennison and Mans- 
field, but ideas on the Galaxy and the 
kinematics of ISM have changed since 
1939. 

W. H. McCrea 
Astronomy Centre, 
University of Sussex, 
Falmer, Sussex BNI 9QH, UK 
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DENNISON AND MANSFIELD REPLY—-On 
encountering a spiral density wave, 
interstellar matter (ISM) suffers rapid 
and substantial changes in its flow field 
and density. Behind the shock, the gas 
gradually recovers over some millions 
of years’. The actual shock region is 
extremely narrow, and thus the transit 
time of the stars and gas through it is 
negligible in comparison to a million 
years, the approximate duration of the 
last general ice age. Behind the shock, 
the ISM, or any cloud, could not under- 
go significant changes in velocity, den- 
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sity, or identity caused by spiral density 
wave in the ~ 10‘ yr since the last 
glaciation, or even in the ~ 7x10 yr 
since the beginning of the last glacia- 
tion. To accomplish the rapid changes 
now proposed by McCrea’, an unjusti- 
fied assumption of a second abrupt 
change in the flow field of the ISM 
behind the initial shock would have 
to be made. The compression region 


fades gradually—it does not end 
abruptly like people leaving an 
escalator. 

Before entering the compression 


region, the stars and ISM have a small 
velocity differential of ~ I10kms™, 
because they follow similar orbits. In 
entering the compression region, the 
ISM is severely perturbed, while the 
stars are largely unaffected. This pro- 
duces velocity differentials between the 
stars and gas that are an order of 
magnitude larger than the 5-25 km s77 
that McCrea uses. His low velocity 
differentials are appropriate for regions 
outside the compression zone. Since the 
‘traffic jam’ applies to the ISM only, it 
is in the compression zone that there 
are large velocity differentials, and 
because the accretion rate in the model 
depends linearly on the cloud density 
and inversely as the cube of the 
velocity differential, the same fractional 
increase in solar luminosity would now 
require the frequent encountering of 
clouds with embarrassingly high densi- 
ties, from ~ 10° to ~ 10° hydrogen 
molecules cm™. 

Even if we accept the unorthodox 
picture that McCrea now uses, an 
excessive amount of energy is needed 
to dissipate these dense clouds on time 
scales of ~ 10*yr. A typical cloud 
required by the original model has ~ 
10° hydrogen molecules cm™° and a 
diameter of ~ 1 pc. Such dense clouds 
cool rapidly and cannot store com- 
pressional energy. It is easy to show 
that over a time of ~ 10° yr a power of 
~5xK10!L= is required to overcome 
the gravitational binding of the cloud. 
McCrea’s present model would require 
the dissipation of many such clouds 
throughout the disk of the Galaxy. This 
requires that on the average a power 
> total luminosity of the Galaxy must 
be constantly expended in dissipating 
dense clouds. 

This work was partially supported 
by the National Astronomy and 
Ionosphere Center which is operated 
by Cornell University under contract 
with the NSF. We thank R. Hohlfeld 
for discussions. 
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i Woodward, P. R., Astrophys. d., 195, 61-73 (1975). 
2 McCrea, W. H., Nature, 263, 260 (1976). 
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Provocative and rewarding genetics 


Genetics, Evolution and Man. By W. F. 
Bodmer and L. L. Cavalli-Sforza. Pp. 
xv+782. (Freeman: San Francisco, 
1976.) $13.95. 


FIvE years ago, these authors gave us 
The Genetics of Human Populations 
(1971), a book addressed more to the 
specialist or advanced student than the 
neophyte. Genetics, Evolution and Man 
projects the notions set forth in this 
earlier effort on to a wider, less special- 
ised readership. Their newer book 
expands the admirable features of its 
predecessor-—-excellent illustrations, 
conceptually and graphically; succinct 
abstracts at the beginning of each 
chapter, providing a sense of direction 
for the reader; the intercalation of fre- 
quent one-or two-line statements which 
capture the essence of the paragraphs 
which follow; problems which test and 
supplement one’s understanding of each 
chapter; and a lucid, readily readable 
literary style. More important, perhaps, 
is its currency and the overall objec- 
tivity which Bodmer and Cavalli-Sforza 
bring to the task which they set for 
themselves. This does not imply that 
every human biologist will subscribe 
fully to their arguments on controver- 
sial issues—for example, the roles of 
heredity and environment in the 
observed differences among the races 
in tests of intelligence. Even where 
honest differences of opinion exist, 
however, it should be clear to all save 
the most committed that they make a 
serious appeal to reason rather than 
exhibit a preconception or prejudice. 
This is unquestionably an important 
book, and everyone familiar with the 
subject matter must appreciate the 
wealth of information to which the un- 
initiated reader is exposed. It is pro- 
vocative, but not provoking; it rewards 
without remonstrating. Each reader, 
indeed each reviewer, will undoubtedly 
be attracted to a different chapter. One 
of my favourites is the “Evolutionary 
Development of Modern Man”. It 
attempts a synthesis of man’s biological 
and social evolution as a human popu- 
lation geneticist might see it. The 
observations on which this synthesis is 
based are, of course, sensitive to sub- 
stantial differences of interpretation 
both as to time and significance, Ilus- 
trative of such differences are the re- 


ferences to the Jomon culture of Japan, 
Development of pottery by this cul- 
ture is cited to be 9,000 yr ago, but 
Japan; Its Land, People and Culture 
(UNESCO 1958) suggests this event 
actually occurred about 14,000 yr ago: 
whereas the ‘earliest Jomon’ is given by 
Komatsu (The Japanese People, 1962) 
as about 6,400 yr ago. Apparently, 
Bodmer and Cavalli base their estimate 
on the carbon dating, carried out at 
the University of Michigan some years 
ago, of charred wood recovered from 
the Natsushima — shell-mound in 
Kanagawa Prefecture. This specific 
example is not particularly important 
and quite possibly the figure given by 
Bodmer and Cavalli may be correct, 
but some of the ‘facts’ of their general 
argument will undoubtedly prove to be 
in error. This, however, is a much 
lesser moment than the synthesis and 
its respect for the divergent data sets 
which must, in some manner, be 
integrated. Their view does not dis- 
regard man’s cultural evolution nor 
does it consciously serve the biological 
sciences. They acknowledge man’s bio- 
logical and cultural heritage; and seek 


Introduction to methods of geophysics 


Geophysical Methods in Geology. 
(Methods in Geochemistry and 
Geophysics, Vol. 12.) By P. V. 
Sharma. Pp. xv+428. (Elsevier 
Scientific: Amsterdam, Oxford and 
New York, 1976.) Df. 65; $26.25. 


HERE is a book that attempts to 
cover the techniques used in the 
whole field of geophysical research on 
the crust and lithosphere, industrial 
and academic: that is, a book that 
combines the contents of books such 
as Parasnis (1972), Bott (1971), 
York and Farquhar (1972) and Cox 
(ed. 1973). There are chapters on 
seismic methods (with sections on 
fundamentals of seismic wave propa- 
gation, seismic seismicity and seismo- 
tectonics, seismic prospecting, use of 
surface waves in crustal studies), 
gravity methods, magnetic methods 
(from Wenner spreads to magneto- 
tellurics), radiometric methods (dating 
and prospecting), geothermal methods 
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a quantitative appraisal of the contri- 
butions of these elements to his present 
diversity, not a capitulation on the part 
of one or the other disciplinary views. 

If fault one must find, then this book 
is overly long. This stems, 1 believe, 
first, from a misdirected effort to make 
the book self-contained—that is, to 
provide the reader with every detail] 
necessary to understand some of the 
subsequent arguments: and second, a 
failure to realise the frequency with 
which most students are exposed to the 
structure of DNA, the mechanics of 
mitosis, and elementary notions of 
statistics. This is not to suggest that 
reinforcement is not needed for some 
—possibly a large nunrber-~but a 
general application of repetition can 
just as readily lead to boredom as 
understanding. This is a small caveat, 
and doesn’t seriously compromise the 
book’s general excellence, cr) 
William Schull is Director of the 
Center for Demographic and Popula- 
tion Genetics at the University of 
Texas Health Science Center, Houston, 
Texas. 
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and, finally, geophysics applied to 
global tectonics. The book is poly- 
math, up-to-date and non-mathemati- 
cal; SI units are used and a point in 
its favour is that most subsections 
end with a reference to a recent 
review article. It is a long book but 
not a verbose one. 

Dr Sharma writes that the book 
developed from a course organised at 
the University of Copenhagen. “The 
course was aimed at providing a con- 
cise but fairly comprehensive intro- 
duction to the methods of geophysics 
within which the undergraduate 
students of geology and geophysics 
could focate their specific interests 
for further specialisation.” He does 
not tell us in which vear of their 
undergraduate career these students 
received this course. Mo man could 
have a lively research aquaintance 
with one half of the subjects touched 
on here so that the course (and the 
book) must have represented a con- 
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siderable piece of scholarship; but I 
feel that, in consequence, the book 
is at once too comprehensive and too 
facile to arouse the lively interests 
of an undergraduate reader, I shall 
continue to encourage the second- and 
third-year undergraduates whom I 
encounter to read Parasnis, Bott 
and Cox. D. Matthews 


Dr Matthews ts a reader in the De- 
partment of Geodesy and Geophysics 
at the University of Cambridge, UK. 


Planetary 
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interaction 

interplanetary Encounters, Close- 
Range Gravitational Interactions. 


(Developments in Solar System and 
Space Science, 2.). By Ernst J. Öpik. 
Pp. viit+155. (Elsevier Scientific: 
Amsterdam, Oxford and New York, 
1976.) $26.95: D#.67. 


Tuts is an excellent book, a book 
that any scientist will read with awe, 
realising that very few of their num- 
ber can, in the fullness of years, pro- 
duce such a resumé of original work. 

Ernst Opik has been an astronomer 
of international renown since the 
early 1920s, his main interest centring 
on the Solar System. In this book he 
deals with the encounters between 
planets and between planets and stray 
bodies such as meteorites, asteroids 
and comets. These gravitational inter- 
actions sometimes lead to collisions— 
more often to changes in the orbital 
parameters of the two bodies and the 
possible ejection of one from the 
Solar System. Opik has advanced 
from the restricted three-body prob- 
lem to formulate a probability method 
reliant on two-body interactions over 
specific spheres of influence. This 
leads to a Statistical celestial mech- 
anics which culminates in the predic- 
tion of the cratering densities of Mars 
and Moon, dynamical lifetimes of 
cometary debri and other stray 
bodies, solutions to the Neptune— 


Pluto problem, stability of the 
Trojan asteroids, and many more 
phenomena. 


The book summarises and refines 
a series of some 29 research papers 
written by the author between 1951 
and 1972; it is beautifully produced, 
very clearly indexed and is essential 
reading for all Solar System astro- 
physicists. David W. Hughes 


David Hughes ts a lecturer in the 
Department of Physics at the Univer- 
sity of Sheffield, UK. 
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Quite recently, biological motivation has contributed new ideas to computer science and 
mathematics, while these disciplines have provided useful insights to biological 
development. North-Holland takes pleasure in detailing below three authoritative 
publications covering this new field. 





Developmental Systems and Languages 
by GABOR T. HERMAN and GRZEGORZ ROZENBERG. 


With an introductory chapter by ARISTID LINDENMAYER, Subfaculty of Biology, 
University of Utrecht. 


1975 xvi + 366 pages 10 tables 59 illus. over 200 lit. refs. 
Price: US $28.95 / Dfi. 75.00; ISBN 0-7204-2806-8 


The application of the rigorous techniques of formal language theory to biologically 
motivated concepts gave rise to the theory of developmental systems and languages. This 
area has been actively investigated over the last few years, yielding many results of 
fundamental interest to both the formal] language theorist, the biologist and the computer 
scientist. 


Self-contained, this book provides an exhaustive and up-date survey of the field. After an 
introduction in which the biological motivation of the study is described, the book is 
divided into three main sections, Part I gives a formal presentation of the theory of 

developmental languages while Part II treats the theory of developmental sequences. Part 
HI offers a less formal discussion of topics whose biological motivation is more apparent. 


Automata, Languages, Development 


At the crossroads of biology, mathematics and computer science 
edited by ARISTID LINDENMAYER and GRZEGORZ ROZENBERG. 
1976 vili + 529 pages Price: US $46.00 / Dfl. 120.00; ISBN 0-7204-0474-6 


A truly interdisciplinary exposition, this book represents the work of many distinguished 
scientists, brought together by their common interest in understanding the algorithmic 
nature of developmental processes. It includes both survey articles and specialized 
research papers covering recent trends in each of the following interrelated areas: 


~ mathematical and computer models for growth and development of multi-cellular 
organisms, 

~ the theory of L systems, and its relation to the formalization of multi-cellular 
development and regeneration, 

- the theory of cellular automata and tessellation structures, and its relation to the 
concept of self-reproduction, 

- the theory and applications of graph generating and related systems. 


This book is based largely on the extension of material presented at a conference held at 
Noordwijkerhout, Holland, in April, 1975. Biologists, mathematicians and computer 
scientists will find this work a thoroughly representative and balanced review of the 
latest developments in an increasingly important interdisciplinary area. 


Analysis and Control of 
Immobilized Enzyme Systems 
edited by DANIEL THOMAS and JEAN-PIERRE KERNEVEZ. 


1976 vii + 306 pages 22 tables 119 illus. 
Price: US $27.50 / Dfl. 70.00; ISBN 0-7204-0361-8 


This volume contains the proceedings of an international symposium held in Paris, May 
1975 which was devoted to analysis and regulation of immobilized enzyme systems. The 
aim of the symposium was to bring together researchers from different fields, viz., 
biochemistry, applied mathematics and computer sciences, with the main emphasis laid 
on experimental and theoretical analysis of immobilized enzyme systems as biological 
models. The indentification of kinetic parameters as well as the control of enzyme systems 
ruled by partial differential equations, are presented. 








NORTH-HOLLAND PUBLISHING CO. 


P.O, Box 211, Amsterdam, The Netherlands a | 
In the USA/Canada: 52 Vanderbilt Avenue, New York, N.Y. 10017 
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bituary 

Walter Schottky, author of many 
significant contributions to the fields of 
electron and solid-state physics, died 
on March 4, 1976 at the age of 89. 
Born in Zürich, he studied under Max 
Planck at the University of Berlin, and 
subsequently held university appoint- 
ments in Wurzburg and Rostock. His 
first research interest lay in the field 
of electron physics, and what is now 
universally called the ‘Schottky effect’ 
(the increase in the thermionic emission 
of electrons from a solid resulting from 
an external electric field) dates from as 
far back as 1914. 

Possibly as a result of the First World 
War, Schottky next turned his attention 
to the radio and in 1915 invented the 
screened-grid vacuum tube. He is also 
credited with the invention of the 
superheterodyne receiver. He studied 
the ‘shot noise’ which arises from the 
discrete nature of the charge carriers in 
a current of electrons, and in 1918 
derived the well-known relationship 
between the magnitude of the noise 
and the strength of the current. For 
these three contributions he was 
awarded the Hughes Medal of the 
Royal Society in 1936. 

After the war, Schottky’s interests 
turned to thermodynamics and statisti- 
cal mechanics. One result of this was 
his prediction of the ‘Schottky specific 
heat anomaly’——the specific heat of a 
system possessing two closely spaced, 
discrete energy levels shows a maximum 
at a temperature comparable with the 
separation between the levels divided 
by Boltzmann’s constant. His analysis 








The sudden death of Professor Richard 
Foster Flint of Yale University on June 
6, 1976, deprived the world of one 
of the most eminent of its Quaternary 
geologists of any generation. Born in 
Chicago, Illinois, on March 1, 1902, 
the son of Professors Nott William and 
Edith Burnham (Foster) Flint of the 
University of Chicago, he obtained his 
B.S. in 1922 and his doctorate, summa 
cum laude, from that University in 
1925. He joined the Yale University 
faculty as Instructor the same year and 
taught at Yale for the next 45 years. He 
retired in 1970 as Henry Barnard Davis 
Professor of Geology, the occasion 
being commemorated by a symposium 
in his honour and a resulting Festschrift 
(The Late Cenozoic Ice Ages) to which 
some of the world’s leading researchers 
contributed. 

Professor Flint’s publications number 
over 150 research papers and a series 
of monographs including Glacial 
Geology and the Pleistocene Epoch 


successfully explains specific heat be- 
haviour which has been observed on 
numerous occasions by low-temperature 
physicists. His postulation of the 
existence of ‘Schottky defects’ in 
crystals (missing atoms without com- 
pensating atoms in interstitial positions) 
also dates from this period. 

In 1927, ‘Schottky became closely 
associated with the firm of Siemens, 
thereby continuing a well-established 
German tradition. From that time on- 
wards he turned his attention to semi- 
conductors, and in particular to the 
properties of metal—semiconductor 
contacts, and it is for this work that he 
is probably most widely known today. 
It had been known since the early work 
of Braun in 1874 that metal points in 
contact with certain solids, such as lead 
sulphide, show rectifying properties, 
and although these point-contact recti- 
fiers were not understood, they never- 
theless played a most. important role as 
detectors in the early days of radio. In 
1931 Schottky and his co-workers 
showed that in copper oxide rectifiers 
nearly all the potential drop occurred 
near the metal contact, thereby imply- 
ing the existence of some sort of 
potential barrier. By this time quantum 
mechanics was firmly established, and 
Wilson and others tried to explain the 
rectifying action in terms of the 
quantum-mechanical tunnelling of elec- 
trons through the barrier, but it was 
soon recognised that this mechanism 
predicted the wrong direction of easy 
current flow. Schottky, and indepen- 
dently Mott, suggested that the rectify- 


(1947), Glacial and Pleistocene Geology 
(1957), and Quaternary and Glacial 
Geology (1971). The last stands as the 
most up-to-date, comprehensive, and 
masterful overview of the subject in any 
language. He was also the co-author of 
a number of editions of such famous 
Yale texts as Physical Geology and 
Introduction to Physical Geology. 
Especially influential was his stimulat- 
ing teaching that opened the exciting 
vistas he saw to generations of Yale 
graduate students and undergraduates— 
thousands of the latter benefited from 
his introductory course on the earth 
sciences. He also enhanced Yale’s 
reputation by serving as associate- 
editor, co-editor, or member of the 
editorial board of a number of scientific 
journals, including American Journal 
of Science, Quaternaria, Quaternary 
Research, Radiocarbon and Zeitschrift 
fiir Geomorphologie. In addition he 
was Chairman of the National Research 
Council committees that compiled the 





ing action resulted from the thermal 
excitation of electrons over the barrier, 
and showed that this model predicted 
the correct direction of rectification. 
Schottky supposed that the barrier 
region contained a space charge caused 
by a uniform density of charged im- 
purities, so that the electric field in- 
creased as the metal was approached, 
whereas Mott assumed that the con- 
ditions of fabrication were such that 
the barrier region was devoid of im- 
purities, so that the electric field was 
constant. We now know that Schottky’s 
assumption is the more realistic one in 
practice, and in consequence the term 
‘Schottky barrier’ is used almost 
universally to describe a metat- 
semiconductor contact. Schottky also 
derived an expression for the capaci 
tance of the contact in terms of the 
density of charged impurities, and 
showed how measurements of the 
capacitance could be used to infer the 
impurity concentration. This technique 
is used very extensively throughout the 
semiconductor industry today. 


Schottky was a very versatile physi 


cist who combined a wide theoretical 
knowledge with a deep physical insight 
and the ability to look at problems 
from a practical point of view. He was 
always ready to apply his science to 
engineering problems, and it is perhaps 
appropriate that the term ‘Schottky 
diode’ is now firmly established in the 
vocabulary of electronic engineers who 
probably know little of his contribu- 
tions to basic physics. 
E. H. Rhoderick 

Glacial Map of North America and the 
Glacial Map of the United States. 

Professor Flint once said that he did 
not expect great fame as a scientist, 
since he desired a life whose breadth 
would necessarily detract from single- 
minded scholarship. Yet he not only 
achieved the full life he sought, includ- 
ing a deep satisfaction in art and 
pottery, but contrary to his expecta- 
tions, he also gained the world’s 








acclaim as a scientist. He was a Fellow 


of the American Academy of Arts and | 
Sciences, honorary member of many 
foreign geological societies and Pre- 
sident of the 7th Congress of the 
International Quaternary Association. — 

Professor Flint leaves his devoted 
lifelong partner, Margaret C. H. Flint, 
a daughter, Anne Ogilvy, three grand- 
children, one great grandchild, and a 
host of admirers, friends, and colleagues 
the world over. 


A. L. Washburn 
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announcements 





Appointment 


Dr J. Ronayne to the Chair of History 
and Philosophy of Science at the Uni- 
versity of New South Wales. 
Professor Charles Antony Richard 
Hoare as Professor of Computation at 
the University of Oxford. 

Dr Theodore Morris Sugden, Master of 
Trinity Hall, Cambridge, will be made 
President Elect of the Chemical Society 
in April 1977, 

Professor Edward A. Smuckler as 
Chairman of the Department of Path- 
ology, at the School of Medicine, UC- 
San Francisco. 


Awards 


The Paul Ehrlich awards for cell re- 
search have been given to Professor 
John Gurdon, of the Institute for 
Molecular Biology, and Professor 
Torbjoern Caspersson, of the Kungliga 
Karolinska Mediko-Kirurgiska Insti- 
tutet, Stockholm. 

The Royal Society Mullard Award for 
1976 has been given to Dr G. H. 
Hitchings, recently retired from Bur- 
roughs Wellcome Co., for his work on 
chemotherapy, particularly the de- 
velopment of the drugs trimethoprim, 
allopurinol and azathioprine. 
The Royal Society Esso Award for the 
Conservation of Energy has been made 
to Mr. T. B. Jackson of Honeywell 
Ltd. 

The Ramsay Memorial Fellowships 
Trustees have awarded their General 
Fellowship to Dr M. W. Evans of the 
University College of Wales, Aberys- 
twyth and the Netherlands Fellowship 
to Dr M. R. Egmond of the University 
of Oxford. 


Meetings 

September 22-24, Systems and Models 
in Air and Water Pollution, London 
(The Institute of Measurement and 
Control, 20 Peel Street, London W8 
7PD, UK). 

September 28-30, Cellular Aspects of 
Neoplasma, London (Dr Gisele M. 
Hodges, Department of Cellular Path- 
ology, Imperial Cancer Research Fund, 
Lincoln’s Inn Fields, London WC2A 
3PX, UK). 

September 29, Radioisotopes in Cardi- 
ology, London (The General Secretary, 
British Institute of Radiology, 32 Wel- 
beck Street, London WIM 7PG). 
October 7, Biology of the Pycnogonida, 
London (The Executive Secretary, The 
Linnean Society of London, Burlington 
House, Piccadilly, London WIV OLQ, 
UK). 


Person to Person 


Conoco Ltd announces the setting 
up of The Conoco Lecture on the 
Responsibility of Industry towards 
the Environment. The Conoco 
Lecture, which will become an 
annual event, will be presented 
to an invited audience in the 
spring of 1977 and will be 
submitted to the appropriate jour- 
nal in the usual way. The Lecturer 
will have about four months to 
prepare his work and will receive 
a research award of £1,500. 
Nominations must be received by 
September 30, 1976. 


Wanted, three- or four-bedroom 
flat or house, preferably furnished, 
in the West London area near to 
Ducane Rd. Will exchange for a 
three-bedroom flat in Turku, Fin- 
land from about October 25, 1976 
to March 25, 1977. Replies (by 
September 20, please) to Docent 
Lauri J. Pellinilemi, M.D., c/o 
Shirley J. Green, Department of 
Histo-chemistry, Hammersmith 
Hospital, London W12. 


Will send, for postage, small quan- 
tity of Sophora chrysophylla seed 
to persons interested in tropical 
highlands. Leguminous tree, frost 
tolerant, good timber, to 10 m high 
and 50cm diam, Hawaii native. 
Perhaps of value in regions with 
climates similar to Quito, Ecuador. 
Apply to: W. Cook, PO Box 
22364 Honolulu, HI. 96822. 


Anyone going to Moscow who 
would like further information on 
the Moscow Seminars (see Nature, 
August 19) should contact: Joan 
Dale, Medical and Scientific Com- 
mittee, 2 Frognal Rise, London, 
NW3. 


There will be no charge for this service. 
Send items (not more than 60 words) te 
Martin Goldman at the Londen office. The 
section will include exchanges of accommo- 
dation, personal announcements and scientific 
queries, We reserve the right to decline 
material submitted. No commercial trans- 
actions. 


October 14-19, Warm Water Zooplank- 
ton, Goa, India (Dr S. Z. Qasim, 
Director, National Institute of Ocean- 
ography, Dona Paula, PO Caranzalem, 
Panaji, Goa, India). 

November 10, Gerontology, London 
(The Hon. Secretary, British Council 


for Ageing, c/o The National Corpora- 
tion for the Care of Old People, 
Nuffield Lodge, Regent’s Park, London 
NWI 4RS). 


September 5-9, 1977, 24th Inter- 
national Field Emission Symposium, 
Oxford (Dr G. D. W. Smith, Dept of 
Metallurgy and Science of Materials 
Oxford University, Parks Road, Ox- 
ford, UK). 


December 12-14, 1977, Monitoring 
Hazardous Gases in the Working En- 
vironment, London (Deadline for 
abstracts: January 31) (Dr John F. 
Gibson, The Chemical Society, Bur- 
lington House, London WIV OBN, 
UK). 


March 29-April 1, 1978, Conference 
on Sub-Millimetre Waves, Guildford, 
UK (The Meetings Officer, The Insti- 
tute of Physics, 47 Belgrave Square, 
London SWI 8QX, UK). 


August 16-23, 1978, Plant Pathology, 
Munich (Congress Plant Pathology, 
Biologisches Bundesanstalt, Messeweg 
11/12, D 3300 Braunschweig, FRG). 


August 30-September 6, 1978, Vir- 
ology, The Hague (Fourth International 
Congress for Virology, Netherlands 
Congress Centre, PO Box 9000, The 
Hague, The Netherlands). 


Reports and Publications 


Philosophical Transactions of the Royal Society of 
London. A: Mathematical and Physical Sciences. 
Vol. 281, Ne. 1302: New Tensor Spherical Har- 
monies, for Application to the Partial Differential 
Equations of Mathematical Physics. By R. W. James. 
Pp. 195-221. UK £1.45; Overseas £1.50. Vol. 281, 
No. 1303: Continental Displacement and Expansion of 
the Earth During the Mesozoic and Cenozoic. By 
H. G. Owen, Pp. 223-291. UK £4.10; Overseas £4.25. 
(London: The Royal Society, 1976.) {14 

The Zoological Society of London. Annual Report, 
1975. Pp. 50. (London: The Zoological Society of 
London, 1976.) «(24 

Malayasian Rubber Producers’ Research Association. 
MRPRA-: Publications, 1938-1974: An Author Biblio- 
graphy. Pp. 106. (Hertford: MRPRA, 1975.) £2. [54 
UKAEA, Harwell. AERE-R 8267: Radioactive 
Fallout in Air and Rain--Results to the End of 1975. 
By R. S, Cambray, Miss E. M. R. Fisher, J, D. Eakins 
and D. H. Peirson. Pp. 49. fLondon: HMSO, 1976.) 
£1.50 net. [54 

Science Research Council. Daresbury 1975. Pp. 52. 
(Daresbury. Warrington: Librarian, Daresbury Labora- 
tory. 1976.) 54 

Australian Journal of Ecology, Vol. 1, No. 1, January 
1976. Edited by Derek Anderson. Pp. 1-66. Published 
quarterly. Annual subscription £15; $A30 (Australia); 
$42,50 (N. America); £18 (overseas). (Oxford and 
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Dream to reality in 25 years? 


| THE photocopier could hardly be called an unmixed 

3 blessing of 20th-century civilisation, but few would deny 

the substantial benefits it has conferred—or the number 

of jobs it has rendered unnecessary. Aware of the sub- 

stantial cost (in foreign exchange) of photocopiers, the 

Indians set about designing one which could be produced 

by their domestic industry. In terms of the quality of 

copy delivered, the prototype devised at India’s National 

Physical Laboratory in New Delhi, was as good as any 

model produced elsewhere. But, the innocent Western 

visitor asked, why is the loading of paper, the mounting 

of the material to be copied, the passage of exposed paper 

through developer still done by operators? Surely if you 

can apply high technology to the reproduction process, 

you can apply it to all other things going on in the 

machine. In our office the secretary just presses a button. 

The reply to this rather insensitive question epitomises 

the dilemma of science and technology in the developing 

world—-to make machines too automatic is to put people 

out of work, and the unemployed cannot look to a 

generous social welfare system to tide them over. Better 

| a man employed on a modest wage doing a monotonous 
* job; after all there is no shortage of manpower. 

| Such machines versus men, productivity versus 

employment issues have, of course, been raising them- 

selves in a variety of guises all over the world for nearly 

two centuries, but this instance neatly illustrates the sort 


of clash in values that has endlessly to be resolved when 


developed technology encounters the developing world. 
`. These thoughts were occasioned by an important and 
- jittle-reported lecture given, last week, by the Common- 
=- wealth Secretary-General, Mr Shridath S. Ramphal, 
former Attorney-General of Guyana, to the Science 
Policy Foundation in London. 

Mr Ramphal’s theme is that policymakers should be 
asking “what kind of science policy will contribute most 
to the eradication of poverty through a process of self- 
reliant economic advance that is consistent with social 
justice, environmental harmony and popular participa- 
tion?” It is “appropriate technology” that should be at 

« the centre of the development debate, not technology 
transfer, Technology, claims Mr Ramphal, is like genetic 
material in that it bears the code of social values of the 
~~ society in which it was produced and sustained—-export 
the technology to a region where the social values are 









different and it may even prove counterproductive. 

A science policy in the developing world that is 
closely allied to, indeed subservient to, social policy, is 
not without its problems, as Mr Ramphal recognises. 
There ate bound to be many. scientists whose interests 
could never be channelled in socially useful directions, 
and yet it would be disastrous to start a witch-hunt to 
hound all genuine intellectuals out and into the first job 
available in the developed world. The problem here is in 
differentiating between the distinguished thinker whose 
very presence at a particular university or laboratory 
raises the overall quality of the work done and students 
produced there, and the hanger-on who attempts. Western- 
style research incoherently and inconsequentially (Mr 
Ramphal’s words). 

Another major difficulty is the small size of many 
developing countries. Sixty of them have populations of 
less than 5 million, so the rapid accumulation of a 
“minimum critical mass of scientific talent” committed 
to well defined social values is not going to be easy. 
Ideally, regional centres and policies could be evolved, 
but the scientist’s famed supranational spirit often means 
in reality regular trips half way round the world rather 
than just over the border. 

Nor. Mr Ramphal points out, can the developed world 
stand back and let the developing world try and work it 
out alone-—‘‘the internal values of the world scientific 
community cry out for change . . development fshould] 
be the substantive goal of the science policy of the 
industrial world”. 

Many will believe that the case made, while strong on. 
idealism, is weak on realism. The scientific community, 
pushed into being a tool of social policy, might react in 
a thoroughly conservative way amid cries about pursuing 
excellence for its own sake and truth wherever it may 
lead. And yet evolution is- ccurring, particularly among 
young scientists, in i ws on the functions of 
science. Provided the ; not carry things too 
far towards revolution, ded that ideologists are 
not allowed to make _ ning, thereby deterring 
many excellent but apo cientists, there is a real 
chance that what today like an unlikely dream 
for the developing world could, by the year 2000 be an 
effective reality. The issue. is as wider discussion in 
the developed world than it has so far received. E 
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Silk purse for sows’ ears? 


Managing Director W. Makinson exposes the workings, 
triumphs, and failures of the UK National 
Research Development Corporation (NRDC) 


ESPITE the occasional protestation 

to the contrary the university in- 
ventor is accorded an important and 
respected status among the NRDC’s 
clients. Without his contributions it is 
doubtful whether Sir Stafford Cripps’ 
concept of a statutory body for promot- 
ing technical innovation would have 
survived the political events of the late 
1960s and early 1970s. During the 
corporation’s life, however, the attitudes 
of central government and the universi- 
ties to research and its industrial appli- 
cation have changed markedly. The 
declining status of Britain in inter- 
national trade, and, in particular, the 
failure of its manufacturing industry 
to compete with those in other de- 
veloped countries has underlined the 
need to promote and utilise university 
research. The creation of wealth is 
arguably as important as the pursuit of 
knowledge, even at the expense of 
traditional academic freedoms. The 
NRDC’s task, as defined in the 1948 
Development of Inventions Act, is to 
assist in the transfer of new technology 
from the laboratory to industry, and 
because the corporation aims to be 
self-financing it has adopted arrange- 
ments that provide wherever possible 
for the recovery of the costs incurred. 

It is hardly surprising, therefore, 
that the role of the NRDC in universi- 
ties has come in for some critical ex- 
amination. Those affected by new 
constraints, and those strongly moti- 
vated by the wish for closer and 
more productive relationships between 
academic and industrial communities, 
retain a deep interest in the directions 
followed by the organisation. This 


reappraisal has led to suggestions ‘that 


technology emerging from universities 
might be better exploited by other 
routes than those offered by the NRDC 
itself. 

There could be grounds for this new 
attitude. Some inventors are industrially 
oriented and have enough familiarity 
with legal, patent and commercial 
matters to go it alone. But they are 
rare. Experience shows that there are 
proven advantages in adopting a pro- 
fessional, centralised approach to ex- 
ploitation, particularly where new tech- 
nology is of international significance. 
Successful exploitation requires a care- 
ful blend of talents and resources: pro- 
fessional skills, a wide knowledge of 
industry, financial resources, an ability 
to assess and take risks and, on occa- 
sion, some ruthlessness in decision 


taking are all essential. This is often 
not appreciated by academic research 
workers, to whom the invention is the 
major event rather than the starting 
point of a process fraught with prob- 
lems and pitfalls, many of which he is 
neither qualified nor equipped to meet 
alone. 

Moreover, experience also indicates 
that the majority of inventions turn 
out to have little commercial potential, 
however professionally they may be 
handled. And, paradoxically, it is the 
almost quixotic willingness of the 
NRDC to devote time and money to 
university cases which probably do not 
justify support and consequently fail, 
that has led to criticism. This cannot 
be lightly brushed aside, however: the 
corporation needs to retain the con- 
fidence of the academic research com- 
munity. 


Patent protection 


The NRDC plays a crucial role in both 
establishing and protecting industrial 
development that may arise out of basic 
research. The world of patents is now 
so complex and has so many ramifica- 
tions that it cannot be effectively 
handled without the aid of the special- 
ised professionals. Industry can, in 
some fields, get by without patent pro- 
tection and can penetrate markets 
simply through dynamism, confidential 
know-how, and competitiveness. Where 
the element of innovation is high, how- 
ever, companies usually insist on 
adequate patent protection for as long 
as possible after products become 
established. This is especially true in 
the case of, for example, pharma- 
ceuticals, © 0000 = 

The executive officers of the NRDC 
are well supported by commercial, legal 
and patent services on a scale which 
compares favourably with all but the 
largest multinational companies; its 
patent department, for instance, is 
among the largest in the United King- 
dom. These expert advisory services 
are available to university inventors 
even if they are not already clients: 
the earlier an enquiry is made, how- 
ever, the more useful any advice is 
likely to prove. 

Once an inventor has placed himself 
in the hands of the NRDC he must 
accept certain limitations. He is less 
free to dictate the subsequent course of 
development and exploitation, while 
his share of any subsequent revenue is 
inevitably cut. This may conflict with a 
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drive for recognition through im- 
mediate publication; it may also pre- 
clude direct personal arrangements with 
individual companies, even though that 


_ could be the most obvious route to 


early exploitation. Existing or future 
patent rights are assigned to the 
NRDC, and equity is maintained 
through a revenue-sharing agreement 
which divides proceeds from licence 
royalties or other income between the 
corporation and the university con- 
cerned (or the inventor). Under current 
arrangements, the rights to inventions 
arising from projects funded by UK 
research councils have, in most cases, 
to be assigned to the NRDC anyway. 

The time that the NRDC takes to 
decide whether support is worthwhile 
has occasionally been a source of 
frustration. But some delay is in- 
evitable. Potential markets must be 
properly assessed, as must the potential 
patent strength. Regrettably, the more 
commercially attractive propositions 
are more likely to run up against 
established competition. But through- 
out, the corporation maintains close 
contact with the inventor. 


Finance for development 


Unlike foreign government agencies 
with similar responsibilities, the NRDC 
can provide funds not only for research 
programmes which may eventually 
prove of commercial significance, but 
can also support the further develop- 
ment of inventions already made. 
Indeed, if the support for further de- 
velopment were not available it is likely 
that many university inventions could 
not be effectively exploited. Bearing in 
mind the NRDC’s reserve borrowing 
powers and currently favourable finan- 
clal status, there is, within reason, no 
upper limit to funds available for any 
particular project, as long as it can be 
effectively deployed. The slogan 
adopted by the corporation in 1973: 
‘£1,000,000 available for university re- 
search’’, is no idle statement. 

The: corporation always seeks the 
most effective route to commercialis- 
ation, so it usually attempts to involve 
an appropriate industrial organisation 
from the outset, either as a potential 
licensee and/or as a joint source of 
development funds. Negotiations may 
be carried out either by the university 
or the company, or both. It is quite 
normal for an inventor to act as a 
consultant on mutually acceptable 
terms. 

Failure to arouse industrial interest 
in a particular project might often 
indicate that attempts at exploitation 
should be abandoned. On the other 
hand, it could be simply that a lack of 
sufficient evidence (in the form of a 
working prototype, for example, or of 
credible test results) is the only reason 
why industry cannot be persuaded that 
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an innovation is of importance—this is 
the “‘predevelopment gap” referred to 
in the Richards Report to the Engin- 
eering Board of the UK Science Re- 
search Council. While such & gap can 
be bridged by NRDC funds, the 
corporation will not shell out extra 
support merely to keep inventors 
happy; nor will it support an unneces- 
sary research team, however com- 
petent. When further work is carried 
out in a university at the NRDC’s cost 
a portion of any royalties is usually set 
aside to offset these expenses. 

NRDC contributions to company de 
velopment costs are recovered separ- 
ately through a levy on subsequent 
sales of products exploited. The levy is 
calculated to provide a return reason- 
ably related to the risks involved. The 
terms have from time to time been 
criticised as harsh, particularly when 
applied to proposals submitted by 
embryo, campus-based companies set 
up to exploit the results of research 
projects undertaken in a particular 
university. The criticism should be 
viewed against the statistical record, 
however, which shows that in three out 
of four cases the NRDC fails to recover 
its investment. 

The corporation does not provide 
grants for company support, nor does 
it undertake to provide general working 
capital, except where an identified in- 
vention is involved. Companies must in 
such cases seek other sources of finance 
and accept the terms and conditions 
normally associated with them. It is 
worth noting, however, that support by 
the NRDC does not inhibit companies 
from qualifying simultaneously for 
other types of government assistance, 
nor need NRDC funding rank as a 
contingent liability where bank over- 
drafts or term loans are concerned. 


Track record 
Since its inception the NRDC has 
received about 5,000 proposals from 
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a 
The Dracone, a soft failure 


the Southampton Institute of Sound 
and Vibration Research where £160,000 
is devoted to research into techniques 
to produce light-weight quiet, diesel 
engines. 

By far the most conspicuously profit- 
able inventions so far have been those 
made 20 years ago by research workers 
in the Sir William Dunn School of 
Pathology at Oxford in collaboration 
with the Antibiotics Research Station 
of the Medical Research Council. The 
work involved led to the discovery of 
the drug Cephalosporin C and the sub- 
sequent isolation and identification of its 
nucleus; worldwide licensing arrange- 
ments currently provide approximately 
80% of the corporation’s total annual 
royalty income. Other significant ‘win- 
ners’ would include the anticoagulant 
Arvin (Penang and Oxford), portable 
heart/lung machines (Royal Post- 
graduate Medical School), peptides de- 
rived from bee venom (University 
College, London) and methods of ex- 
tracting diosgenin (the starting material 


universities, and taken assignment .in.. for steroids used in the contraceptive 


about 2.000 cases. This compares 
favourably with the overall national 
picture including all sources of support 
—34,000 proposals and 6,000 assign- 
ments. So far, of the 2,000 university 
inventions supported by the NRDC 
about 200 have emerged as revenue 
earners; over the past five years this is 
about one out of every five or six sub- 
missions. The cumulative income 
attributable to university research is 
about £15 million, of which about £8 
million has been recouped by the 
NRDC revenue-sharing agreements. 
At present, the NRDC is involved in 
about 90 development projects involv- 
ing universities, representing a total in- 
vestment of about £1.5 million, about 
£1 million of which is actually being 
spent with the inventors. The largest 
single current commitment is that with 


nill) from fenugreek (Nottingham). Per- 
haps the most notable engineering in- 
ventions were those of Manchester 
University relating to computers. 
More recent developments for which 
high hopes are sustained include im- 
provements in electrochemical cells 
(Newcastle), continuous counter- 
current ion-exchange techniques for 
uranium extraction (Imperial College, 
London), pioneering work on high 
modulus polymers, and novel flotation 
columns for mineral processing (Leeds), 
ultrasonics applied to metal-working 
(Aston), “surround” sound systems 
(Reading), speckle pattern comparators 
(Loughborough), and Pole Amplitude 
Modulation synchronous motors (Bris- 
tol). The NRDC has also set up a 
wholly-owned subsidiary company for 
the further development and marketing 
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engineering 


civil 
computer-aided design system (CAD) 


of Genesys—a 
initially developed at Lougborough 
University of Technology—and is in 
the process of creating a second soft- 
ware company for more generalised 
CAD packages. Though it is difficult to 
interpret statistics sensibly because of 
the often long gestation time of really 
successful inventions, the corporation 
is confident that the current input from 
university sources could maintain 
future royalties at a healthy level. 

The NRDC has, of course, had its 
failures—sometimes spectacular—in its 
efforts to commercialise technically 
sucessful inventions. Any listing would 
have to include Dracones (large flexible 
floating containers for transporting 
fluids, based on proposals from Cam- 
bridge University) and the Tracked 
Hovercraft, which used the linear 
motor, Though the NRDC received no 
financial returns from either project 
both ‘failed soft’ in that the principles 
developed in these instances have been 
subsequently applied successfully to 
other industrial problems. Indeed, the 
Dracone, originally intended as an 
alternative to large oil tankers at the 
time of the Suez crisis, has been used to 
transport drinking water to the Greek 
islands, and might still play a useful 
role nearer home if the present drought 
persists. 

Inevitably, many inventions from aca- 
demic sources fail for simple technical 
reasons, usually in the translation from 
the original concept to practical realis- 
ation in commercial or industrial terms. 
Despite its years of experience, the 
corporation has no crystal ball: it will 
go on, no doubt producing more sows’ 
ears than silk purses, but it has no in- 
tention of withholding support and 
encouragement wherever the rewards 
seem likely to justify effort and 
expense. C 
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USA 


Treading softly on the ozone layer 





A long-awaited report on the environ- 
mental effects of halocarbons was pub- 
lished in the United States last week. 
Colin Norman and Chris Sherwell re- 
port from Washington 





Tue US National Academy of Sciences 
(NAS) last week added its powerful 
voice to the scientific and political dis- 
pute about whether halocarbons, 
spewed into the atmosphere chiefly 
from aerosol spray cans, are causing 
serious damage to the Earth’s ozone 
layer, The general press seemed to have 
some difficulty in deciding just what 
message the Academy was trying to 
convey, however, “Scientists Back New 
Aerosol Curbs to Protect Ozone in 
Atmosphere” ran the headline in the 
New York Times. “Aerosol Ban 
Opposed by Science Unit’, said the 
Washington Post. Both were in fact 
correct, and the contrast reflects the 
finely balanced nature of the Aca- 
demy’s conclusions and recommenda- 
tions. 

The chief conclusion, set out in a 
long-awaited report by the NAS Com- 
mittee on Impacts of Stratospheric 
Change, is that significant deterioration 
of the ozone layer will eventually occur 
if halocarbons continue to be released 
at their present rate. That would allow 
more ultraviolet radiation to reach the 
Farth’s surface which, in turn would 
cause additional cases of skin cancer 
and other biological damage. More- 
over, the committee warned of a pos- 
sible effect on the world’s climate from 
any continuing build-up of halocarbons 
in the atmosphere. 

Alarming though such prospects may 
be, the committee cautions against 
taking precipitate action, such as ban- 
ning the use of halocarbons as propel- 
lants in aerosol products. Instead, 
although it acknowledges that regula- 
tion is “almost certain to be necessary 
at some time and to some degree of 
completeness”, the committee recom- 
mends that key uncertainties in the 
calculations should be cleared up be- 
fore uses of halocarbons are restricted. 
The necessary information should be 
gathered in less than two years, the 
committee argues, and such a delay 
will cause little additional damage to 
the ozone layer. 

The NAS recommendations were 
greeted with restrained enthusiasm by 
the halocarbon industry, and by the 
makers of hair sprays, deodorants and 
similar cosmetic products which to- 
gether account for the major uses of 
the material. The industry-sponsored 


Council on Atmospheric Sciences said 
in a statement last week, for example, 
that the report backs the industry’s 
view that “more research is required 
before any national decision on the 
fluorocarbon issue can be reached”. 
Some scientists and environmentalist 
groups were not so happy, however. A 
spokesman for the Natural Resources 
Defense Council noted, for example, 
that the NAS recommendation for a 
two-year delay in regulation “is a value 
judgment which scientists are no better 
equipped to make than anybody else”. 
Clearly, publication of the report will 
not put an end to the controversy 
which has been raging over the ozone 
depletion theory for the past couple of 
years. 

The theory was first advanced in 
1974 by two scientists from the Univer- 
sity of California, F. Sherwood Row- 
land and Mario J. Molina (Nature, 
249, 810; 1974). They argued, in short, 
that the very properties which make 
halocarbons so useful—their insolu- 
bility and inertness—-also pose a prob- 
lem: unlike most airborne pollutants, 
they are not washed out of the lower 
atmosphere by rain. They gradually 
drift up into the stratosphere, where 
they are broken down by sunlight, 
releasing free chlorine atoms which 
break down ozone molecules through 
a complex series of chain reactions. 

If that sequence of events is actually 
taking place, the result would be a 
reduction in the concentration of ozone 
in the stratosphere, and a consequent 
increase in the amount of harsh ultra- 
violet radiation reaching the Earth’s 
surface. The ultimate consequence 
would be an increase in the incidence 
of skin cancer, which is correlated with 
exposure to sunlight, and possible bio- 
logical damage to plants and animals. 

Publication of the theory ignited a 
scientific and political controversy as 
some scientists attacked it as being im- 
plausible. while others argued that it is 
frighteningly realistic. The implications 
for human health also led to sugges- 
tions that the use of aerosol sprays be 
curbed, and prompted a massive re- 
search effort to test the validity of the 
theory. 

Then, earlier this year, yet another 
alarming theory was put forward, 
namely, that accumulation of halo- 
carbons in the atmosphere will result 
in a so-called “greenhouse effect”, in- 
creasing the Earth’s temperature and 
perhaps altering its climate. 

The NAS committee has thus been 
poring over a mass of information ac- 
cumulated since Rowland and Molina 


published their theory, and its report 
has been delayed for nearly six months 
by the appearance of important and 
conflicting pieces of data. In the end, 
however, the committee concluded that 
the evidence produced so far supports 
the ozone depletion theory. According 
to the committee’s Chairman, John 
Tukey, a statistician from Princeton 
University and Bell Laboratories, the 
mechanism dis now “a relatively well 
understood process”. 

It should be noted at this point, how- 
ever, that it is impossible to test the 
theory by direct measurements of 
ozone concentration in the stratosphere 
since available measuring techniques 
are too insensitive to detect relatively 
small, long-term variations in the ozone 
layer. The theory is therefore based 
on laboratory experiments and com- 
puter analyses, supplemented with 
direct measurements of the atmos- 
pheric concentration of various key 
links in the chain reaction, such as 
chlorine, hydrogen chloride and so on. 
The whole business is a little like build- 
ing up a jigsaw puzzle from badly cut 
and incomplete pieces. 

Nevertheless, the committee has con- 
cluded that, if halocarbons continue to 
be spewed into the atmosphere at the 
rate they were released in 1973, the 
ultimate effect would be to reduce the 
concentration of ozone in the stratos- 
phere by about 7%. It will take several 
decades to reach that level of deple- 
tion. however, since once released into 
the atmosphere, halocarbons can take 
up to a century to reach the stratos- 
phere to do their work. 

The figure of about 7% is deceptively 
precise. In fact, Tukey was careful to 
point out last week that it may turn out 
to be as low as 2% or as high as 20%, 
the uncertainties being caused by the 
complexity of the reactions—-as many 
as 30 or 40 may be involved—and by 
the incompleteness of the information 
so far accumulated. That’s one reason 
why the committee recommended 
against an immediate ban on non- 
essential uses in aerosols and suggested 
that more data are required. 

Even if all release of halocarbons 
were to cease immediately, the com- 
mittee has calculated that the material 
already in the lower atmosphere would 
continue to rise into the stratosphere 
and increase the destruction of the 
ozone layer for at least a decade. The 
ozone layer would then recover very 
slowly, with only half of the reduction 
being restored in 50 years. As for the 
consequences of delaying regulation by 
two years, the committee has calculated 
that if the figure of 7% reduction is 
correct, “whether a halving in (halo- 
carbon) use and release were to take 
place in 1977 or 1979 would alter the 
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_ ozone reduction at any later date by no 

more than 1/6 per cent”. In other 
words, ‘costs of delay in decision are 
small, not more than a fraction of a 
percent change in ozone depletion for 
a couple of years’ delay”. 

Some perspective on the uncertain- 
ties in these calculations can be gained 
from a brief look at the problems 
which the committee encountered in 
putting out its report. The report was 
originally scheduled for publication 
in April but just as it was being put 
together, some new information, which 
seemed to throw the whole basis of the 
ozone depletion theory out of the 

“window, suddenly came to light. In 
short, the theory would fall apart if 
there is a natural process which ties up 
chlorine atoms before they can attack 
the ozone molecules in the stratos- 
phere. It seemed for a few weeks that 
just such a mechanism had been dis- 
covered. The suggested mechanism was 
the formation of chlorine nitrate, a 
compound which may be relatively 
stable under stratospheric conditions 
from chlorine atoms liberated from 
halocarbons and oxides of nitrogen 
already in the stratosphere. 

When calculated rates of formation 
of chlorine nitrate were slotted into the 
equations, it turned out that halo- 
carbons may even have a positive effect 
on the ozone layer—in other words, 
they may increase ozone concentration 
by removing oxides of nitrogen from 
the stratosphere. Later computations 
indicated, however, that the assumed 
rate of formation of chlorine nitrate 
had been greatly overestimated, and the 
effect of the mechanism is actually 
quite small. 

As for the potential climatic effects 
of halocarbons, the committee suggests 
that precise information is equally hard 
to come by. Nevertheless, its best guess 
is that there will be a warming effect 
due to absorption of infrared radiation 
by halocarbons in the atmosphere, the 
effect being similar to that proposed 
for carbon dioxide accumulated 
through the burning of fossil fuels. 
Tukey suggested that the effect from 
halocarbons in the year 2000 might be 
about 40% of that due to burning 
fossil fuels, but he added that the rela- 
_ tionship between such warming trends 
and broader climate changes is very 
poorly understood. “There are going 
to be some climate effects and it would 
be, I think, a disservice to put hard 
numbers on them this year”, he said. 

Although the committee recom- 
mends against immediate restrictions 
on the use and release of halocarbons, 
it does urge a number of steps to pre- 
pare the way for regulation should it 
be needed. At present, the authority to 
regulate the use of aerosol sprays is 
vested in at least three different 
agencies—the Food and Drug Adminis- 


tration (FDA) the Environmental Pro- 
tection Agency (EPA) and the Con- 
sumer Product Safety Commission 
(CPSC)—and it is questionable whether 
any of them really has a powerful 
enough mandate to act. Legislation is 
clearly required. Last week, by coinci- 
dence, Congress finally approved the 
Toxic Substances Control Act, a legis- 
lative landmark which, according to 
some interpretations, may provide EPA 
with enforceable authority over halo- 
carbons. But the Bill is opposed by 
industry and may be vetoed by Presi- 
dent Ford. Similarly, Congress is close 
to passing a series of amendments to 
the Clean Air Act, which again would 
give EPA a powerful lever to regulate 
aerosol products. The problem here, 
however, is that the House and Senate 
may not be able to settle some basic 
disagreements on other parts of the Bill 
before the October 2 recess. Thus, legis- 
lation may have to wait until next year. 

The committee does, however, re- 
commend one potentially important 
step which could be implemented re- 
latively quickly. It suggests that aerosol 
sprays containing halocarbon propel- 
lants should bear a label stating that 
fact. The FDA, which has authority 
to regulate cosmetics, probably has the 
power to enforce such labelling. 
Though the committee argues that 


“labeling should in no sense be re- 
garded as a substitute for regulation 
but rather as an aid to consumer self- 
restraint”, the effect could be rather 
large, since consumers are already 
beginning to turn away from some 
aerosol products. In 1975, for example, 
the use of halocarbons declined by 15%, 
—the first decline in more than a 
decade (the accompanying table shows. 
1975 figures). 

As for the effects on industry of .a 
ban, the committee says they would be 
“appreciable”. Just how appreciable 
can be gleaned from the fact that total 
world production of the two halo 
carbons with which the committee is 
concerned—namely, CFCI or F-11, 
and CF:Ch or F-12---amountad in 1974 
to nearly one million tonnes. But, says 
the committee, the industrial conse- 
quences do “not loom large” against 
the background of “a possible, although 
very small, change in world climate’. 

Finally, it should be noted that the 
US accounts for almost half the total 
world use of halocarbons. Thus, if the 
US Government decides on regulation, 
it would only attack half of the prob- 
lem. The committee therefore recom- 
mends that other countries should be 
encouraged “by whatever appropriate 
means are likely to. be effective” to 
take similar action. C 


Estimated worldwide releases of F-11 and F-12 in 1975 (millions of pounds) 





í Antiperspirants/deodorants 458.4 

Hair care 4O15 

[ Personal Medicinal 37.3 

Fragrances 2.3 

| Shave lathers 0.9 

! | Others 34.4 

Aew | f Room deodorants 17.7 

1115.1 4 Household a d ae 

(74.5°) | 1 aundry products 34 

| Waxes and polishes 9.2 

| | Others 9.2 

| _{ Insecticides 33.3 

| | Coatings 224 

| Miscellaneous | Industrial -390 

Automotive S0 

Vet. and Pet 2.3 

| Others eed 

f Í Mobile air conditioning 89.8 

Air conditioning | Chillers 42.9 
refrigeration } Food store 33.4 

204.7 | Beverage coolers 5.8. 

(13.7% Home refrigerators and freezers 5.8 

| Miscellaneous 27,3 

Plastic foams Open cell 100.0 

176.5 Closed cell 76.5 

(11.8°%) | 

Total 1495.3 


__ Figures are based on the annual incremental releases of F-11 and F-12 indicated for | 
in a 1976 report by the Manufacturing Chemists Association, and the detailed. pi 





analysis by users in the US for 1973 in a 1975 report by Arthur D. Little, Inc. for: ne EF A i 


Figures do not include USSR and Eastern Europe. | 2 

Breakdown between F-11 and F-12 not available. If F-11(CFCl,, 77°% c 
could be replaced by an equal weight of F-12 (CF,Cl,, 59% chlorine by weigt 
feasible—the amount of ozone reduction would be decreased. | 













Source: Halocarbens: Environmental Effects. of Chlorof uorome thane ‘Release; Cha ot ri 
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BRITAIN 


Recipe for less disaster 


The first ever report of the recently 
formed UK Advisory Committee on 
Major Hazards (CMH), which recom- 
mends improved safety measures for 
potentially hazardous industrial instal- 
lations, was published last week. 
Alastair Hay reports 


THE new measures advocated in the 
CMH report* could provide a frame- 
work for the safer building and siting 
of industrial plants in Britain. The 
report considers the hazards of “ex- 
plosion, the sudden release of toxic 
substances (and) cataclysmic fire’’, and 
industries that would come under 
closer scrutiny include those producing 
fertilisers, explosives, petrochemicals 
and nylon and other polymers. Nuclear 
installations are not considered in the 
report. 

The report is the first of its kind to 
be produced as a result of a govern- 
ment commission in any country. The 
CMH was appointed by the Health and 
Safety Commission (HSC) following the 
disaster at the Nypro chemical plant at 
Flixborough in June 1974, which killed 
28 people, injured more than 100, and 
resulted in an estimated £28 million 
worth of damage to the immediately 
surrounding area. The Flixborough 
explosion was the most devastating in 
Britain since the end of World War II. 

Prominent among the report’s 38 

recommendations is a call for a notifi- 
cation scheme that would allow the UK 
Health and Safety Commission (HSC) 
to identify particularly hazardous in- 
stallations. In drawing up a list of 
notifiable installations the committee 
identifies 8 different types of plant, but 
ignores nuclear installations, in Hine 
with its original brief. An estimated 
1,000-3,000 sites at present operating 
within the UK would fall within the pro- 
posed list, of which at least one in ten 
is operating to safety standards giving 
possible cause for concern, the report 
suggests. Moreover, while potentially 
notifiable plants are distributed 
throughout the UK, the report identi- 
fies specific areas of concentrated de- 
velopment such as Teesside and Canvey 
Island where a chain reaction of 
explosions might pose an additional 
hazard. The proposed list of notifiable 
installations includes: 
@ those storing or processing toxic 
material where there could be an emis- 
sion of toxic gases or vapours equiva- 
lent in effect to more than 10 tonnes 
of chlorine. 


* Advisory Committee on Major Hazards. 
First report of the Health and Safety 
Executive. HMSO, £1.00. 


@ those storing or processing flam- 
mable materials where there could be a 
rapid emission of more than 15 tonnes 
of flammable gases or vapours. 

© Those storing or processing more 
than 5 tonnes of materials which are 
intrinsically unstable or of very high 
exothermic reactivity. Examples are 
ethylene oxide, acetylenes, and organic 
peroxides. 

@ Those with a large inventory of 
storéd pressure energy, operating at 
100 bars or more, using gas phase re- 
actions. 

@ Those storing or processing more 
than 10,000 tonnes - of flammable 
materials with a flashpoint of less than 
22 8 °C. 

© Those storing or processing more 
than 135 tonnes of liquid oxygen. 

@ Those storing or processing more 
than 5,000 tonnes of ammonium nitrate. 
© Those storing or processing materials 
which during a fire could cause an 
emission of toxic gases or vapours 
equivalent in effect to more than 10 
tonnes of chlorine. 

The list would apply to both exist- 
ing and proposed installations, though 
the CMH has stressed that it is only 
provisional, and that a future list will 
almost certainly be wider ranging. 

The report underlines the increasing 
importance of getting design and oper- 
ating procedures right the first time. 
‘Because of their present-day size, and 
throughput,” the report says, ‘‘there are 
now many plants throughout the world 
where a critical first mistake can result 
in disaster”. Moreover, the committee 
warns of the increased dangers to local 
communities: the report notes that 
while “the probability that an indi- 
vidual worker will be involved in a 
fatal accident has notably fallen, the 
chances [of] a plant failure... in- 
volving the public at large .. . [have] 
become considerably greater”. 

Some of the specific proposals in- 
cluded in the report stem directly from 
recommendations made by the court 
of inquiry into the Flixborough disaster. 
For instance, the report advocates that 
industrial pipework, valves and pumps, 
at present often only tested before 
assembly, should also be tested follow- 
ing installation, when they form part of 
a total pressure system. It also recom- 
mends that any changes in the operating 
procedure at plants should be reported 
to the HSC for evaluation. Control 
rooms—that at Flixborough, built of 
brick, was completely destroyed in the 
explosion—should be single storey, rein- 
forced concrete buildings, situated in a 
relatively safe area, while black box 
recorders similar to those used in air- 
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craft, should be introduced to monitor 
plant operations, allowing the identifi- 
cation of fault sequences leading to 
accidents. Moreover, safety officers 
should have easy access to international 
data banks on industrial accidents and 
plant safety features, the report says. 

The report advocates closer consul- 
tations between local authorities and 
the HSC when planning permission for 
new industrial plants is being con- 
sidered. Neighbouring authorities likely 
to be affected by final decisions should 
also be included in the discussions. But 
the CMH has not yet considered the 
consequences of closing down poten- 
tially hazardous sites already in oper- 
ation. At present, the compulsory 
closure of existing plant involves local 
authorities in the payment of consider- 
able sums in compensation. The com- 
mittee plans to discuss this problem 
with the Department of the Environ- 
ment. 

The Report does not advocate the 
enforced notification of ‘near misses’, 
which, it feels, could inhibit the flow of 
information. Mr James Tye, director of 
the British Safety Council, welcoming 
the report, estimated that for every 
fatal accident in British Industry, there 
are three involving injury to workers, 
thirty resulting in damage to plant, and 
six hundred ‘near misses’. Nonetheless, 
both industry and the HSC recognise 
that the lessons to be learned from a 
‘near miss’ are as valid as those gained 
in the wake of a full-scale accident. 

Professor Bryan Harvey, Chairman 
of the CMH, stressed the respon- 
sibility of management in introducing 
appropriate safety measures even be- 
fore they became compulsory. Industry, 
he said, would in future have to give 
far more consideration to safety factors. 
Speaking for the chemical industry, 
Mr Donald Bennett, Chairman of the 
Chemical Industry Safety and Health 
Council, welcomed the report as 
“broadly consistent with the industry’s 
own thinking on the form of control 
required”. But he singled out areas 
needing further investigation, among 
them “the definition of the unit of 
notification”, what parts of plants, pro- 
cesses or sites should be licenced, and 
the problem of selecting ‘‘truly inde- 
pendent experts” to act as arbitrators 
between industry and the HSC. 

Mr Bennet’s sentiments are not in- 
consistent with those of the CMH itself, 
outlined in the introduction to the 
report. The committee acknowledges 
the need for further discussion and 
research, and admits to the preliminary 
nature of much of the work completed 
so far; the report has been distributed 
to various interested organisations with 
requests for specific comments on the 
committee’s proposals. O 
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BRAZI 


ConceRN for the environment is 
increasing in Brazil, a country which 
until recently dismissed ecological pre- 
occupations as detrimental to in- 
dustrial development. But even though 
public consciousness about the en- 
vironment in this vast nation of 110 
milion people has been raised, little 
has been achieved in practical terms, 
and the environmental battle is far 
from won. 

On the plus side, however, a new 
Presidential-level, environmental pro- 
tection office—known as SEM A—has 
been authorised to veto state financing 
of industrial undertakings lacking 
adequate pollution safeguards. The 
head of SEMA, Paulo Nogueira Neto, 
regards this as a major victory for 
the environmental protection move- 
ment. And he does not believe it will 
be very hard to persuade Brazilian 
industry to fight pollution before pro- 
ducing it “The inclusion of antt 
pollution equipment in an industrial 
project usually adds only 2% to the 
project’s total cost”, Nogueira Neto 
declared recently. “On the other 
hand, if a factory is ordered to install 
antipollution equipment after it al- 
ready has gone into operation, the cost 
of such equipment will be much 
higher.”” (There’s a major catch to 
this, however: SEMA does not yet 
have adequate authority to shut down 
existing transgressors, and cannot 
force them to install antipollution 
gear.) 

Also on the plus side, the Federal 
Government’s much criticised and 
undermanned Forest Service has 
scored some recent successes in catch- 
ing clandestine hunters, and in pre- 
venting the export of hides of illegally 
slaughtered protected species such as 
deer, monkeys and alligators. The 
Forest Service plans to burn 100,000 
recently apprehended pelts and skins, 
hoping to deter future unlicensed 
hunting. Most illegal hunting takes 
place in Mato Grosso State and the 
Amazon Jungle, which, because of 
their immense size and Jack of roads 
and communications, are practically 
impossible to patrol. 

The Forest Service has also won a 
victory of sorts by successfully fining 
the Brazikan subsidiary of Volks- 
wagenwerk AG the equivalent of 
$25,000. Volkswagen has gone into 
the cattle ranching business in the 
Amazon Jungk, taking advantage of 
liberal Brazilian tax incentives. The 
fine follows a technical violation con- 
cerning the clearing of trees on 
Volkswagen’s property: The Forest 
Service at first wanted to fine Volks- 
wagen the equivalent of more than 
$5 million for the alleged un- 
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authorised felling of some 9 million 
trees, but the plan was reportedly shot 
down at higher levels within the gov- 
ernment, which wants to maintain a 
favourable climate for foreign invest- 
ment. 

On the minus side of the environ- 
mental picture, nearly 2,000 residents 
of a slum district in the north-eastern 
city of Salvador were hospitalised 
after breathing potentially deadly 
chlorine gas from a chemical plant. 
The plant is an indirect subsidiary of 
Petrobras, the state oil company, and 
will probably escape with only a fine. 





Salvador és, in fact, apparently a 


major target of industrial polluters. 
The neighbouring Atlantic Ocean and 
several rivers in and near the city are 
becoming poisonous repositories of 
mercury, cadmium, sulphuric acid and 
ferrous sulphate. Jun Ui, a Japanese 
expert, has studied the situation in 
Salvador and concluded that the popu- 
lation is on the verge of mass poison- 
ing, similar to the mercury poisoning 
that caused a scandal in Minamata, 
Japan, during the 1950s. Professor Ui 
has found traces of mercury in the 
hair of Salvador residents, and has 
said that cadmium in the region could 
cause bone disease. 

People in several Brazilian cities 
have begun to band together to agitate 
for the preservation of urban green 
space; so far, however, none of these 
groups have been very effective. In 
Sao Leopoldo, a suburb of Porto 
Alegre, schoolchildren recently held 
a public demonstration against the 
felling of stately palm trees within the 
school grounds. The Forest Service- 
fined the school administration and 
ordered it to stop, but not before 25 
coconut palms ‘had fallen to the chain 
saw. In Belo Horizonte, a growing 
city of 1.5 million people that” is 
rapidly turning «to a “concrete 
jungle”, citizens meanwhile took to 
the streets to protest against the felling 
of a grove of frees on Church land. 


But the Church obtained permission 
to continue the clearance, and now 
plans to build a shopping centre and 
office building on the newly stripped 
site. 
© An antismoking lobby has emerged 
in Brazil. The Rio Grande do Sul 
State Medical Association has man- 
aged to scrape up the equivalent of 
$40,000 for a three-month advertising 
campaign warning of the health 
hazards of smoking. It aims to per- 
suade the Brazilian news media to 
carry antismoking propaganda to off- 
set cigarette advertising. There is also 
pressure for government health warn- 
ings on cigarette packages and 
tobacco advertisements. The anti- 
smokers face powerful adversaries. 
Brazil’s cigarette industry, dominated 
by a subsidiary of the giant British- 
American Tobacco Company, is one 
of the biggest advertisers in the 
Brazilian news media, and pays more 
than $1,500 million in Brazilian taxes 
each year. 
@ Brazilian petroleum engineers have 
always believed that there is oil in 
Brazil’s Amazon region, a belief not 
generally shared by the world’s oil 
industries. Now, however, Petrobras 
has found oil off the coast of the far 
northern territory of Amapa, and 
along the continental shelf off Rio de 
Janeiro State. It is still too early to 
tell how much oil may be in the area 
of the test-well but the fact that 
Brazil has finally discovered Amazon- 
ian oil is important in itself. Brazil, 
whose principal domestic source of 
oil is the north-eastern state of Bahia, 
still imports 80% of its annual oil 
requirements, which causes serious 
balance-of-payments problems. Five 
international oil corporations plan 
limited prospecting operations in 
Brazil. 
© A Brazilian obstetrician is en- 
couraging his patients in the prosper- 
ous middle-class city of Curitiba, in 
the southern part of the country, to 
have their babies in the same way as 
the native Indians: squatting instead 
of lying down. Dr Moises Paciornik 
has studied primitive Indian tribes in 
Brazil and has concluded that squat- 
ting births lead to less pain and fewer 
postnatal complications. Once con- 
tractions have started, delivery is 
safer and quicker, if gravity is 
allowed to help, Dr Paciornik says. 
He has adapted one of the delivery 
rooms in his Curitiba clinic for squat- 
ting births, complete with an Indian- 
style mat on the floor, and he says his 
urban patients show surprisingly little 
reluctance about giving birth the 
Indian way. 

Bruce Handler 
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Electric cars for US 


Congress last week won a small, but 
important, skirmish with the Ford 
administration over a plan to develop 
an electric car industry in the US. H 
overrode a Presidential veto on a Bill 
to devote up to $160 million to re- 
search, development and demonstration 
of electric car technology over the next 
six years. The key part of the Bill— 
and the part which stuck in Mr Ford’s 
throat—is a scheme to create a market 
for electric vehicles through direct 
government support. In the next three 
years, the Government is empowered 
to purchase up to 2,500 electric vehicles, 
with a further 5,000 within five years. 
Mr Ford had vetoed the legislation feel- 
ing that the technology was not suffi- 
ciently advanced for a subsidised 
purchasing programme of that size. 


SCIENTIFIC meetings used to be almost 
routinely enlivened by projectionists 
who inserted slides upside down, 
backwards, and so on. But the intro- 
duction of carousel projectors has 
largely done away with this form of 
amusement, especially when the lec- 
turer is artful enough to load the 
slides in advance. I always try to meet 
projectionists ahead of my talks. Most 
of them are males, often students who 
take the job as part-time employment. 
I usually scrutinise the projection 
booth for copies of Sports Illustrated 
and soft-core porn magazines, which 
I scan briefly to soothe my nerves. If 
present, such reading matter shows 
that the projectionist will not be listen- 
ing for slide-changing cues during my 
lecture, and I know that I must shout 
my requests. 

One of my adventures as a lecturer 
had an almost dream-like quality. 
It was in Las Vegas. I arrived at the 
“meeting hotel’ to speak to a conven- 
tion of dietitians. After threading my 
way past slot machines and blackjack 
tables, I found that the theme of the 
day was “Nutrition in the Age of 
Aquarius’. The delegates wore 
emblems proclaiming their zodiacal 
signs. Some of them were multiparous 
married women whose badges stated 
“I am a Virgo”, which seemed in- 
congruous to me. The slide projector 
had somehow been overlooked, and it 
was one hour to launch time. A hotel 
employee was delegated to drive me 
on a hunt for the machine. We 
bowled along a road that headed west, 
past shacks, into the relentless desert 
landscape until I realized that we 
were well on the way to Death Valley. 
Eventually we backtracked and spot- 
ted a Quonset hut that yielded a pro- 


Engineers building up 


For all that is being said about the sad 
state of recruitment into engineering, 
figures just released by the Universities 
Central Council on Admissions 
(UCCA) show a steady growth in the 
number of applicants, and admissions, 
to universities for engineering courses 
(Statistical Supplement to the Thir- 
teenth Report, 1974-5, UCCA, £1.25). 
Since 1973 electrical civil and mech- 
anical engineering have each registered 
gains in applicants—firm figures for 
1975, and reliable forecasts for 1976 
show that in three years engineering has 
gained 30% more applicants. Mathe- 
matics, physics and chemistry remain 
in the doldrums; chemistry was a few 
per cent up both in 1975 and 1976, but 
physics dropped several per cent in 
1975 and just held its ground in 1976, 


jector, and we got back to the casino 
in time. I was so stimulated by the 
experience that I preceded my lecture 
with an impromptu summary of my 
unvarnished opinion of the zodiac and 
of horoscopes. 

Previously in these pages, I have 
described the incident in which 
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Slide slips 






THOMAS H. JUKES 


Marianne Grunberg-Manago disap- 
peared from sight at the start of her 
lecture, in a manner similar to the 
descent of Erda in Das Rheingold. | 


. made a mistake: I have received a 


peremptory letter of reprimand from 
the head official of the American 
Society of Biological Chemists, point- 
ing out that it happened in Philadel- 
phia in 1958 rather than in Atlantic 
City in 1963. Another correspondent, 
more sympathetic, says that he re- 
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Soyuz in orbit 


Carrying photographic equipment 
developed partly by the East German 
company Carl Zeiss (Jena), the latest 
Soviet space-shot, Soyuz 22, went into 
orbit last week. Special emphasis is 
being paid to the photography of large 
tracts of Soviet territory, and while 
practical results are anticipated— 
similar, it is hoped, to those from the 
Soyuz 12 survey which revealed poten- 
tial oil- and gas-bearing zones in the 
region of the Mangyshlak and Buzachi 
peninsulas—the main aim is to develop 
new techniques. Additionally, as a 
follow-up to earlier experiments during 
which cultures of Proteus bacteria 
grown in space showed signs of deve- 
lopmental deviations, experiments 
aboard Soyuz 22 have been designed 
to investigate the phenomenon. 


members that Marianne blew kisses 
and waved to the audience as the 
platform went down. Be that as it 
may, I recall another Federation 
Meeting-——I think it was in Chicago— 
addressed by Larry Irving, in which 
some interesting slides were shown at 
a long lecture on respiratory physio- 
logy. They were remarkable for all 
being projected sideways. The large 
audience developed a transient form 
of torticollis resembling a sort of a 
lateral whiplash injury. I believe that 
the explanation for the misoriented 
slides had a nationalistic background. 
It seems that British slides used to be 
34” square, American slides 34” X4”, 
while the Canadians, with their alto- 
gether admirable trait of self-asser- 
tiveness, used slides that were 4” 
square. The slides in question must 
have been prepared by a Canadian 
for showing in US projectors, which 
the Canadian evidently thought re- 
ceived 34” x4” slides vertically rather 
than horizontally. 

One of the new amenities is an 
antenna: that is coiled around the 
lecturer like the string around a 
parcel. I canot vouch for the follow- 
ing story that was related to me, but 
even if it didn’t happen, it has obvious 
possibilties for users of Citizens Band 
radios. An unfortunate scientist 
swathed in his antenna, switched on 
the microphone and started his talk. 
Or tried to. But instead of the 
lecturer’s voice the equipment picked 
up, on the same wavelength, the 
thunderings of a fire-and-brimstone 
preacher at a nearby revival meeting. 
I am told that the scientist plucked 
the offending antenna from his body 
in a vain effort to quell the interrup- 
tion. 
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news and views 





X-ray cryoenzymology 


from C. C. F. Blake 


ALTHOUGH the degree of knowledge 
constituting an “understanding” of the 
catalytic power of enzymes may be a 
matter for debate, the basic nature 
of certain kinds of information is not 
in dispute. These essential pieces of 
information include the three-dimen- 
sional structure of the enzyme, and 
especially its active site; the sequence 
of enzyme-substrate intermediates 
that occur along the reaction path- 
way, their individual structures, and 
the energetic relationships between 
them. Clearly no single technique can 
provide information at the level 
required on all these topics, and a 
synthesis of data from several discip- 
lines is necessary before correct ans- 
wers in a very difficult field can be 
expected. 

The contribution of X-ray diffrac- 
tion, as the unchallenged technique for 
the determination of three-dimensional 
structure, would seem to lie in principle 
in defining the structures of the native 
enzyme (with essential aid from 
sequence studies) and the enzyme- 
substrate intermediates. But, despite 
great success with the enzymes them- 
selves, structures of true, productive 
intermediates have proved elusive. 
The reason for this is that at room (or 
physiological) temperatures there is 
such a gross inequality between the 
rapidity of the enzyme reaction even 
in the crystalline state, and the length 
of time required to complete an X-ray 
experiment, that there is no possibility 
of success. The only productive inter- 
mediates that can possibly be examined 
in normal conditions are the Michaelis 
complexes of certain enzymes whose 
reactions and equilibrium constants 
are favourable. 

The inability to look at true enzyme- 
substrate intermediates has not pre- 
vented X-ray diffraction from pro- 
ducing some important results on the 
activity of certain enzymes, for ex- 
ample, lysozyme, the serine proteinases 
and carboxypeptidase. With these 
enzymes, results from the study of 
the interactions of inhibitors or virtual 
substrates could be extended by struc- 
tural and chemical considerations to 


produce plausible models of the pro- 
ductive complexes, from which 
generally accepted hypotheses of their 
hydrolytic activity have been deduced. 
However, the intracellular metabolic 
enzymes that are now under study have 
so far resisted this approach, presum- 
ably because their more sophisticated 
mechanisms are not so amenable to 
chemical intuition. In this context the 
two papers in the current issue of 
Nature (Fink and Ahmed, page 294 
and Alber, Petsko and Tsernoglou, page 
297) on the formation and X-ray 
analysis of stable, productive enzyme- 
substrate intermediates at very low 
temperatures, represent a radical 
departure of great promise. 

It has long been known that many 
enzymes are catalytically active at 
sub-zero temperatures. Douzou, in his 
pioneering studies of enzymes at low 
temperatures (Douzou et al., Proc. natn. 
Acad. Sci. U.S.A., 66, 787: 1970), has 
shown that true enzyme-substrate 
intermediates can be isolated in a 
stable form at very low temperatures if 


sufficient care is taken with the 
physicochemical properties of the 


aqueous—organic solvent systems that 
are necessary. In view of this Fink and 
Ahmed have investigated the behaviour 
of chymotrypsin, trypsin and elastase 
towards specific ester substrates at 
temperatures between —20 and — 70°C 
in aqueous—organic solvents, to test the 
feasibility of obtaining stable crystal- 
line intermediates of these enzymes 
suitable for X-ray studies. They show 
that in these conditions the rate of 
acylation is several orders of magni- 
tude faster than the rate of deacyla- 
tion, and that for each enzyme, 
conditions can be achieved in which 
the rate of deacylation becomes so low 
that acyl-enzyme intermediates accu- 
mulate to high concentrations. At 
temperatures of —50 to —70 °C in 
aqueous dimethyl sulphoxide _ or 
methanol at pH values of maximum 
activity, they have prepared well- 
defined acvl-enzyme intermediates in 
almost stoichiometric quantities, for all 
three enzymes both in the dissolved 
and crystalline states. These inter- 


mediates are stable for periods of days 
to months at low temperatures, but 
when warmed up to O°C they are 
turned over at the expected rate. 

A preliminary X-ray analysis of one 
of the stable acyl-elastase intermediates 
characterised by Fink and Ahmed is 
reported by Alber, Petsko and Tser- 
noglou. Elastase was chosen because 
its active site is accessible, and it ex- 
hibits low solubility and high stability 
in the aqueous methanol which is 
necessary for the X-ray studies because 
its low viscosity allows the substrate to 
diffuse easily into the crystal. Using a. 
flow-cell they were able to change the 
mother liquor from 0.01 M sodium 
acetate to aqueous methanol in a 
number of stages of increasing con- 
centration and lower temperature 
until 70% methanol was reached at 
— 55°C. In these conditions the sub- 
strate, N-carbobenzoxy-alanyl-p-nitro- 
phenol ester could be added to the cell 
and its binding followed  crystallo- 
graphically. After equilibrium was 
attained three-dimensional X-ray data 
were collected to 3.5A resolution. As 
the original structure determination 
(Watson, ef al, Nature, 225, 806: 
1970) was of the tosyl enzyme, Alber, 
Petsko and Tsernoglou independently 
determined the structure of the native 
enzyme at room temperature, and also 
collected native data at — 55°C. This 
enabled them to be clear that the 
enzyme’s structure was essentially un- 
disturbed by the transfer from an 
ionic Hquid at room temperature to an 
organic quid at low temperature. The 
difference map calculated from the 
data sets collected at — 55 °C, although — 
not analysed in any detail in accord 
with the modest resolution limit, was 
nevertheless fully consistent with the 
expected productive acyl-enzyme inter- 
mediate in the catalytic process as pre- 
dicted by Fink and Ahmed. The con- 
trol experiment of raising the temper- 
ature of the crystal to — 10°C caused 
the binding curve to reverse, and the 
corresponding difference map showed 
no density remaining in the active site. 

It seems certain that this technique 
will in due course be used to produce 
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detailed structural information on the 
acyl-enzyme intermediate, and pro- 
bably also on other intermediates, of 
the serine proteinases. This would 
come close to realising the full potential 
of X-ray diffraction studies of enzymes, 
that of being able to obtain a series of 


“stills” of the enzyme-substrate com- 
plex at each point of stability along 
the reaction pathway, which would 
indeed be a major contribution to the 
understanding of enzyme activity, 
however this understanding may be 
defined. 


Cytoplasmic control of protein synthesis 


from Pamela Hamlyn 


An EMBO workshop on 
plasmic Control of 


Cyto- 
Eukaryotic 


Protein Synthesis was held on July 
19-22, 1976 at King’s College, Cam- 
bridge and was organised by Tim 


Hunt and Richard Jackson, Depart- 
ment of Biochemistry, University of 
Cambridge, and Alan E. Smith, 
Imperial Cancer Research Fund, 
London. 


For many workers in the field of 
eukaryotic protein synthesis, control of 
initiation of polypeptide formation is 
synonymous with translational control. 
A suitable starting point for the con- 
ference was, therefore, to consider the 
protein initiation factors which regulate 
the various steps during initiation. Two 
groups have purified to homogeneity 
the initiation factors from reticulo- 
cytes. W., C. Merrick described the 
work of the National Institutes of 
Health group and T. Staehlin that of 
the Basel Institute for Immunology. 
Each group has its own system of 
naming the different initiation factors, 
but the physical and functional charac- 
terisation of the proteins is sufficent to 
allow them to make correlations with 
confidence. Four initiation proteins 
have been isolated from Krebs H 
ascites cells. H. H. Dahl (ICRF, 
London) explained their functional 
activities and described experiments in 
which reticulocyte factors had been 
successfully substituted for ascites fac- 
tors. In the past some initiation factors 
were claimed to be messenger-specific. 
Most workers now think that such 
observations were due to inadequacies 
in the assay systems used and agree 
that initiation factors are functionally 
homologous in different tissues and 
species, 


Tails and caps 

Messenger RNAs may have poly(A) 
tails, ‘caps’ (blocked and methylated 
5’ termini) and untranslated sequences 
either side of the amino acid specifying 
region. Since these structures may be 
involved in translational control mech- 
anisms, part of the conference was 
devoted to them. G. Marbaix (Univer- 
sity of Brussels) confirmed that the 
poly(A) tail confers stability on globin 





mRNA injected into oocytes and 
showed that messenger lacking poly(A) 
was only degraded once its translation 
had been initiated. R. Kaempfer 
(Hebrew University, Jerusalem) showed 
that globin mRNA requires the 3’ 
non-coding region for its translation 
but not the poly(A) tail. 

The work on the cap region is in an 
earlier stage, at which many experi- 
mental results seem contradictory. In 
his summary of this group of lectures 
the chairman, B. P. Perry (Institute for 
Cancer Research, Philadelphia), con- 
cluded that the effects of cap on trans- 
lation were quantitative and seemed to 
depend on the messenger, the cell-free 
system used and the conditions of 
translation. 


Inhibition 

The section on the control of initia- 
tion centred on the nature of the 
inhibitor of protein synthesis formed 
when a reticulocyte lysate is incubated 
without the addition of haemin. Isola- 
tion of the inhibitor results in the co- 
purification of a phosphorylase activity 
which can phosphorylate the initiation 
factor responsible for the formation of 
the ternary complex between GTP and 
met-tRNAf. The phosphorylated factor 
is inactive. Does the phosphorylation 
cause the inactivation, or is it in some 
way coincidental? The group from 
the University of Cambridge have 
isolated an inhibitor which specifically 
phosphorylates de novo the small sub- 
unit of initiation factor IF-E2 (IF-MP). 
The copurifying kinase and inhibitory 
activity are heat inactivated at the same 
rate. Further evidence that phosphory- 
lation of IF-E2 is the inhibitory event 
is provided by experiments of B. 
Hardesty (University of Texas) whose 
group has shown that antibodies to the 
inhibitory factor, which prevent it 
acting as an inhibitor, also prevent the 
phosphorylation of IF-E2. The group 
from MIT have broadly similar results 
but are more cautious in their inter- 
pretation, pointing out that phosphory- 
lation of IF-E2 may be a normal event 
at some stage in protein synthesis and 
that the activation of the inhibitor may 
alter the normal phosphorylation 
pattern of IF-E2 and somehow prevent 
the recycling of the factor. The work 
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of M. J. Clemens (National Institute 
for Medical Research, London) indi- 
cates that phosphorylation alone is not 
sufficient to inhibit binding of IF-E2 
to the GTP-Met-tRNAf complex. J. A. 
Traugh (University of California) 
described phosphorylase activities iso- 
lated from a haemin-stimulated reticu- 
locyte lysate. The diagram below illus- 
trates a working model of how she 
thinks the removal and addition of 
phosphate to the initiation factor might 
be involved in the control of polypep- 
tide initiation. 


Hame 
im tive Active 
Phosphaproten Phosphopretain 
Phosphatase Prosphotase GTP 
Mei- tRNA, 
405 
Bp MP iF ~ MP inal Met-tRNA,- 405 
/ Compiles 
kS E 
Seea 
Acti Inactive 
Prole Protein 
K nose Kinase 


a a 


Herme 


Discussing the action of double- 
stranded RNA in preventing the trans- 
lation of encephalomyocarditis virus 
RNA in an L cell lysate containing 
interferon, I. M. Kerr (NIMR, Lon- 
don) concluded that there are two steps 
in the inhibition of translation and 
hinted that a protein kinase(s) may 
have a regulatory role in the activation 
of the inhibitor. In his introduction to 
the section on interferon and protein 
synthesis, P. Lengyel (Yale University) 
pointed out that the effects of inter- 
feron were probably many and various. 
This was borne out by the speakers in 
this section: no consistent picture of 
its action emerged. 


Developing systems 

Some of the best known examples of 
cytoplasmic control of protein syn- 
thesis have been observed in developing 
systems. MRNA is stored in the cyto- 
plasm and not translated until a further 
stage in development. Most of the 
speakers have approached this problem 
by studying the mRNA before and 
during its translation to see if there 
were detectable differences in its pro- 
perties. C. H. Darnbrough (University 
of Edinburgh) concluded that, of two 
populations of messengers with large 
and small poly(A) size, the latter in- 
creased and the former decreased 
during oogenesis in Xenopus. Com- 
parison of the ‘active’ MRNA isolated 
from polysomes and the stored RNA 
from ribonucleoprotein particles, led 
M. E. Buckingham (Pasteur Institute) 
to propose that in dividing muscle cells 
poly(A) tails are involved in maintain- 
ing mRNA conformation, rather than 
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ResuLts obtained by Melton and 
Giardini (page 309 of this issue of 
Nature) suggesting that oxygen not 
nitrogen might be the dominant im- 
purity in diamond pose a problem in 
the light of previous work. In 1936, 
Robertson et al. (Proc. R. Soc. Lond., 
A157, 579-593) classified diamonds into 
two types by their optical absorption 
spectra. Kaiser and Bond (Phys. Rev., 
115, 857-863; 1959) using mass spectro- 
scopy, showed that nitrogen impurity 
was the microscopic basis of this classi- 
fication; type I diamonds contained 
nitrogen, type IT did not. The nitrogen 
concentration correlated with the 
optical absorption lines noted by 
Robertson ef. al. Lightowlers and Dean 
| (Diamond Res., 21-25; 1964), using 
activation analysis, confirmed Kaiser 
and Bond’s results. In some diamonds 
the nitrogen is paramagnetic, and can 
be detected unambiguously by spin 
resonance. Thus there is no doubt that 
nitrogen is a major impurity in 
diamond——up to 0.3% —a massive con- 
centration for an impurity in a crystal. 

Kaiser and Bond also found small 
amounts of hydrogen and oxygen. 
Oxygen has been confirmed by Sell- 
schop (Diamond Res., 35-41; 1975) 
using activation analysis. 

One of the problems in determining 
the impurity content of diamond is that 
there are often trapped inclusions of 
other minerals. These are important, 
particularly to the geologist, because 
they indicate the growth environment 
of the diamond; but they may give a 
misleading picture of which elements 
can genuinely enter the diamond lattice 
as substitutional or interstitial im- 
purities. Kaiser and Bond, and Light- 
owlers and Dean used stones without 
visible inclusions. Even so, Sellschop 
has shown that all diamonds contain 
submicroscopic inclusions, and these 


conferring differential stability. T. 


Humphreys (University of Hawaii) 
reported that on fertilisation of sea 
urchin eggs messenger translation is 
increased—the messengers are stable 
but their poly(A) turns over rapidly. 
Using the same system, G. Giudice 
(Institute of Comparative Anatomy, 
Palermo) has shown that although 
capping does not cause the increase in 
translational efficiency it may be in- 
volved in mRNA selection. 

R. A. Laskey (MRC Laboratory of 
Molecular Biology, Cambridge) has 
examined the effect on endogenous 
protein synthesis of injecting polysomes 
and mRNA into X. laevis oocytes. He 
maintains that oocytes do not have 
‘extra translational capacity’ and that 
by choosing conditions that accurately 
reflect the amount of protein syn- 
thesised the endogenous protein syn- 
thesis decreases competitively with 
added exogenous mRNA. There is no 


account for most of the oxygen 
impurity. 

Using mass spectrometry, Melton 
and Giardini (Amer. Mineral., S59, 
775-782; 1974 and 60, 413-417; 1975) 
found that some macroscopic inclusions 
contain gases~—hydrogen, methane, 


nitrogen, carbon monoxide and water. 


Impurities in 
diamonds 


from John Walker 
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The most abundant element was hydro- 
gen, followed by oxygen and nitrogen. 
The results are not in conflict with pre- 
vious studies, because hydrogen cannot 
be detected by activation analysis, and 
nitrogen and oxygen need special tech- 
niques. The most comparable work is 
that of Kaiser and Bond, but even here 
there is no conflict. The latter selected 
‘“inclusion-free” diamonds, whereas 
Melton and Giardini chose crystals 
comaining inclusions, and studied the 
inclusions. 

Thus the picture of impurities in 
diamond was complicated but consistent. 
The geologist studies the inclusions; the 
physicist, the genuine diamond lattice. 
In particular the physicist, whether he 
is concerned with optical, electrical, 
mechanical or thermal properties, 
knows that type I and type H diamonds 
have quite different properties, because 
of their differing nitrogen content. 

This consistent picture has been upset 
by Melton and Giardini’s latest paper. 
They used “inclusion-free’’ diamonds, 
and instead of crushing them as 
previously, they graphitised them at 
2,000 °C like Kaiser and Bond. The 
results are surprising. “The gases re- 
leased from the diamond, in decreasing 


competition when the messenger is. in- 
jected with its own ribosomes. Laskey 
concludes that the amount of protein 
synthesised is regulated by a com- 
ponent of normal polysomes and not 
by messenger availability. 


Virus infection 

The series of lectures on the control 
of translation during viral infection was 
similar to those on masked messengers 
in development in that many interesting 
systems were described without pro- 
viding much insight into the mechanism 
of control. In general, host mRNA 
translation is suppressed at the expense 
of viral protein production. The herpes 
simplex system was described by C. M. 
Preston (MRC Virology Unit, Glas- 
gow). He has shown that the effect of 
this virus on tissue culture cells can be 
reproduced in a lysate of the cells. The 
lysate can also respond to exogenous 
mRNA, but its response is decreased 
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order of abundance, were CO, Hs, HO, | 
CO», N, CH, and Ar. The atomic 
weight percent is O= 59.2%, C= 28.1%, | 
H=10%, N=2.5% and Ar=0.2%. | 
These data are consistent with the gases | 
released by the crushing of numerous | 
other diamonds in vacuo.” i 

Since nitrogen is currently thought | 
to be the dominant impurity in dia- | 


mond, how can we explain this dis | 


crepancy? Melton and Giardini suggest | 
nitrogen contamination from the | 
carbon crucible used by Kaiser and | 
Bond. But this is unlikely because | 
Kaiser and Bond’s results are internally | 
consistent—the nitrogen concentration | 
correlated with optical absorption in | 
their crystals. And Lightowlers and | 
Dean, using a different technique, got | 
the same result. 

A possible explanation is that the | 
diamonds came from different sources. | 
This is known to affect impurity cone | 
tent. In any case, the fact that Melton | 
and Giardini’s diamonds are oxygen- | 
rich, surprising though it may be, does | 


not contradict Kaiser and Bond’s | 
results on nitrogen. Unfortunately, | 


Melton and Giardini do not give the | 
concentrations of oxygen and nitrogen | 
they found. My estimates based on their’ | 
data suggest that both lie within the | 
range of accepted values; but it would | 
be better to have the authors’ own | 
figures. 

One hopes that Melton and Giardini | 
will extend their graphitisation work to | 
diamonds from other sources, and | 
measure the optical spectra before | 
graphitisation, to check Kaiser and 
Bond’s correlations. If the same dia- | 
monds could also be studied before- 
hand by the non-destructive technique | 
of activation analysis, to compare | 
results, the puzzle would probably be | 
resolved. Diamond researchers will | 
await further results with interest. 


if the lysate is prepared from infected 
cells. The lesion can be traced to the 
ribosomes of the infected cells, since 
proteins washed off reticulocyte ribo- 
somes by salt treatment restore the 
translational capacity. R. E. Thach 
(Washington University) has shown 
that EMC RNA can ‘out-compete’ host 
mRNAs but that the competition is 
relieved by an excess of the initiation 
factor corresponding to rabbit IF-E6 
(IF-M3). L. Carrasco (ICRF, London) 
has found that after infection with 
picornavirus, changes take place in the 
cell membrane which impair the 
sodium transport system, leading to an 
increase in the cell concentration of 
sodium ions and a decrease in potass- 
ium. Experimental evidence has con- 
firmed his suggestion that increased 
sodium concentration favours the 
translation of viral, rather than host, 
mRNAs. It may be that at these 
altered salt conditions binding of initia- 


276 


tion factors to viral messengers is 
favoured—hence their preferential 
translation. 

In the section dealing with the topo- 
graphy of protein synthesis G. Blobel 
(Rockefeller University, New York) 
presented a very appealing model to 
explain the translation of mRNA for 
secretory proteins on membrane-bound 
ribosomes. It requires that mRNAs for 
secretory proteins code for an 
N-terminal peptide that is recognised 
by the membrane, resulting in the 
attachment of ribosomes to the mem- 
brane so that the growing protein is 
vectorially transported into the intra- 
cisternal space. This is illustrated in 
the diagram: the numbers indicate 
sequential steps in the synthesis of 
the protein. Bernard Mechler 
(University of Cambridge) proposes a 
slightly different scheme since he has 
to explain his observation that the 
binding of ribosomes to the membrane 
can be mediated by the mRNA directly 


Flow of superfluid *He 
from P. V. E. McClintock 


To push some of the newly discovered 
superfluid “He through a fine tube, in 
order to see how it behaved, might 
seem a particularly obvious experiment, 
were it not for the daunting difficulties 
inherent in working at temperatures 
near 2mK. In fact, it is a quite re- 
markable achievement in terms of 
experimental design and technique that 
has enabled R. M. Mueller, E. B, Flint 
and E. D. Adams to report (Phys. Rev. 
Lett., 36, 1460; 1976) the first studies 
of equilibrium flow phenomena, only 
four years after observation of the 
superfluid phases was first suspected. 
Their experiments were carried out in 
the Physics Department at the Uni- 
versity of Florida. 

Because of extreme difficulties of 
making thermal contact in this ultra- 
low temperature range, it is usually 
necessary to design the cryogenics and 
the experimental cell as an integral 
unit. Accordingly, the Florida group 
have devised an ingenious arrangement 
whereby a pair of Pomeranchuk cells 
was used both for cooling the “He into 
the superfluid A-phase and also for 
inducing a flow of liquid through the 
narrow tube which connected them 
together. 

The Pomeranchuk cooling technique 
depends on the fact that, at very low 
temperatures, “He gets colder if it is 
solidified by compression. Thus, by 
applying a mechanical force to reduce 
the volume of a sample of *He enclosed 
in a flexible chamber, thereby solidi- 
fying some of it, the remaining liquid 
may be cooled through the superfluid 


rather than its translational product. 
H. Lodish (MIT, Cambridge) showed 
that translation of the polycistronic 
Sindbis virus RNA can take place in 
the cytoplasm or on membranes using 
the same ribosomes but producing 
different proteins. He concludes that 
the N-terminus of the nascent chain 
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must specify the binding of ribosomes 
to membranes. 

The participants left the conference 
with the impression of many examples 
of cytoplasmic control of protein syn- 
thesis but few explanations of the 
mechanisms involved, an admirable 
situation sure to keep them in business 
for several years to come. a 


transition at 2.6 mK. The mechanical 
force is usually generated by way of a 
separate hydraulic system in which the 
working fluid is liquid ‘He. 

The two Pomeranchuk cells of the 
Florida apparatus were fitted with com- 
pletely separate hydraulic systems, so 
that their volumes could be varied in- 
dependently of each other. By com- 
pressing both cells simultaneously the 
‘He could be cooled without inducing 
any movement of liquid in the connect- 
ing tube. On the other hand, if one cell 
was compressed while the other was 
being expanded, then liquid could be 
made to flow through the tube at 
constant temperature. A nuclear mag- 
netic resonance (NMR) fechnique was 
used for monitoring events in the flow 
tube. 

In view of a calculation by Fetter 
(Phys. Lett., 54A, 63; 1975), it had been 
anticipated that the flow would result 
in a shift downwards of the NMR 
resonant frequency. It was surprising, 
therefore, that rather than changing its 
frequency, the resonance line in prac- 
tice developed satellites, and then 
abruptly disappeared, as the flow 
velocity was increased. Although the 
behaviour was not always reproducible 
in detail, it was found that the satellite 
structure never appeared when the 
external magnetic field was applied at 
90° to the flow direction. This may 
perhaps be related to Fetter’s prediction 
that no frequency shift should be seen 
in this configuration. A further com- 
plication was that, before its final rapid 
fall, the resonance signal sometimes 
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diminished in a series of steps as the 
flow velocity was increased. 

The most definite and interesting 
observation, however, was the remark- 
ably small velocity at which the signal 
disappeared. The exact value depended 
on temperature, but fell within the 
range 0.003-0.02 mms‘. These veloci- 
ties are several orders of magnitude 
smaller than the Landau critical 
velocity at which the superfiuidity 
would be expected to disappear as a 
result of pair-breaking, so that some 
other mechanism must presumably be 
involved. It is interesting that investi- 
gations of the heat conduction by R. T. 
Johnson, R. L. Kleinberg, R. A. Webb 
and J. C. Wheatley (J. Low Temp. 
Phys, 18, 501; 1975) also yielded 
multiple critical velocities for the super- 
fuid which were remarkably small 
(0.2-0.8 mm s7'), although considerably 
larger than the velocities reported here. 
The authors demonstrate, however, that 
the two sets of measurements may in 
fact be in quantitative agreement if it 
is assumed that the flow did not occur 
through a transfer of bulk liquid: if 
only the superfluid component of the 
liquid had moved, leaving the normal 
fluid component clamped in the tube 
by its own viscosity, it would have had 
to move relatively briskly to simulate 
a given rate of apparent bulk flow 
because it constitutes only a small pro- 
portion of the liquid at the tempera- 
tures in question. On this basis they 
deduce superflow critical velocities in 
the range 0.14-0.64 mms™, in good 
agreement with those derived from the 
thermal conduction experiments. 

Why should these critical velocities 
be so small? One is immediately re- 
minded of the parallel situation in 
superfluid “He, where the actual critical 
velocities for superflow are usually 
about Imms"', compared with the 
much larger Landau critical velocity 
for roton creation of around 50ms". 
In the case of *He, the discrepancy has 
been shown to arise from the relative 
ease with which quantised vortex lines 
may be generated in the liquid for 
flow velocities far below the Landau 
velocity. It seems very likely that some- 
thing of a similar nature is happening in 
“He. The situation is, of course, in- 
finitely more complicated because the 
liquid is governed by a vector order 
parameter, is anisotropic, and takes up 
complicated textures depending on the 
shape of the container, applied electric 
and magnetic fields, and so on. Further- 
more, it is not yet by any means clear 
what would be the analogue of a 
vortex, in the case of “He: there may 
in fact be several different sorts of 
collective excitation of this general 
nature. 

Assuming, however, that the low 
critical velocities observed in these 
experiments arise from the onset of 
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dissipative processes, it seems probable 
that at least one completely new type 
of collective excitation is being created, 
thus promising to add yet another 
whole dimension of complexity to our 
understanding of this extraordinarily 
complicated liquid. E 


Two approaches 
to gene synthesis 


from Maria Szekely 


THE recent ` discovery that synthetic 
genes can be used to produce genetic 
recombinants (see News and Views, 
260, 189; 1976) opens wide possibilities 
in the field of genetic engineering. Well- 
characterised DNA sequences can be 
inserted into plasmid DNA thus pro- 
viding specific probes with known 
sequences for studying the organisa- 
tion and expression of eukaryotic 
genomes, Amplification of the inserted 
gene yields large amounts of specific 
sequences which can be used for the 
production or isolation of highly 
labelled mRNAs, for sequence studies, 
and so on. At the same time, the safety 
risk is lessened, as no unknown, harm- 
ful genetic information can be inte- 
grated into the recombinant. 

So far only one eukaryotic gene, that 
of f£-globin, has been inserted into 
bacterial plasmids. Almost simultan- 
eously, four laboratories reported the 
production of recombinants from B- 
globin DNA, using different techniques 
but all of them starting with reverse 
transcription of globin mRNA into 
cDNA. (Rougeon et al., Nucleic Acids 
Res., 2, 2365, 1975; Efstratiadis er al.. 
Cell, 7, 279, 1976; Rabbits, Nature, 
260, 221, 1976; Higuchi et al., Abstract 
ICN-UCLA Winter Conference, 1976). 
The advantages of this technique are 
obvious, there are, however, also some 
limitations to’ ‘the: method. It follows 
from the principle of the technique that 
the DNA inserted into the plasmid can 
contain only the sequences present in 
the mRNA: any additional, non- 
transcribed sequences that may be 
present in the original gene will be 
lost. It remains to be seen how their 
absence affects the function of the in- 
tegrated gene. In practice, the limita- 
tions go even a step further : it depends 
on the efficiency of the reverse tran- 
scriptase how much of the genetic 
information present in the mRNA will 
be passed on to the synthetic gene. In 
many laboratories only fragments of 
CDNA copies could be obtained with 
this enzyme. Rougeon er al. used a 
300-400 nucleotide long cDNA pre- 
paration to synthesise the double- 
stranded globin DNA and after ampli- 
fication ended up with a 100 to 150 


base-pair long integrated globin DNA, 
about one fifth of the length of the 
mRNA. 

Maniatis’ group reported last year 
the synthesis of a full-length copy of 
globin mRNA (Efstratiadis er al., Cell, 
4, 367; 1975). A few months ago the 
same group described the sythesis of 
double-stranded globin DNA with the 
aid of DNA polymerase I, making use 
of the hairpin loop structure at the 3’- 
end of this cDNA, which served as 
primer in the synthesis of the anti- 
cDNA strand. (Efstratiadis et al., Cell, 
7, 279; 1976). They succeeded in in- 
serting this synthetic gene into PMB 9 
plasmid DNA and in their recent paper 
(Maniatis, Kee,  Efstratiadis and 
Kafatos, Cell, 8, 163: 1976) they 
describe in detail the techniques of 
integration of the DNA, transforma- 
tion of Escherichia coli cells and 
identification of the recombinant. 

The synthetic gene is 580 base pairs 
long, about 80 nucleotides shorter than 
B-globin mRNA. It contains the full 
coding region plus 40 and 110 nucleo- 
tides of the untranslated regions at the 
5S’ and 3’ termini, respectively. Mole- 
cular hybrids were constructed by 
annealing the globin DNA which car- 
ried poly(dT) tails to EcoRI-treated 
plasmid DNA to which poly(dA) tails 
have been attached. Transformation of 
E. coli HB101 with this hybrid DNA 
yielded 600 tetracycline-resistant 
colonies, a high proportion of which 
contained sequences of the £-globin 
gene, as was shown in hybridisation 
assays. The size of the inserted DNA 
did not change upon construction of 
the molecular hybrid, transformation 
and cloning. 

The method seems suitable for gen- 
eral application in the synthesis and 
amplification of eukaryotic genes. 
Maniatis’ group has already synthesised 
a number of other genes by copying 
eukaryotic mRNAs. 

It is essential for the usefulness of 
such techniques that the original struc- 
ture of the gene should be retained in 
the recombinant. Fidelity in copying 
the mRNA and stability of the DNA 
structure during integration and trans- 
formation is therefore of vital import- 
ance. Maniatis et al. characterised the 
synthetic gene and the inserted globin 
DNA after amplification by comparing 
restriction maps of the DNAs and cor- 
relating them to the structure of globin 
mRNA. Using eight restriction enzymes 
with known recognition sequences, the 
restriction map of synthetic DNA was 
established and compared with the 
cleavage pattern predicted from the 
nucleotide sequence of 6-globin mRNA. 
As only part of the nucleotide sequence 
has been determined so far, some 
cleavage sites were established by de- 
ducing the nucleotide sequence from 
the known amino acid sequence of g8- 
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globin. The restriction map of syn- 
thetic globin DNA was in perfect 
agreement with that expected from the 
mRNA structure. 

The same restriction enzymes were 
used individually and in combination 
on the recombinant DNA. By using 
Hha endonuclease, an enzyme which 
does not cleave synthetic globin DNA 
but produces many fragments from 
PMB 9 DNA, one fragment, carrying 
the inserted globin gene could be iso- 
lated and. characterised. ‘The restric- 
tion map of this fragment was estab- 
lished, and the orientation of the in- 
serted DNA and the distance between 
the restriction sites determined. These 
proved to be the same as in fhe syn- 
thetic gene before integration, confirm- 
ing that the entire synthetic globin 
DNA molecule was amplified without 
sequence rearrangements. Some slight 
changes were detected in the poly(dA)}- 
poly(dT) tails only. 

The approach used by © Maniatis’ 
group yields very useful DNA probes 
which will greatly enhance progress in 
our understanding of the structure and 
function of the eukaryotic genome. The 
success of a different, more chemical 
approach has been reported recently 
from Khorana’s laboratory : the com- 
plete gene of suppressor tyrosine tRNA 
of E. coli has been synthesised without 
using an RNA template. The techni 
ques were worked out years ago by 
Khorana’s: group, Following a known 
nucleotide sequence, chemical synthesis 
is used to produce blocks of nucleo- 
tides and the ligase reaction to join 
them. The synthetic gene contains the 
total sequence of the precursor IRNA 
and includes the sequence of the pro- 
moter site and of the stop signal for 
transcription. Twenty-four scientists 
contributed to its synthesis which has 
taken 9 years. This gene has now been 
introduced into an E. coli amber 
mutant by way of a transducing phage . 
(the details of the technique have not 
been published so far) and it was found 
to function correctly as a suppressor 
gene in the bacterial cell. 

Khorana’s method requires more 
time and work than the copying of an 
RNA template and Hs use is limited to. 
the synthesis of genes the sequence of 
which has been fully established. Still, 
this approach has some great advare 
tages over the reverse transcription of 
RNAs. The gene synthesised by 
Khorana contains also sequences” 
which are not present in the final gene 
product, sequences lost during process- 
ing of the RNA and non-transcribed 
control signals. Such segit E 
be incorporated into are 
script. The purely syi 
















ture and to “study: the 
“mutations”, It would be ir 
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see if the two approaches could be com- 
bined and a new technique developed 
which would unite the relative sim- 
plicity of the copying technique with 
the further possibilities provided by the 
methods of chemical synthesis. CJ 


New method for 
measuring nuclear 
lifetimes 


from P. E. Hodgson 


AN ingenious method for measuring 
very short nuclear lifetimes has 
recently been developed that greatly 
extends the range covered by existing 
techniques. This is an important 
advance because these lifetimes can 
often be calculated from nuclear wave- 
functions, and thus provide a sensitive 
test of the theories used to calculate 
the wavefunctions. 

Nuclear lifetimes are usually mea- 
sured by the delayed coincidence and 
the Doppler shift techniques, and 
these cover a wide range of times 
greater than about 10°’ s. For shorter 
lifetimes there has hitherto been only 
the blocking technique which is res- 
tricted to a few suitable materials. The 
new method seems likely to provide a 
way of measuring lifetimes from about 
2x107" to 6X10°% s, and thus extends 
the region of measurable lifetimes by 
more than two orders of magnitude. 

The new method is based on a very 
simple idea. If a nucleus of charge Z 
decays by electron capture to an 
excited state of another nucleus of 
charge (Z—1) a vacancy is left in the 
atomic K-shell from which the electron 
has been captured. This vacancy will 
soon be filled by a transition from a 
higher atomic state with the emission 
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of an X ray. Now if the X-ray transi- 
tion takes place before the nuclear 
state decays, its frequency is character- 
istic of the nucleus of charge (Z-—-1). 
But if the nucleus decays by proton 
emission before the X-ray transition 
takes place, then the X ray will have a 
frequency characteristic of the nucleus 
of charge (Z—2). Since these X-ray 
frequencies can easily be measured, it 
is easy to find out whether the nuclear 
decay took place before or after the 
atomic decay. In practice there is of 
course a distribution of decay times for 
both processes, so it is the relative 
proportion of the two types of decays 
that is measured and this gives the 
ratio of the nuclear and atomic life- 
times. Since the atomic lifetimes are 
well known both experimentally and 
theoretically, the nuclear lifetime is 
found. 

This method has been devised by a 
group of scientists from the Chalk 
River Laboratories and the University 
of Toronto in Canada. They have 
obtained data on the lifetimes of "Ga, 
“As “Br, and “Rb, and in their first 
publication (Phys. Rev. Lett., 37, 133; 
1976) they give details of their result 
for PAS. 

In this case the decay sequence starts 
with $ Se undergoing electron capture 
to an excited state of $ As, which in 
turn undergoes proton emission to a 
state of {5 Ge. 

The initial nucleus “Se was produced 
in the “Ca("S,2pn)°Se reaction using 
the 100 MeV beam of the Chalk River 
tandem Van de Graaff accelerator. 
After irradiation, the target was moved 
rapidly to a counting position where 
arrays of counters measured the X rays 
from the atomic transitions, the 
delayed protons from the decay of the 
As to “Ge, and the gamma rays from 
the nuclear transitions in As. 

The histogram in the figure shows 
the energy spectrum of all the X rays 
in coincidence with the delayed 
protons, compared with normalised 
curves corresponding to the decays of 
Ge and As found in independent 
measurements. It is clear that the histo- 
gram can be very well fitted by the 
sum of these two curves. 

Many states of “As can be reached 
by electron capture, so the decay pro- 
tons are themselves varying in energy. 
Since the relation between the relative 
numbers of Ge and As X rays depends 
on the proton energy, so do the life- 
times of the states of As. The lifetimes 
of the states in As vary from 2 x 10°" to 
10x 107** s. These numbers are average 
lifetimes for successive bands of states 
and rather detailed calculations based 
on the statistical theory of nuclei are 
required to interpret them in detail. 

If there had been only one state in 
As fed by the electron capture in Se 
the experiment would have given an 
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unambiguous determination of its life- 
time. The technique is clearly success- 
ful and is likely to be applied to deter- 
mine the lifetimes of many states, and 
hence to increase our knowledge of 
nuclear structure. i 


Effects of a long 
hot summer 


from Peter D. Moore 


THE unusually warm and dry summer 
experienced in Britain this year has 
undoubtedly influenced our vegetative 
cover. Apart from widespread damage 
by fire, the high temperatures and low 
water availability have themselves pro- 
duced some very evident changes. 
Roadside verges and lawns are parched, 
with only the deep-rooted rosette 
species showing signs of life. Among 
trees, birch appears particularly suscep- 
tible and dead birches are now 
abundant on heathlands and in mixed 
woodland both in the lowland and the 
upland zones of the country. 

Many of the common species affected 
will probably recover quickly and even 
if they do not, any change in status 
will be difficult, if not impossible, to 
assess. There are certain species, how- 
ever, which may merit especial atten- 
tion at this time, such as those which 
lie at their climatic limit in Britain and 
which may expand or contract their 
range as a result of the effects of this 
and preceeding summers. There are 
also those species which are restricted 
to lower altitudes in the British Isles 
because of the shorter growing season 
in higher regions; they may attain new 
heights. And there are those arctic 
alpine species which are limited by 
high summer temperatures and which 
may, therefore, be suffering. 

One species which reaches its north- 
western limit of distribution in the 
British Isles and which might be ex- 
pected to respond to the present con- 
ditions is the stemless thistle (Cirsium 
acaulon). Pigott (in The Flora of a 
Changing Britain, edit. by Perring, F., 
32, Classey, Hampton, Middlesex, 
1970) has shown that the temperature 
of the flowering head of this plant is 
critical in determining the rate of 
development of the embryo. Only in 
southern and eastern Britain does the 
plant normally produce viable seed, 
though some outlying populations in 
the north and west appear to have been 
established during exceptionally warm 
summers. 

Many plants are common at fairly 
low altitudes and yet fail to flourish on 
mountain summits because of their in- 
ability to grow adequately, or flower, 
or produce mature, viable seed, within 
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New. observations of H-8 or Lyman-a 
fluxes of a sample of 57 Seyfert 
galaxies and QSOs suggest strongly 
' that QSOs are indeed distant, bright 
Seyfert galaxies too remote for the 
faint outer structure of the galaxies 
to be observed. As well as confirming 
the now increasingly accepted view 
that the redshifts of QSOs are cosmo- 
logical distance indicators, the sug- 
gestion that QSOs are high-redshift 
Seyferts provides a new use of these 
‘ objects as cosmological probes, and 
suggests some limits on the so-caHed 
“deceleration parameter” of our 
Universe. ; 
The possibility of a link between 
= active galaxies such as Seyferts and 
QSOs has Jong been recognised in a 
qualitative sense, two touted possi- 
bilities being that explosions on the 
scale of a QSO may occur in the 
nuclei of all spiral galaxies from time 
to time, or that such violent activity 
may mark a step in the evolution of a 
proto-galaxy, after which it settles 
down into a quiet spiral with no fur- 
ther comparable activity. Supporters 
of such ideas: have had powerful 
‘Circumstantial evidence to hand in the 
observation that class I Seyferts and 
QSOs cannot be distinguished from 
their spectra alone. Both have broad 
' Balmer emission lines, narrow for- 
_ bidden lines and power-law spectra, 
the difference being that Seyferts are 
seen as active nuclei surrounded by 
visible galactic material, while QSOs 
have higher redshifts and no sur- 
rounding galaxies are seen. Because 
of the confusion effects from ‘bright 


a short growing season. Pearsall 
(Mountains and Moorlands, 49, Collins, 
1956) described his observations on the 
heath rush (Juncus squarrosus) and 
showed how the length of the flowering 
stalk, the number of flowers per 
inflorescence and the number of viable 
seeds produced per capsule are: all in- 
versely related to altitude. The pro- 
duction of viable seed for this species 
is uncommon et altitudes over 820 m. 
It is also reported, however, that the 
heath rush- produced seed on the 
summit of Ben Wyvis (1;036 m) in the 
unusually warm summer. of 1947. 
Among dowland plants, .some occur 
only in those parts of the country 
experiencing high summer. tempera- 
tures. For example, the round-headed 
rampion (Phyteuma tenerum) occurs 
mainly within the 16.6 °C July average 
isotherm. Such species may also be 
expected to extend their range under 
current conditions. Se 
Other species may find high summer 
temperatures detrimental, particularly 
species of arctic alpine distribution. 
Dahi (Oikos, 3, 22; 1951) observed that 


nuclei, surrounding galactic disks 
could not, however, be observed at 
redshift greater than 0.1—so any Sey- 
fert of class I wth z>0.1 would be 
identified automatically as a QSO. 
Weedman has now developed from 
this observation a quantitative 





Seyfert galaxies 
and QSOs 


from John Gribbin 





measure of the similarity between the 
two kinds of object (Astrophys. J., 
208, 30-36; 1976). Earlier studies 
along these lines had compared the 
fluxes from the two in a specified part 
of the observed spectrum; as Weed- 
man points out, this is not the best 
approach because the redshift effect 
means that different parts of the 
emitted spectra are shifted into the 
chosen observational window. In- 
stead, he has made measurements of 
the emission of his sample of Seyferts 
and QSOs in the hydrogen lines, 
H-8 or Lyman-a. The H-£ lines were 
measured wherever possible, but at 
large redshift these are shifted out of 
the wisible range and for those objects 
L-a can be measured instead, the 
relative strength of the two lines 
(based on. model calculations by K. 
Davidson, Astrophys. J., 171, 213: 
1972) then giving an estimate of the 
strength of the invisible H-8. 


arctic alpine apecies grown in lowland 
gardens suffered most during hot 
Summers. He has also demonstrated 
that many of these species have distri- 
butional patterns in which their imits 
coincide with iow summer tempera- 
tures. Similar observations have been 
made recently for certain arctic alpines 
in’ Newfoundland (Damman, Can. J. 
Bot., 34, 1561; 1976), for example, the 
bog baberry (Vaccinium uliginosum) 
is found only in æreas having an aver- 
age temperature in the growing season 
below 15°C. It is known that’ dark 
respiration rates of many arctic alpine 
species are’ higher than their lowland 
counterparts (Bings and Mooney, 
Biol. Rev., 43, 481; 1968) and since 
respiration is stimulated by high tem- 
peratures, the plant could experdence 
difficulty in maintaining a positive 
carbon balance during a hot ‘summer. 

- One species which does appear to be 
suffering in upland Britain this year is 
the bilberry (Vaccinium myrtillus). This 
is a species which dominates some open 


moorlands in the uplands of western. 


Britain, yet is found only under a 


The results show clearly a comtin- 
uous smooth distribution of lumin- 
osity in line with the cosmological 
interpretation of the redshifts of these 
objects. The range covered, equiva- 
lent to 11.5 magnitudes, is large, but 
as Weedman points out still less than 
the Juminosity range of main sequence 
stars. Accepting this as confirmation 
that QSOs are simply bright class I 
Seyferts, this immediately provides a 
new probe of the Universe extending 
over a wide range of redshifts, and 
Weedman points out some preliminary 
conclusions from this which set limits 
on some cosmological parameters. In 
particular, the luminosities of high 
redshift QSOs (which are now re- 
garded as high-redshift Seyferts) are 
relatively faint, suggesting that either 
there is some limit to the brightness 
of these objects or that the decelera- 
tion parameter of the Universe, q, 
is negative. This tentative first con- 
clusion is, however, less important 
than the fact that at last seems pos- 
sible that QSOs can be used with 
confidence as genuine cosmological 
probes to define the structure of our 
Universe on the large scale, and to 
rule out some of the large family of 
possible models now applied to the 
Universe. The problem of the energy 
source of QSOs remains, of course 
(even if there is some upper limit), 
but here too it seems that this prob- 
lem can now be approached from a 
new and promising direction by in- 
vestigating the more easily studied 
and nearer members of the family, the 
Seyfert galaxies. 













































woodland canopy in the east and in 
continental Europe. Méicroclimatic 
factors, possibly involving temperature 
and humidity may therefore be critical 
for its survival This summer the open 
populations of the west are showing 
evident signs of stress when unprotected 
by a tree cover. It is possible that its 
reduced vigour will allow such species 
as the heether (Calluna vulgaris) to 
spread at its expense. 

Our freak summer offers valuable 
opportunities to increase our under- 
standing of many plant species and one 
can only hope that any ensuing changes 
in vegetation will not remain unre- 
corded. This may be an appropriate 
time to mobilise that large and wHling 
labour force, the amateur botanists, to 
undertake a census of selected plant 
species on the model of the British 
Trust for Ornithology’s common bird 
census. Perhaps the Botanical Society 
of the British Isles is the appropriate 
organisation to initiate such a census 
which could begin to provide an answer 
to the question how responsive and 
fluid is our flora? CJ 
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Structure and function of 


haemocyanin 


from J. V. Bannister and H. A. O. Hill 





The 


V Haemocyanin Workshop 
sponsored by the European Molecu- 
lar Biology Organisation was held on 
August 1-4, 1976, at the new Marine 
Biology Laboratory of the University 
of Malta. The meeting was organ- 
ised by the Department of Physi- 


ology and Biochemistry of the 


University. 





THe haemocyanins are multisubunit 
copper proteins with respiratory func- 
tion found in arthropods and molluscs. 
The molecules are of giant size with a 
molecular weight of up to 1 million in 
arthropods, 4.5 million in cephalopods 
and 9 million in gastropods. The 
stoichiometry of oxygen binding is one 
O, per two Cu and the copper content 
indicates a minimum functional sub- 
unit of 75,000 in arthropod and 50,000 
in molluscan haemocyanin. Subunits 
of 75,000 molecular weight appear to 
exist in arthropod haemocyanin and 
can be regarded as monomers. The 
monomer molecular weight in mollus- 
can haemocyanin has not been fully 
resolved. 

The study of the structure and be- 
haviour of these extra-large molecules 
is a matter of real importance, providing 
as it does a stepping stone to the under- 
standing of the regulation and assembly 
of still larger biological structures, such 
as microtubules or ribosomes (J. 
Wyman, University of Rome). Three- 
dimensional image reconstruction from 
electron micrographs has provided a 
model for gastropod haemocyanins 
(Mellema and Klug, Nature, 239, 146; 
1972) which showed the molecule to 
consist of a hollow cylindrical drum 
closed at both ends with material of 
fivefold symmetry (“collar”) contain- 
ing a “cap” in the centre. The wall has 
approximately tenfold rotational sym- 
metry and consists of 60 quasi- 
equivalent morphological units bounded 
by two dominant sets of helical grooves. 
E. F. J. Van Bruggen (University of 
Groningen) presented results on the 
possible folding of a long polypeptide 
chain in the strongly curved wall seg- 
ments from a half molecule. A segment 
would accommodate one-twentieth of 
the molecule of Helix pomatia haemo- 
eyanin and one-fifth of the fivefold 
“collar”. The “cap” of Mellema and 
Klug is thought to be an artefact. It 
has proved difficult to dissociate gastro- 


pod haemocyanins into material 
smaller than one-twentieth of the 
molecule (about 450,000 molecular 


weight) without breakage of peptide 
bonds. The twentieths have therefore 
been regarded as the monomers of 
these haemocvyanins. If so a monomer 
contains about nine oxygen binding 
sites or “domains”. C. Gielens (Uni- 
versity of Leuven) showed that two 
sites between the domains are 
susceptible to proteolysis. Various 
proteolytic enzymes including sub- 
tilisin, papain and Pronase give 50,000 
molecular weight fragments with 
whelk, Murex trunculus haemocyanin 
(J. Bannister, University of Malta). 
Similar fragments were observed after 
prolonged reduction followed by car- 
boxymethylation of the haemocyanin. 
The protomer may therefore be as 
small as a single O: binding domain in 
this haemocyanin. 

The structure of arthropod haemo- 
eyanins seem less perplexing. The 
assembly of 60S molecules in Limulus, 
and 34S in scorpion and tarantula hae- 
mocyanins, from 16S subunits was dis- 
cussed (E. F. J. Van Bruggen, 
University of Groningen; J. Lamy, 
Universitv of Tours: B. Linzen and R. 
Loewe, University of Munich). Each 
16S particle contains six monomers 
(SS). B. Salvato (University of Padova) 
questioned this structure of the 16S 
subunit in Limulus haemocyanin. W. 
Love (John Hopkins University) re- 
ported the conditions in which whole 
molecules of Limulus haemocyanin and 
some of its subunits can be crystallised. 
The crystal forms from which pre- 
liminary X-ray data were obtained are 
still unsuitable for high resolution 
structure analysis and conditions are 
being sought for the growth of more 
suitable crystals. The 60S whole mole- 
cule is predicted by X-ray diffraction 
to consist of about 50 subunits of 
which there are at least nine different 
kinds present in unknown ratio. 

Limulus haemocyanin can be dis- 
sociated into five distinct subunits 
(T-V) of about 66,000 molecular weight. 
The fully associated molecule is there- 
fore a  48-meric structure. Van 
Bruggen discussed the association of 
subunits I-V as seen in electron micro- 
graphs. The 5S structure is a roughly 
spherical protein particle with a 
diameter of about 65 A. None of the 
separated subunit fractions was found 
to be capable of forming an intact 60S 
structure by itself. The 60S structure 
is formed by the stacking of two- 
bridged tetramers probably in a 
staggered arrangement. The hetero- 
geneity of the 5S subunits was demon- 
strated in scorpion haemocyanin by 
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Lamy. Six subunits could be isolated 
from the haemocyanin, one of which— 
subunit 4—-was shown to have a par- 
ticular ability to polymerise in one, 
probably hexameric 16S particle. 
Until now the O; bound in haemo- 
cyanin has been considered to form a 
peroxo complex with two Cu(IT) atoms. 
R. Lontie (Leuven) proposed con- 
sideration of a Cu(l).. . Cu(II) com- 
plex. X-ray photoelectron spectroscopy, 


however, indicates that Cu in oxy- 
haemocyanin is cupric because the 


2ps2 and 3p3. binding energies of the 
Cu are similar to those in Cu-Zn 
superoxide dismutase (H. Van der 
Deen, Groningen). 

Oxyhaemocyanins have a strong 
absorption band in the near ultraviolet. 
Photo-oxidation experiments with light 
at the absorption wavelength show that 
tryptophan is located near the copper- 
oxygen site (G. Jori, Padova). M. De 
Ley (Leuven) proposed that photo- 
oxidation of haemocyanin results in 
the activation of oxygen by tryptophan. 

Haemocyanins show both a reverse 
and a normal Bohr effect. Cooperativity 
is observed with whole or half mole- 
cules and is mediated by divalent ions 
or high tonic strength. The O: equilib- 
rium and kinetics of gastropod and 
arthropod haemocyanins were discussed. 
Undissociated Panulirus interruptus 
haemocyanin under conditions of co- 
operative O; binding was reported to 
show a non-autocatalytic oxygen dis- 
sociation behaviour (H. Kuiper, 
Groningen). Temperature-jump studies 
showed that the oxygenation reaction 
is heterogeneous in Limulus haemo- 
cyanin and its isolated subunits (C. 
Bonaventura, Duke University Marine 
laboratory). The reverse Bohr effect in 
Buccinum haemocyanin was investi- 
gated by E. Wood (University of 
Leeds). The kinetic explanation for 
this efect was reported to be that the 
dissociation velocity constant was 
strongly pH-dependent whereas the 
association explanation was reported 
for a positive Bohr effect except that 
the pH dependency of the velocity 
constants goes in the reverse direction 
(M. Brunori, University of Rome). 

The question of whether molluscan 
and arthropod haemocyanins are similar 
because of convergence or are homo- 
logous and have descended from a 
common ancestral gene remains un- 
answered. A. Ghiretti-Magaldi (Padova) 
showed that the available amino acid 
compositions of several arthropod and 
molluscan haemocyanins can be used 
to reconstruct a consistent evolutionary 
tree. 

Since the first Haemocyanin Work- 
shop in Naples 10 vears ago, much 
progress has been achieved but never- 
theless, the protein is proving to be 
more difficult to study than was first 
imagined. G 
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Cyclic climatic variations in climate over the past 
5,500 yr reflected in raised bogs 


Bent Aaby 


Geologica! Survey of Denmark, Thoravej 31, DK-2400 Copenhagen NV, Denmark 





Investigations of Danish raised bogs apparently indicate 
cyclic long term climatic variations with a periodicity 
of about 260 yr over the past 5,500 yr. The result could 
be used for modelling future climatic trends. 
—_—— Y S 
RAISED bogs represent a special type of peat bog. they are 
lens shaped, and highest in the centre. They receive no 
minerogenic water from their surroundings, but have their 
own water regime, with all of the moisture supplied from 
the atmosphere, as rain or snow. The humidity in the upper 
peat layers depends, therefore, essentially on precipitation, 
temperature and evaporation, a fact which makes raised 
bogs very sensitive to variations in climate. 

Though past climatic changes are reflected in raised bogs 
as variations in the degree of decomposition (or humifica- 
tton) of the peat, interpretations are not straightforward. 
For example, a trend towards accumulation of more light 
coloured peat (decreasing humification) indicates increasing 
humidity in the bog, which may be attributable either to 
higher precipitation or lower temperature, or to a com- 
bination of the two. It is not possible to identify which of 
the two parameters is responsible, or to tell exactly how 
drastic or persistant a recorded climatic change may have 
been. The opposite shift, from light to dark coloured peat, 
does not necessarily depend only on climatic paremeters, 
because peat formed under stable climatic conditions will 
also show the same trend in decompositional behaviour, 
since the increase in the relative distance to the water table 
changes as new peat accumulates, Shifts to drier bog con- 
ditions are therefore ignored as indicators of climatic 
changes. 

Although changes from dark to light peat formation may 
indicate climatic shifts, local conditions, such as surface 
drainage patterns, may also affect patterns of peat forma- 
tion. It is therefore important to investigate large open peat 
sections to distinguish widespread alterations (to be found 
at three or more places in a section) from local alterations. 
The surface of raised bogs from suboceanic areas comprises 
drier hummocks and wetter hollows. General variations in 
the water regime often cause an alteration in their dis- 
tribution pattern (Fig. 1). 

From the rather stationary centre the hummocks trans- 
gress in stable and/or dry periods and regress when 
conditions become generally wetter. A theoretical section, 
based on the Draved bog profHle is shown in Fig. 1B. It can 
be demonstrated that Draved hummocks have existed at 
the same place for more than 2,500 yr, contrary to the 
theory of cyclical hollows/hummock succession (see, for 
example, ref. 1). Accordingly, an autonome succession 
between hollows and hummocks cannot have been res- 
ponsible for the observed shifts in peat formation. 

The hollow peat is more likely to reveal a detailed record 


than the hummocks, where smaller variations in the 
humidity are not registered. Levels corresponding to the 
transgression and regression stages of the hummocks can 
be detected by measuring humification variations in the 
hollows. 


Obtaining the material 

I investigated a number of large, open peat sections in 
five raised bogs in Denmark. All of the bogs cover a rather 
extended area (more than 200ha), and the sections 
are situated in the central part of the bogs. The degree of 
humification was measured by the colorimetric determina- 
tion (see ref. 2). A humification curve is shown in Fig. 2, 
together with the relative frequency of two rhizopod genera. 
These genera occur in raised bogs connected to the maist 
part of the bog surface. Population frequencies reinforce 
indications of past changes in the water regime on the bog, 
as reflected in the humification curve. 

Levels reflecting past climatic changes have been dated 
using the radiocarbon method. From Draved Mose a 
time/depth scak? based on 55 radiocarbon dates has 
been used. In the other cases one or two samples above and 
beneath levels in question have been dated. The “C dates 
have further been calibrated to calendar years in accordance 
with the American bristlecone pine chronology (see ref. 3). 

Figure 3 shows the dates of climatic shifts as determined 
in Danish bogs. Some dates are identical within statistical 
uncertainty, reflecting the general character of the climatic 
events. For example, the onset of colder and/or more humid 
weather conditions around ap 500 thas been recognised in 
four different bogs‘. The dates seem to be systematically 
distributed in time. Generally, there is a time interval of 
around 260 yr between palaeoclimatic shifts, as indicated 
in the left-hand side of the figure; but sometimes there is 
the double time span, 520 yr, between shifts. The reason 
could be that the intermediate climatic changes were too 
weak to be reflected in the bogs (for example, the missing 
shift around ap 1800, see Fig. 4), or that data are too 
sparse to show missing events. A few dates seem not to 
accord with the supposed periodicity (at ~ 1400 Bc and 
~ 2000 Bc). 

Although the raised bogs do reflect past climate, not 
every climatic shift is indicated in the peat structure 
because the rate of decay is rather slow. The degree of 
decomposition may therefore rather depend on general 
environmental conditions during an extended period’. When 
light, weakly. decomposed peat was formed, wet periods 
were more frequent: than dry ones, while opposite condi- 
tions prevailed when dark peat formation predominated. 
Raised bogs are therefore supposed to react as biologica! 
low pass filters only reflecting general tong term tendencies 
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Fig. 1 A, Part of a 30-m long peat section from the central part of B Hummock peat Hollow peat 
Draved Mose. The bog lies on aeolian sand. Peat formation GHEE: 
began about 5500 sc. a, Slightly humified, sphagnum—vaginatum Be YY YW). > p LL 
peat: b, moderately humified sphagnum—vaginum peat; c, highly Wy Yj Z ile air he, 
humified sphagnum-vaginum peat; d, disturbed peat layer; f Wy Yi We is C tiie 
e, hydromor; f, sand; g, charcoal layer; s, sampling sites. Top, YJ, a ~ 
visual variations in peat colour, together with distinct charred LE VAD RY Ze , 
layers. Highly humified peat (c) dominates most of the section ld e a A 
at about 1,873.5 m (at sampling site S,) and at 1,879.0 m, where Wet MOLY: 
two hummocks have existed for more than 2,500 yr. From the v- F OO 
rather stable centre the hummocks transgress in dry periods and waDry &Z a 
regress when it becomes generally wetter (see B), Bottom, : Ly 
Lage 


Approximately synchronous levels. Based on the three distinct 
charred layers (two lying close together at 16.90-16.95 m and 
one at 17.60 m) and 55 radiocarbon dates from sampling site $4, 
the bog development in this area has been reconstructed. General 
changes from dark to light peat formation occur nine times 
(see the symbols). The dates of changes are given rounded off to 


in climate, and the 260-yr cycle seems to be the shortest 
periodicity revealed. 

This interpretation of changes in the degree of humifica- 
tion is supported by historical evidence from the past mil- 
lennium. From England a temperature curve for the past 
1,100 yr is available (Fig. 4). If the curve is smoothed by a 
200-yr low pass filter it shows the same general climatic 
trend reflected in the Danish bogs. The latest period of 
colder/wetter climate previously detected from raised bogs 
occurred during the first part of the sixteenth century, that 
is, at the beginning of a temperature decline corresponding 
to the onset of the “little ice age”. The preceding change 
in peat formation patterns (in the middle of the thirteenth 





the nearest 50 yr. B, Theoretical peat section, showing that the 
hummock area increases in dry periods, and becomes smaller 
in wetter periods, 


century) seems to correspond to the end of the mediaeval 
warm periods. The English temperature curve before 
ab 1100 is rather uncertain (H. H. Lamb, personal com- 
munication) and cannot be used for control purposes. Ice- 
isotope investigations, however, indicate that colder condi- 
tions prevailed around ap 1000, as do the Danish bogs. 
Younger variations from dark to light peat formation thus 
apparently reflect climatic changes and the same is prob- 
ably true for older peat variations. Figure 4 also shows 
that there may be little (probably less than 50 yr) or no 
time lag ‘between dated humification changes and the 
beginning of long term climatic trends. 

Following the most recent humification change during 
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Fig. 2 Degree of humification and content of two rhizopod genera 
ina. vertical peat column in hollow peat from Draved Mose 
(S,, Fig. 1). Arrows, Levels assumed to reflect climatic shifts. 


the first part of the sixteenth century, another change 


should have occurred during part of the eighteenth century. 

It may indeed be noticed that a decrease in temperature 

-. occurred at that time on the England temperature curve 
oooi (Fig. 4). That cooling trend was distinctly weaker than pre- 
< ceding ones in the thirteenth and sixteenth centuries, and 
< was perhaps too small to leave traces in the Danish bogs. 





= Statistical calculations 
_ A Statistical test was made to check the significance of the 
apparent periodicity of humification patterns, and also to 
determine more accurately the length of the period. 
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Fig. 3 Record of climatica conditioned shifts from dark io 

light peat formation, derived from sections in 5 Danish raised 

bogs. Dotted lines, dates of changes reflected in Draved Mose: 
full lines, results from other bogs. 
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Groups of dates in Fig. 3 differing by less than the- 
Statistical uncertainty of the datings have been considered 
as reflecting the same climatic events, dated to an arith-— 


metic mean. This procedure reduces the number of events 








under consideration from 39 to 17, each having a smaller 
statistical dating ‘uncertainty than if the dates were 
considered independently. | 

Series of dates were established with cons! At 
intervals T =250, 260 and 270 yr, respective 
value of T the phase of the series was 
minimise the deviation of the observed dates of events f 7 
the expected dates; for example, ap 1520 was used as the 
youngest date in the series T=260 yr. It was assessed 








Table 1 Distribution tests of dates indicating climatic changes (see Figs 3 and 54) from three cyclic periods* 


250 yr 
Me cist Accepted 
3 | Significance level i 20% 


Uniform distribution test 


Normal distribution test 
Significance level 
Minimised standard deviation 








arithmetic mean of the dates, which minimises standard deviations. 


260 yr 270 yr 
Refused Moderately accepted 
<1% 9% 
Accepted Moderately accepted 
TLA 5% 


-+74 yr 


* Dates lying close together in time are supposed to reflect the same variation in climate and are only taken as a single event, dated to the 
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whether the deviations from the three periods were 
uniformly distributed over the entire interval. Table 1 shows 
that this seems to be the case for T=250 years, indicating 
no periodicity of that length. 

The deviations’ in the two other series may show a 
systematic variation, and the probability that they are 
normally distributed has been tested (Table 1). Both the 
normal distribution test and the standard deviation test 
identify 7=260 yr as a significant periodicity in the original 
series of events (Fig. 5). The standard deviations on the 
calibrated radiocarbon dates were not included in the cal- 
culations, but it seems likely that the calculated standard 
deviation in Table 1 is of the same order as, or slightly 
smaller than, the standard deviation of the individual 
calendar dates. This may indicate that in most cases the 
standard deviation is attributable to the uncertainty m the 


dating method. I thus propose that a major long term. 


fluctuation in climate has had a rather distinct cyclicity with 
a periodicity of about 260 yr during the past 5,500 yr in 
north-western Europe. 


Fig. 4 Relationship between long term trend of temperatures in 
central England, shown as 50-yr means, and dates of climatic 
shifts indicated by bog investigations (full Lines). Temperature 
curve based on instrumental observations back to ap 1700, and 
before that time on historical records; the oldest part is rather 
uncertain (H. H. Lamb, personal communikation). The curve 
has been smoothed by a 200-yr low pass digital filter (see refs 5 
and 6). An ected change in peat formation around ap 1780 
was not found in the bog profiles and ıs shown as a dotted line. 
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Fig. 5 a, Deviation (yr) from a climatic periodicity of 260 yr, 

beginning in AD 1520 (see Fig. 3). b, The same calculations based 

on the assumption that s dated to almost the same time 

(using 1C analysis) are strictly nous and dated to the 

mean of the dates. c, The actual bution of the 17 deviation 

dates from b compared with the normal distribution curve having 
the same mean and variance. 


Future climate 


To demonstrate periodicity, a time span of generally more 
than 10 times the length of the individual periods concerned 
must be considered. In this investigation the time interval 
has been extended to about 5,500 yr, or more than 20 times 
the length of the period in question. It is therefore justifi- 
able to use the observed periodicity to predict future 
climatic trends. This suggests that a general trend towards 
decreasing mean temperatures and/or wetter conditions 
may begin in the last part of this century or in the first part 
of the twenty-first century in north-western Europe. 

Predictions of long term trends in climate have previously 
been based on ice-isotope’ and tree-ring*’® data from the 
past millennium, and even though these predictions essen- 
tially agree, caution must be applied in interpretation parti- 
cularly as a physical explanation for climatic changes is 
still lacking. Pollution of the atmosphere may turn out to 
be a dominating factor in the future". Perhaps resulting in 
climatic trends different from projected natural trends. 

On the other hand, the Danish bog data could contri- — 
bute to the design of an atmospheric model sufficiently 
reliable to provide some hints as to the future trends. 

I am grateful to Niels Reeh, for statistical calculations, 
to W. Dansgaard and S. T. Andersen for criticism. 
I also thank H. Tauber, The Danish “C Laboratory, H. H. 
Lamb, University of East Anglia and E Kutzbach, The 
University of Wisconsin. for assistance and comments. 
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On the basis of chemical considerations and model building, 
the Watson—Crick concept of complementary base pairing 
is extended to a wider range of DNA pairs than A-T and 
G-C (including A-C, G-T, A-A, G-G and G-A) by invoking 
imino or enol tautomers (or protonated species) and syn 
isomers. The virtual absence of these additional base pairs 
from DNA is explained in terms of the low frequency with 
which these unfavoured forms occur and the two-step 
mechanism of DNA synthesis, whereby residues are first 
incorporated by the DNA polymerase and then checked. 
This base-pairing hypothesis is used to explain the origin, 
nature and level of spontaneous substitution mutations, 
their enhancement by base analogues, and the unique effects 
of certain mutator alleles. 





ALTHOUGH the bi-helical complementary base-paired structure 
of DNA implies mispairing events as the principal means for 
generating substitution mutations, a general mechanism for 
mispairing has not emerged. Watson and Crick did suggest as 
part of their formulation of replication that spontaneous muta- 
tions might be due to the occasional occurrence of a pu—pyr 
pair with a base in one of its less likely tautomeric forms!. But 
while plausible, this suggestion fails to explain the observed 
frequencies of spontaneous substitution mutations, 107® to 10712 
per base pair synthesised’, simply from the estimated frequencies 
of unfavoured tautomers in solution, 10-4 to 1075 (refs 3-6). 
Moreover, while pu-pyr mispairing events involving minor 
base tautomers have been conceived as a qualitative rationale 
for the origin of transitions, a comparable set of mispairs leading 
to transversions has not been proposed. A mispairing rationale 
for the mechanism of many chemical mutagens is also wanting. 

We describe here a general base-pairing hypothesis that 
explains both qualitative and quantitative features of substitu- 
tion mutations. This hypothesis is based on well recognised 
chemical features and isomeric equilibria of nucleotides and the 
notion that the expression of these equilibria accounts for the 
level at which mispairing events occur. The hypothesis depends 
on two principal assumptions. The first is that there is a wider 
set of complementary base pairs than the two proposed by 
Watson and Crick’, A-T and G-C, that are compatible with the 
steric constraints of a regular DNA helix (Fig. 1). The non- 
Watson—Crick complementary pairs constitute mispairs of two 
types, pu~pyr, which can give rise to transitions, and pu—pu, 
which can lead to transversions. The frequency with which such 
mispairs occur is due mainly to the manifestation of the 
equilibrium constants for the isomerisation processes required 
for their formation, that is, keto-enol and amino—imino 
tautomerisation of the base moieties for the pu~pyr mispairs 
and both such tautomerisation and anti-syn isomerisation about 
the glycosyl bond of the nucleoside moiety®® for the pu—pu 
mispairs. These two classes of mispairs can give rise by single 
mispairing events to all conceivable substitution mutations 
involving the commonly occurring nucleotides in DNA (Table 1). 

The second major assumption is that there are two oppor- 
tunities to express the relevant isomeric equilibria involved in 


particular mispairing events during the process of adding a base 
pair, first during catalytic incorporation of the new base on the 
growing strand, and again during a checking step, This results 
in the relevant equilibria limiting the frequency of mispairing 
to the level seen in biological systems. 

Using these two assumptions, we are able to explain a wide 
range of mutagenic phenomena, including: how mispairing for 
each conceivable type of substitution mutation can lead to the 
frequencies observed in vivo; the rate observed for transitions 
and transversions’®; the origin of the unidirectional effect of the 
Treffer’s mutator gene on the A~-T-+C-G transversion'’"*; and 
the specificity of the base analogues 5-bromouracil! (5-BrU) and 
2-aminopurine (2-AP) in inducing transitions but not trans- 
versions’, In what follows, we present the essential features 
of the hypothesis and the way in which it explains these basic 
phenomena of mutagenesis. A preliminary report of this work 
has been made’. 


Chemical plausibility of proposed base pairs 

Each of the proposed mispairs with the H-bonding schemes 
indicated in Fig. 1 was studied by model building and shown 
to be sterically compatible with a Watson-Crick helix. More- 
over, base oppositions corresponding to each of these mispairs 
have been shown experimentally to take up intrahelical 
conformations in long polynucleotide helices dominated by 
Watson—Crick pairs (ref. 16 and M.D.T., H. Chen and J. R. F., 
unpublished). By contrast, those base oppositions not invoked 
for mispairing events (pyr-pyr), were experimentally found to 
take up only extrahelical conformations in such polynucleotide 
helices (refs 16, 17 and J. Balcerski, M.D.T., and JRE. 
unpublished). Moreover, these oppositions could not be 
satisfactorily built into a regular DNA helix as base pairs. The 
proposed pu—pyr mispairs conform precisely to Watson—Crick 
helia geometry, whereas the proposed pu-pu mispairs require 
a slight (~ 9°) distortion of the glycosyl bond angle of the base 
in the syn configuration without any effect on the glycosyl bond 
separation distance. Distances between H-bonded atoms are 
standard. Finally, there is much chemical and crystallographic 
evidence for the occurrence in certain small molecules of the 
invoked unusual base tautomers*~®"* or nucleoside isomers 
(reviewed in ref. 19). 


Mispairing and DNA synthesis 

DNA synthesis seems generally to be a two-step process, 
involving an incorporation reaction, followed by a checking 
reaction?’ In the cases of bacteriophage T4 (ref. 21) and 
Escherichia coli®* at least, both these catalytic activities reside 
in a single polypeptide. We assume that the synthetic element of 
these polymerases does not directly sense the incorning base; 
instead, the whole DNA synthetic apparatus, consisting of 
several different proteins in addition to the polymerase**“ 
confers a fixed orientation on the immediate template residue 
and fixes the orientation and the glycosyl bond separation 
distance at the growing strand end. Covalent incorporation of a 
complementary nucleotide is seen as involving nucleoside 
triphosphate binding to both the polymerase on the synthetic 
apparatus and the geometrically constrained template residue 
in a specific way that is determined by H-bonded base pairing. 
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This binding of monomer is followed by catalysis of phospho- 
diester bond formation as a natural consequence of comple- 
mentary base pairing, since only then is the polymerase catalytic 
site and the 3’-OH of the growing strand in position to attack the 
a-B pyrophosphate bond of the nucleoside triphosphate. The 
polymerase-catalysed reaction therefore incorporates any 
nucleotide when its base is in an isomeric form that allows a 
complementary pair and discriminates effectively against all 
others. This mechanism presupposes that once productive 
pairing or mispairing occurs, isomeric re-equilibration is pre- 
vented because the synthetic apparatus, perhaps by inhibiting 
the breathing of base pairs or by excluding water, makes the 
H-bonding donor and acceptor sites of the bases inaccessible 
to the water required for tautomerism, Thus, not only the 
Watson-Crick base pairs, A-T and G—C, will be incorporated, 
but also the complementary mispairs, which after another round 
of replication show themselves as substitution mutations 
(Table 1). 

At this stage, mispairs involving only unfavoured tautomers 
will have occurred at a level reflecting the sum of the frequencies 
of unfavoured triphosphate tautomers and of such tautomers in 
the template residue (since equivalent A-C and G-T pairs 
occur when either the template or the monomer residues are 
in the unfavoured tautomeric form). By contrast, mispairing 
involving syn isomers will occur at a level reflecting the product 
of the frequencies of the required unfavoured tautomer in the 
template strand and the syn nucleoside triphosphate. Syn 
isomers are forbidden in the template strand since, at the outset, 
those residues are anti in a regular DNA helix’, and both the 
stacking in the single-stranded template segment and the 
rigidity imposed by the synthetic apparatus must create a large 
barrier to rotation about the glycosyl bond. Thus, those mis- 


Fig. 1 


Nature Vol. 263 September 23 1976 


pairings that lead to transitions will have been introduced to a 
level of 10% to 10 (the frequency of unfavoured tautomers), 
while those leading to transversions will have been introduced 
to a level of 10°! to 10% times ~ 10>! if the syn base is G*? 
or times ~ 5x107? if it is A>". Thus, the fidelity in this 
synthetic step is greater for transversions than for transitions. 
These values are, of course, far greater than the biological levels 
of mutation. 


Mispairing and the checking step 

Once incorporated, a base pair must be checked to increase the 
level of fidelity by some mechanism that can remove mispairs 
with great efficiency. A mechanism by which this might be 


activity in the polymerase moieties of bacteriophage T4 and 
E. coli”? *?, which apparently excises unpaired residues at the 
growing strand terminus”. In higher species there are indications 
that this activity may be relegated to a separate molecular 
entity?®, 

It is reasonable to assume that the isomeric equilibrium con- 
stants are about the same for the residues of the new terminal 
base pair as for the triphosphates and for the template residues. 
In the interval between release of the new base pair by the poly- 
merase and the coming into position of the 35° exonuclease 
moiety, there is renewed opportunity for breathing and accessi- 
bility of solvent. Therefore. we expect for transitions the same 
isomeric equilibria manifest tn the synthetic step to be expressed 
once again during the checking reaction. The checking of 
transition mispairs should thus lead to a squaring of the fidelity 
level of the synthetic step, that is, a total fidelity of 10°" to 
10°. For transversions, however, the situation is more com- 
plex. For this class of substitutions, also, tautomeric re- 


The complementary base pairs that can be formed from the DNA bases A, G, T, and C are illustrated. The isomeric forms of the 


bases that predominate in ‘physiological’ conditions allow only the two Watson--Crick pairs (a, b). Tautomerism involving only one proton 
transfer gives rise, however, to two equivalent pairing schemes each for the pu~pyr pairs, A-C (c, e) and G-T (d, f) and ane scheme each 
for the pu-pu pairs A-A syn (@), G-G syn (A), A-G syn (4) and G-A syn (J). There is no way of constructing a complementary pyr—pyr pair. 
Note also that the glycosyl bonds of pairs a-f are twofold symmetry related regardiess of which strand is the fixed template, whereas pairs 
g-j are complementary only when the anti residue is on the template. The enol form of either G or T leads to a G-T pair with three H 
bonds (d, f), whereas the imino form of either A or C makes for A-C pairs with two H bonds (c, e). The imino form of A also makes possible 
A-G (í) and A-A (g) pairs with two H bonds, provided that the second base G and A, respectively, is in the syn configuration. It should 
be noted that the A-G pair shown in (/) can also be achieved by protonation of the A residue at NI without tautomerism to the imino form 
at approximately the same cost in energy. Base pairs involving two H bonds are possible between a tautomerised G and either A,,, or 
Gov U/, A). Here, the conventional enol tautomer of G may give rise to a close contact between a 2-amino hydrogen of G and the C8 
hydrogen of the opposing Asyn Or Gsy,_, or else this C8 hydrogen may be restricted from H bonding to water. Therefore, a chemically 
possible minor tautomeric form of G is used instead, an enol, imino tautomer formed by transfer of a 2-amino hydrogen to the 6-oxygen to 
achieve G-G,,, and G-A syr 
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Table 1 Pathways for substitution mutations 
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Pathways are shown whereby every conceivable transition and transversion can occur b 
Watson—Crick complementary base pair Note that whereas transitions can occur with 


Base par ——> Mispair ————>» Mutation 
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single mispuring events that each involve a non- 
strand of a base par, transversions are viewed as 


occurring only on the strand with the punne template residue since pyr-pyr muspairs arc not believed to occur with any significant frequ ncy. 
*, Base in a minor tautomenc form; syn. the unfavoured configuration about the glycosyl bond of that residue (see Fig. 1). Arrows indicate 


rounds of replication. 


equilibration of template residues is expected in the checking 
step; but re-equilibration of the syn configuration of the 
terminal residue is unlikely because the activation energy for 
rotation about the glycosyl bond of an incorporated residue 
stacked on its neighbour should be much larger than it is in the 
entering triphosphate Consequently, the exonuclease step 
should enhance fidelity only by the frequency of the minor 
tautomer in the template residue, that ts, by another factor of 
10~ to 10—. Therefore, the total fidelity for transversions wil] 
be less than the square of that achieved in the first step, amount- 
ing to 10 to 5x 10-18, which is nevertheless greater than that 
for transitions. It follows that in systems lacking the exonuclease 
function, substitution mutation rates will be as expected from 
the first step alone. 


Evaluation of the hypothesis 

In evaluating the hypothesis, we have considered the literature 
on nucleic acid chemistry, on the specificity of in vitro and in 
vivo nucleic acid biosynthesis and on the mechanism of muta- 
genesis. We have not found any experimental! observations that 
could not be interpreted in terms of our two principal assump- 
tions. Here, we describe three important types of observations 
on substitution mutations that illustrate the consistency 
between hypothesis and observation. 

(1) One of the major probes of the mechanisms of muta- 
genesis involves studies with compounds that induce or enhance 
the level of spontaneous mutations From the work of Benzer 
and Freese, in particular, it has been established that certain base 
analogues are highly specific in inducing transitions only!3-27, 
For example, pyrimidines such as 5-BrU, which exhibit a greater 
tendency to enolise than does their natural counterpart, 
thymine, behave this way. This selective effect is exactly as 
expected from our hypothesis since transitions are mediated 
only by pu-pyr mispairs, whereas transversion mispairs do not 
involve pyrimidine residues 

2-AP is another base analogue that induces only transi- 
tions!>™, The inability of this purine to induce transversions is 
of particular interest in view of our proposal that transversions 
are brought about only by pu-pu mispairs. 


The way in which this analogue induces transitions is not 
difficult to rationalise. Although lacking a substituent on C6, 
it can interact ‘‘normally” with T on the template to form a 
complementary pair with two H bonds. By tautomerism to the 
imino form, it can “‘mispair” with C also by way of two H 
bonds. The alternative mispairing scheme with C, involving the 
amino tautomer of 2-AP seems less likely because it allows only 
one H bond, and the H-bonding tendencies of the internal N1 
of the purine and N3 of the pyrimidine would be left unsatisfied. 

The lack of potential for pu—pu mispairs involving 2-AP can 


Fig. 2 Potential of 2-AP for pu—pu pairing. The inability of 
2-AP to form transversion mispairs is illustrated. In the syn 
configuration, 2-AP can form no H bonds with A (a), and 
whereas a pair with one H bond might be formed with G, ıt re- 
sults in a bad Van der Waals’ contact (b). When in the anti 
configuration, 2-AP can make but one H bond with either A 
(c) or G (d), and then only by tautomensing to the less favoured 
imino form. 
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Table 2 Comparison of observed frequencies and calculated mutation rates 
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Predicted reversion ratest 


No. of 
== Synthetic step x Checking step x pathways 
= (5x10) . (5 x 107%) x 2 
== (5x10) x (1) < 2 
= (5 « 1075) > (5x107) x 2 
= (5x10) x (1) x 2 
= (5x105 x10) x (5x10) x I 
=  (5x10)1x107) x (1) x l 
=  (5x10=X5x107} x (5 x 1075) x l 
= (5x10=X5x10-} x (1) x l 
=  (5x10=X5x107) x (Sx 1075) x l 
=  (5x10=X5x10-3}}) x (1) x l 
=  (SxI0=>XIx109 x (5x105) x ; 
=  (5x10>X1x107) x (1) x l 
= (5x101 x10- x (5 x 107°) x 
= — (5x101 x107} x (1) x l 
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Comparison of frequency of different substitution reversions in the tryptophan synthetase A gene of E. coli (data taken from Fowler, er al.*®) 
with theoretical mutation rates calculated from characteristics of proposed non-Watson—Crick complementary base-pair intermediates. 

*-+ wild type; D5, conditional mutator gene, to which we assign the phenotype, exonuclease ~. 

tRanges are given to encompass several sets of data obtained for the same mutant by Fowler et al.. 

{For the purposes of these calculations, a value of 1 x 10~' is taken for the equilibrium frequency of G,,, and 5x107? for that of Asyn- 
The same equilibrium frequency, 5 x 10— is assumed for all unfavoured tautomers. If this were actually the case, these calculations would have 
to take into account that the A-C and G-T pairs each could occur with either the template or the monomer residues in the unfavoured tauto- 
meric form; then, the calculated rates of transitions would have to be raised by a statistical factor of four (two for each step). It is much more 
likely, however, that the tautomeric equilibria differ for the two members of each pair and differences as small as two-threefold effectively 
reduce this factor to one. With only one unfavoured tautomer in pu—pu pairs, this factor is also one for transversions. 

§These represent the same type of transversion at two different sites within the same gene. 


be seen (Fig. 2) to arise from its lack of any substituent on C6. 
For incorporation opposite a purine, 2-AP must enter in the 
syn configuration, in which case it can form no H bonds with A 
(Fig. 2a). Against G, the possibility of only one H bond as well 
as the potential close contact between the C2 amino of the 
template residue and the C8 hydrogen of 2-AP, which can also 
interfere with solvation of the C2 amino group, prohibits that 
pairing as well (Fig. 2b). Further, once incorporated, the amino 
tautomer of 2-AP in the anti configuration of the template 
strand cannot form any H bonds with either Asyn or Gsyn 
triphosphates, while the imino tautomer can form pairs which 
will allow but one H bond (Fig. 2c and d), which would seem 
insufficient. Purine analogues that favour syn configurations 
and have appropriate substituents are, however, expected to 
induce transversions; and purine analogues of that type which 
also have a more favourable capacity to tautomerise than A or G 
should enhance the rate of both transitions and transversions. 
It may similarly be possible to explain the mutagenic effects of 
reactive substances that modify bases of intact DNA, thereby 
altering their capacity either to tautomerise (for example, 
hydroxylamine?*-?* and Cu?* (ref. 30)) or to be fixed in a syn 
configuration. Since many such reactive compounds are also 
carcinogens*!, a correlation is suggested. 

(2) Among mutator genes, there is a striking example dis- 
covered by Treffers'! of an allele in E. coli that selectively 
enhances the rate of the A~T-»C-G transversion but not the 
reverse transversion’®. A consideration of the pu—pu mispairs 
for these two transversions (Fig. 1/,j) and the restriction that 
the syn residue of those pairs be the entering one, suggests how 
the unidirectional effect of this mutator comes about. Whereas 
the forward transversion must be mediated by Amino Gsyn 
the reversion can only be mediated by GenotiminowAsyn and 
not by the mispair by which it is formed (Table 1). The physio- 
logical mechanism by which this mutator is expressed can be 
imagined to involve a gene coding for some component of the 
replicative apparatus that allows incorporation of G,,, but not 
Asya. (This would also result in parallel discrimination between 
the A~A,,, and the G-G,,, mispairs.) Obviously, a mutator 
with this kind of discrimination could not affect the rate of 
transitions because only anti isomers participate in transition 


mispairs. The discriminatory characteristics of the Treffers’ 
mutator and others??:?? clearly correlate with the proposed 
features that distinguish the mispairs that give rise to transitions 
from those that lead to transversions. 

(3) The rates of transitions and transversions are also con- 
sistent with our proposed base-pairing schemes. Specific data 
against which to evaluate the mechanisms proposed for sub- 
stitution mutations are provided by a study? of spontaneous 
substitution mutation frequencies for particular sites on the 
tryptophan synthetase A gene of E. coli, for which the base- 
pair changes are known. Those frequencies, determined both in 
the absence and presence of a mutator gene, mut DS, are shown 
in Table 2. Presented for comparison are the rates we calculate 
for each transition and transversion from the relevant isomeric 
equilibria for the proposed complementary non-Watson—Crick 
mispairs. (For this comparison, it is assumed that in vive 
mutation rates and the observed frequencies they generate are 
equivalent. In fact, the observed values should be high, but by 
no more than a factor of five*®.) Because of the availability 
of two mispairing routes to both transitions, but only one 
to each transversion (see Table 1) the rates calculated for 
the transitions (only) contain a factor of two. In the case of 
mutD5S we make the explicit assumption that this mutation, 
though not in the exonuclease gene*, has inactivated the check- 
ing function. The obvious correlation that this assumption 
allows us to make between the observed frequencies and the 
rates calculated, reinforces our confidence in the assignment 
of the mutD5 phenotype. Thus, it can be seen that the agreement 
between the observed reversion frequencies for the two transi- 
tions examined in the presence of mut D5 and our estimate for 
the synthetic step alone is satisfactory; so is that between the 
frequencies measured in the absence of mut D5 and our calculated 
rates. Furthermore, the experimental data agree with our 
expectation that the total fidelity must approximately equal 
the square of the frequencies of the unfavourable tautomers 
only for transitions, where the complementary intermediates 
are A-C and G-T pairs. 

The complexity postulated for transversions is also evident, 
As demanded by our mechanism and consistent with separating 
the mut D5 frequencies from the reversion frequencies observed 
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in the absence of this mutator, greater fidelity can be seen to 
be achieved for transversions in the synthetic step than in the 
checking step. This is because syn isomers should have no rok 
in the checking step. The mut D5 frequencies are also consistent 
with our expectation that the synthetic step achieves greater 
fidelity for transversions than for transitions because of the 
involvement of syn isomers as well as unfavourable tautomers 
in transversion mispairs. Indeed, agreement between the 
observed frequencies in the presence of mutD5 and the rates 
calculated for the synthetic step alone for all transversions is 
quite close, considering that the syn—anti equilibria must be 
taken into account. Nevertheless, it is apparent that the overall 
fidelity observed for transversions is somewhat less than we 
expect. Conceivably, this is because of a lower efficiency in 
removal of syn than anti residues by the exonuclease. Such a 
differential effect towards syn compared with anti residues has 
been observed for other exonucleases**. 

The agreement in both trends and levels between observed 
and calculated values for the various substitution mutations is 
encouraging. Nevertheless, we recognise that frequencies are 
being compared with rates and that the calculations do not 
take into account such modulating effects as nearest neighbour 
interactions (which could account for the frequency differences 
observed in the two cases of the same transversion A-T-»>C_G 
at two different loci shown in Table 2) and differences in the 
relative stability of the various mispairs. Since the calculated 
rates follow the observed trend, these modulating effects must 
be small relative to the major factors that we have introduced 
in the calculations. 

The hypothesis we have presented here concerning a new set 
of complementary base pairs and their relevance to muta- 
genesis is chemically reasonabk and consistent with a large body 
of biochemical and genetic facts. We therefore believe that the 
main features of these concepts are correct, though the details 
may require modification. Experiments explicitly designed to 
test particular features of the hypothesis are needed to assure 
their validity. We are initiating some, and we hope that others 
will be prompted to design additional tests. 

The wider concept of complementary base pairing that has 
been introduced here has relevance to other problems in molec- 
ular biology. In the accompanying paper™, we address the 
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question of their role in protein synthesis. Later reports will 
deal with their relevance in other contexts. 
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Base pairing in codon-anticodon interaction has been 
Investigated in order to understand the basis on which 
particular base pairs have been selected for or against 
participation at the wobble position and the basis for 
codon—anticodon infidelity. 





STUDIES of the genetic code revealed that the Watson—Crick 
pairing rules for DNA! are only followed strictly for the first 
two base pairs of codon—anticodon interaction’. Much of the 
pairing at the third codon position also involves the normal 
Watson—Crick base pairs, A-U, and G-C, but for several 
codon+tRNaA interactions, non-Watson—Crick pairs are clearly 
required. This led Crick to propose that the pair at the 3’ end of 
the codon can deviate (from complementary helix geometry) or 
“wobble” within arbitrary limits (to the glycosyl bond separation 
distance and dihedral angles) that are consistent with the 
additional pairing interactions suggested by the code. 

Our reconsideration of this problem takes into account the 


chemical features of the bases and the stereochemistry of 
non-Watson—Crick complementary base pairs, described in the 
accompanying paper’, that have allowed us to suggest mech- 
anisms for mispairing in replication. We deduce that the 
“wobble” pairing schemes for G-U, U-G and U-I must be as 
proposed by Crick‘, but that an alternative base-pairing scheme 
for A-I is a more suitable codon—anticodon interaction. We 
also show that in a manner similar to the way they act in 
nucleic acid biosynthesis?, complementary non-Watson—Crick 
base pairs contribute to the natural level of infidelity in protein 
synthesis. A preliminary report of this work has been made’. 


Base-pairing alternatives 

The wider set of complementary base pairs described in the 
accompanying paper’, utilises base tautomers (enol and imino) 
and nucleoside isomers (syn) that are unfavoured in aqueous 
solution. With U substituted for T, we must consider in the 
case of protein synthesis the pairs that can be formed in this 
way from the four characteristic bases of nucleic acids and in 
addition, C-I, U-I, G-I and A-I, since inosine is the first 
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anticodon residue of many tRNAs®. Figure 1 shows comple- 
mentary pairing schemes (studied by model building) containing 
I; of these, only C-I utilises the preponderant isomers. The 
ability of such base oppositions to take up intrahelical arrange- 
ments within helices dominated by Watson—Crick pairs has 
also been experimentally demonstrated, though the actual 
H-bonding schemes have not been ascertained (ref. 7, and 
M.D.T., H. Chen and J.R.F., unpublished). 

As shown in Fig. 2a-d, all the pairs covered by Crick’s 
wobble-pairing schemes make use of the favoured forms of the 
residues, and the glycosyl bond separation distances are close 
to the 10.9 A typical of a complementary pair, for all except 
A-I, for which it is 12.8 A. Assuming that the codon constitutes 
a fixed template, this longer separation distance exaggerates the 
extent of backbone relocation required of the anticodon chain 
at the wobble position. In contrast, the amount of chain 
relocation required for those wobble pairs with the near-normal 
separation distance appears to be negligible for the short 
codon-anticodon helical array. 

Additional wobble pairs--A—C (and C-A) can be built with 
the same stereochemistry as their G-U and U-G counterparts 
(Fig. 3a,b) only with a single H bond. They are unlikely to occur 
since this arrangement would lead to one unfulfilled H-bond 






d 
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acceptor site, or two H bonds made possible by protonation of 
the A member. Additional pu~pu wobble pairs are also conceiv- 
able (Fig. 3c-e) which make use of combinations of syn isomers 
and unfavoured tautomers. In particular the A-F pair shown in 
Fig. 3e, which makes use of a syn residue in the codon position 
has a near-standard glycosyl bond separation distance, instead 
of the much longer one proposed by Crick (Fig. 25). 

When one member of a pu~pu pair has its backbone location 
fixed as part of a template, an interesting asymmetry exists if 
one member is syn (Fig. 4). When the template residue is anti, 
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the syn residue lies in a complementary position; but when the 
template residue is syn, the opposite member takes up a 
“wobble” position. Thus, the additional pu-pu wobble pairs in 
Fig. 3 have their complementary inverse pairs: for example, 
wobble pair Aga-Genot.imine (Fig. 3c) has its complementary 
pair inverse Genot,imino~Asyn (Fig. Lj of accompanying paper’). 


Base pairing in codon—anticodon interaction 
From these considerations it is difficult to decide which type of 
pairing is most relevant to codon-anticodon interaction. 
Although the complementary non-Watson~—Crick pairs are 
sterically more acceptable, the thermodynamic cost of utilising 
the unfavourable tautomers or isomers they require could be 
greater than the cost of a small helix distortion at the wobble 
position. We have found it possible to choose between these 
alternatives with the aid of the following three assumptions. 
(1) The ribosome limits wobble-pairing schemes to those that 
minimise backbone distortion and it constrains the message 
as a template. Studies of coding fidelity with ribosomal mutants? 
and drugs such as streptomycin’: indicate that the ribosome 
does impose steric constraints on codon~-anticodon interaction. 
(2) The ribosomal cavity for codon—anticodon interaction 
precludes tautomerism and protonation therein. Complementary 


Fig. 1 Complementary base-pairing schemes 
involving the anticodon I residue. a-c, 
Pyrimidine-purine; d, e, purine--purine. The 
C-I pair (a) is in all respects the equivalent of 
a standard Watson—Crick complementary 
pair. Other non-Watson—Crick complemen- 
tary pairs are shown in Fig. | of the accom- 
panying paper? where, however, T is used in 
place of U. Note that the stereochemistry 
for the pu—pyr pairs that involve an un- 
favoured tautomer in either member con- 
forms precisely to that of the Watson—Crick 
pairs, whereas that for the pu-pu pairs 
requires a small deviation, ~ 9°, in the 
glycosy! bond angle of the anticodon residue, 
but no alteration in glycosyl bond separation 
distance. Wherever shown, arrows indicate 
the source of a proton that has been trans- 
ferred in the tautomeric shift from a favoured 
to an unfavoured isomer. 


e Aimino = Isyn 


mispairing requires unfavoured tautomers which can occur 
only by a proton jump by way of water molecules proximal to 
the donor and acceptor atoms of the base. Binding by the 
ribosome of both messenger and tRNA must inhibit breathing 
of the codon—anticodon complex. This alone will preclude 
tautomerism since water is excluded between paired bases. 
Moreover, when tRNA and mRNA enter the cavity, bulk 
water that fills such space in their absence will be displaced, so 
that in the immediate vicinity of codon-anticodon negotiation, 
the amount of free water will be greatly reduced. If re-equilibra- 





Nature Vol. 263 September 23 1976 


tion to minor tautomers is thereby precluded, miscoding due to 
complementary mispairs (Fig. 1 of accompanying paper’ and 
Fig. 1 here) will be kept at a very low level (assumption (3)). 
Therefore, the specificity at all codon—anticodon positions must 
depend primarily on the predominant keto and amino forms 
of the bases. 

(3) Tautomeric equilibria nevertheless play a part in codon- 
anticodon interaction to the extent that the message and tRNA 
manifest these equilibria in solution. Whereas the ribosome will 
prevent mismatched oppositions from becoming complementary 
mispairs (assumption (2)), they must also lock in those unfavoured 
tautomers that have matched up to form such mispairs (for 


Fig. 2 Wobble-type or non-complementary 
H-bonded base pairs proposed by Crick‘ for 
codon-anticodon interaction. The codon or 
template residue is always shown on the left, 
and the horizontal line from the CI’ carbon 
of the codon residue extends to the location 
of the Cl’ carbon of the anticodon residue 
if the latter were complementary. Note that 
only keto and amino tautomeric and neutral 
forms of the bases are used for the pairing 
schemes proposed by Crick. In each case, the 
twofold symmetry that relates the CI’ 
carbons of the two residues of a complemen- 
tary pair is absent. Generally, this leads to 
only a small amount of backbone displace- 
ment because the glycosyl bond separation 
distance is maintained close to that of a 
complementary helix. In the case of A-I (b), 
however, that distance is nearly 2 A greater, 
which results in excessive backbone displace- 
ment. 


example, Aiming With C, Fig. 1 of ref. 3). Hence, the low 
frequencies of minor tautomers that both interactants must 
contain will be frozen by the ribosome and be expressed. This 
will give rise to a background in vive level of spontaneous mis- 
coding involving all complementary mispairs since they all 
involve minor tautomers (G-U, A-C, U-I, G-I, A-I, A-A, 
A-G, and G-G). Miscoding should therefore occur at all three 
positions at frequencies that depend on the relative occurrence 
of the isomers required in the mispairs: for pu-pyr, 10— to 
10-5 (tautomeric frequency)! -"; for pu—pu, the latter values 
are lower, 10-5 to 5« 1077 because pu-pu pairs involve syn 
isomers'*'® which occur at a frequency of ~ 10-1 for Goyn and 
~}5x 107? for An, as well as unfavoured tautomers. 

From these assumptions we can evaluate pairing schemes for 
those non-Watson—Crick base oppositions that prevail in the 
wobble position and can then deduce the nature of the mispairs 
that lead to infidelity. Throughout, base pairs are denoted with 
the codon residue on the left. 


Pairing in the wobble position 

U-G, U-I--. Since tautomerism is precluded, Crick’s wobble- 
Pairing schemes must prevail. With the codon as template, the 
glycosyl bond of G or I at the wobble anticodon position will be 
displaced to the same extent and in the same direction. 

G-U-., The deviation of the anticodon residue for wobble 
G-U, though equal to that for wobble U-G, is opposite in 
direction of displacement of the anticodon glycosyl bond (Fig. 
2a,c). U-I and U-G are required by the code since A never 
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occurs at the tRNA wobble position’ and there are 16 codons 
with U in the third position. The different geometry for G-U 
raises the question of whether this pair is also used. Comparison 
of the code with anticodons established in experiments with 
sequenced tRNAs (see Table 1 of ref. 17) suggests that G-U 
may not be required. Thus, Gin, Lys and Gly, with code words 
that have A or G in the third position (CAA and CAG for Gin, 
AAA and AAG for Lys, GGA and GGG for Gly), each have 
two corresponding tRNAs in the same species!*, one with a 
modified U and another with C in the wobble position. On the 
other hand, an unusual case has been found in which an ochre 
suppressor tRNA (UUA) reads the amber codon (UAG) in vivo 








very effectively’. In this case at least, G-U has a role even 
though it is sterically different from U-G. 

A-I-. We suggest instead of Crick’s “long” wobble pair 
(Fig. 26), one in which A in the codon is syn, while I in the anti- 
codon is anti (Fig. 3e). This arrangement, observed in a cocrystal 
of 9-ethyl-8-bromoadenine and O-ethyl-8-bromohypoxan- 
thine®*, uses favoured tautomers and allows a standard glycosyl 
bond separation distance?!. With codon as template, however, 
only wobble geometry is possible (Fig. 4). This arrangement 
ought to form with acceptable frequency if the 2 kcalorie mo~ 
(refs 15, 16) cost of Asyn is not increased within the ribosome. 

Evidence for an A-I pair in protein synthesis is not definitive. 
In vitro coding data *?-*5 are consistent with its occurrence, but 
subject to artefacts due to the unnatural levels of divalentcations 
used”, Moreover, it seems that there are two tRNAs with I in 
their anticodons (one for Val and one for Ser) that are not 
needed for interaction with codons (GUA and UCA, respec- 
tively) that have A in the third position’ since isoacceptor 
tRNAs exist with U in place of I. Because these iscacceptors have 
not yet been demonstrated in the same species, however, their 
bearing on the question is uncertain. Conceivably, a tRNA 
with [ instead of U in the anticodon is required to prevent the 
ambiguous reading of the Met codon, AUG, by a tRNAM* 
that normally reads AUA. It is now apparent?*:*, however, 
that ambiguous recognition of G instead of A is avoided by 
replacing U with s°U. In any case, if A-I occurs in vivo, then 
the A.y,-I wobble arrangement would seem to be more favour- 
able than Crick’s*. 
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A-G-. Although this pair occurs in long Watson—Crick 
helices (M. D. T., H. Chen and J. R. F, unpublished), 
the code forbids it at the wobble position. Crick suggestedt 
that the A-G counterpart to the A-I wobble pair does not occur 
because the amino group of G cannot H bond even to water. 
If A-I bas a rolė in protein synthesis, this presumed constraint 
would be equally relevant to the Asy.-G counterpart to the 
proposed A,,y,-I pair. Moreover, it seems that a 2-amino 
hydrogen of G eclipses the C8 hydrogen of Asya. In either case, 
a tautomeric shift (2-amino—>6-oxygen) could remove this 
constraint. As noted, however, such shifts are precluded 
within the ribosome. If instead, A-I does not occur in vivo, 
then both A-I and A-G may be excluded by the same ribosomal 
constraints that prevent A from either becoming syn or pairing 
with a long glycosyl bond separation distance. 

A-C, G-G, G-A, C-A-. These pairs also occur in long 


Watson—Crick helices (M_D.T., H. Chen and J.R.F., un- . 


published), even though they are prohibited by the codo”, 








Presumably, A-C and G-G do not serve at the wobble position 
because their pairing schemes require minor tautomers in high 
frequency, and G-A and C-A are irrelevant since A never 
occurs in the wobble position of tRNA*. 

U-U, C-C, U-C, C_U_. These do not occur in long Watson- 
Crick: helices (J. Balcerski, M.D.T. and J.R.F., unpublished), 
and are forbidden by the code. Their occurrence would require 
a large backbone distortion that would enhance electrostatic 
repulsion of the phosphates brought closer together. The 
exception of U—U*-oxacetate pairing’? must be due to some 
unique effect of the substituent on C5 of the pyrimidine on the 
tRNA. 

We conclude that schemes for pairing at the wobble position 
that require minor tautomers of bases?” cannot account for 
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the U-G, G-U and U-I pairs-there (because these pairs could 
not then occur with the high frequency required), while the 
original H-bonding schemes of the wobble hypothesis are correct 
except for the case of A-I. A more reasonable wobble-pairiog 
arrangement is proposed for A-I that is consistent with the 
absence of the analogous A-G pair. 


Mispairing in codon—anticodon interaction 


We now ovaluate the role of non-Watson—Crick pairs as a 
source of infidelity in protein synthesis. It is evident from the 
prohibition of wobble pairs at the first two codon positions that 
the ribosome effectively screens out non-complementary pairs 
from those positions. In normal in vivo conditions, however, 
there ought to be a background level of miscoding that reflects 
the frequency of residue isomers on both message and tRNA 
before they enter the ribosome (assumption (3)), that can give 
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rise to complementary mispairs at all three codon positions. 


Mispairing at the wobble position could possibly also arise 


from the additional wobble pairs proposed in Fig.’3, since the 
ribosomal constraints must be relaxed somewhat to allow 
“normal” wobble at that position. Higher levels of miscoding 
due to mutations that reduce the ribosomal constraints or to 
drugs with similar consequences should be superimposed on 
this natural level of infidelity. Still higher levels of miscoding 
should occur im vitro when unnaturel concentrations of cations 
or other artefactual conditions are used that overcome the 
specificity of the codon—anticodon interaction. Miscoding in 
this instance could involve an even wider range of non-Watson— 
Crick base oppositions, particularly if only two base pairs have 
to be stabilised. 
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syn 7 Aimino 


Fig. 4 The steric relationship between a complementary pu—pu 
pair, when one residue has its locus fixed as part of a template, 
and either member is in the syn configuration. The particular 
example shown is that of an A-I pair with A as template (top) 
and I as template (bottom). Whereas the former meets comple- 
mentary base-pair glycosyl bond separation distance without a 
significant dislocation of the backbone segment to which the non- 
template base is linked, wobble-type dislocation results when the 
syn residue is on the template. 


Evaluation of the mispairing hypothesis 


In vivo measurements of suppression of polar mutations in 
structural genes for B-galactosidase®® and ornithine trans- 
carbamylase* and of the frequency of incorrect insertion of 
amino acids into rabbit haemoglobin and chick ovalbumin?! ?2 
lead to values of infidelity as high as 10-4 per amino acid site. 
This is consistent with what is expected from the frequency of 
the most favoured complementary mispairs, that is, those 
requiring only unfavoured tautomers (1074-1075). Thus, the 
in vivo infidelity is of a level that might be expected from the 
frequency of the minor tautomers in both message and tRNA 
before their interaction within the ribosome. 

The in vivo level of infidelity is the sum of errors in several 
steps. Errors due to complementary mispairs will contribute a 
maximum frequency of 5x 10-5 per residue in both transcrip- 
tion and codon—anticodon interaction. This is equivalent to an 
infidelity frequency of 3 10t per amino acid site, ignoring 
degeneracy of the code, which would lower this value. The 
indications are*? that amino acid activation and aminoacylation 
together contribute another factor of 10~4, for an overall error 
level of 4x 104, which is consistent with that measured in vivo. 
Although kinetic proofreading® of the codon—anticodon inter- 
action may be necessary to screen out errors from such effects 
as two-base pair interactions, there is no obvious basis and no 
apparent need for proofreading of infidelity caused by comple- 
mentary mispairs. This is because the mispairs are frozen within 
the ribosome and the level of infidelity to which they give rise 
is not greater than that contributed by the other steps of protein 
synthesis. Indeed, energy used for proofreading at this stage 
would seem wasteful. 

If complementary mispairing is a source of errors in codon— 
anticodon interaction, there should be a defined pattern of 
miscoding which involves all complementary mispairs, that is, 
U-G, G-U, A-C, C-G and A-G at all codon positions, A~A, 
G-A and C-A at only the first and second positions (since 
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tRNAs never contain A in the wobble position), and G-I at 
only the third (since I only occurs at the wobble position). 
While pyr-pyr pairs should not occur at any codon position, 
additional A-C, A-G and G-I wobble-type pairs (Fig. 3) may 
possibly occur at the third position. The only ia vive coding 
data% confirms the occurrence of G-U, and A-C in both the 
second and third codon positions, with the frequency of back- 
ground suppression due to A-C occurring at the 0.01% level, 
which is consistent with the frequency of required tautomers. 
A higher value was observed for G-U, however: reasons for 
this are not apparent. 

In vitro studies of codon~anticodon interactiondo net provide 
a basis for evaluating the mispairing hypothesis. The errors 
occur at 10-100-fold or greater frequency than in vive™, 
presumably because of artefactual stabilisation of a variety of 
“nonspecific” interactions. 

This investigation of base pairing in codon—anticodon inter- 
action provides a basis for refinement of the wobble hypothesis 
and a chemical basis for infidelity in the process. Although our 
approach follows that which we used to investigate base 
pairing in nucleic acid biosynthesis*, the present analysis is less 
satisfying because of the paucity of data against which to 
evaluate our hypothesis on base pairing in protein synthesis, 
but the concepts presented provide a basis for experimental 
focus. 

This study has led us to consider the role of the ribosome in 
protein synthesis. It seems that the specificity of codon~anti- 
codon interaction derives as much from the ribosomal constraints 
as from the limited degree of specificity that can come from 
the base-pairing interactions. The development of such con- 
straints, which assure biologically acceptable levels of fidelity 
and efficiency of protein synthesis, may have been crucial during 
evolution of the ribosome. 
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Sub-zero temperatures can be used to trap intermediates 
in enzyme-catalysed reactions using suitable cryosolvents. 
The feasibility of obtaining such intermediates in the 
crystalline state for X-ray diffraction studies has been 
demonstrated with several proteases, using specific substrates 
and optimal pH. 


LL A Le aaea a aa: 


Two problems in the study of enzyme mechanisms are the 
rapidity of the reaction and the low concentration of inter- 
mediates present in steady-state conditions. These cause 
technical difficulties in the determination of events occurring 
during the dynamic processes of catalysis. The existence and 
structure of intermediates in the catalytic reaction pathway must 
be known before the mechanism can be ascertained, and the 
great catalytic efficiency of enzymes can be explained. X-ray 
crystallography is one of few techniques that can yield structural 
data about such intermediates at the desired resolution. 
Unfortunately X-ray diffraction is limited in that it is essentially 
a static procedure and requires stable, crystalline compounds. 
Recent developments, however, suggest that this might be 
overcome at sub-zero temperatures. 

It has been known for some time that many enzymes are 
catalytically active in aqueous organic solvent systems at 
sub-zero temperatures! ®. We have been exploiting different 
free energies and enthalpies of activation for the different steps 
in the overall enzyme-catalysed reaction to accumulate inter- 
mediates at very low temperatures. The basis of this approach is 
that when the reaction is initiated by mixing enzyme and 
substrate at a very low temperature the rates of intermediate 
transformations with sufficiently high activation energies will 
become negligible. Consequently, turnover will not occur and 
intermediates will accumulate. Thus instead of steady-state 
turnover, a series of reaction steps will be seen, each cor- 
responding to the transformation of one intermediate into 


another as the temperature increases. Eventually a temperature 
will be reached that is sufficiently high for turnover to occur. 
As long as the temperature is sufficiently low to avoid turnover, 
the enzyme will be trapped in the form of an intermediate or 
intermediates. The method is discussed in more detail elsewhere’. 
For several enzymes it has been possible to demonstrate the 
accumulation of intermediates found in the reaction with 
kinetically specific (good) substrates at optimal pH by this 
technique*’*!~!5 In these studies dissolved enzyme and various 
spectral techniques were used to detect and characterise the 
trapped intermediate. 

We have investigated the feasibility of using sub-zero tempera- 
tures to obtain the trapped enzyme~—substrate intermediates in 
crystalline form and sufficiently stable for high resolution 
X-ray diffraction studies. The intermediates used were acyl- 
enzymes formed from serine proteases. The reaction scheme for 
these enzymes can be represented by equation (1), in which ES 
is the initial non-covalent Michaelis complex, /p and {wpe 


Ka 
(1) 


P, 


represent possible subsequent productive and non-productive 
intermediates respectively, EA is the acyl-enzyme intermediate 
and kand kare the rate constants for acylation and deacylation. 

The serine proteases were chosen for several reasons. We 
have shown that sub-zero temperatures and 65% aqueous 
dimethyl sulphoxide or 70° aqueous methanol have no adverse 
effects on the structural and catalytic properties of chymo- 
trypsin and trypsin®’. We have also shown that essentially 
stoichiometric amounts of acyl-chymotrypsin, formed from 
specific p-nitrophenyl esters, can be isolated at sub-zero tem- 
peratures’. For specific ester substrates of chymotrypsin the 
acylation reactions can be orders of magnitude faster than 





Table 1 Acylation and deacylation rates and acyl-enzyme concentrations for dissolved enzymes 
Acylation Deacylationt 
Enzyme Substrate Solvent pH* Temperature [So] [Eo] EAt kons vio 
CC) (M x10 (Mx10) (%2) (s7) (mol s7}) 
Elastase ZAP 70%, MeOH Ta — 43.4 3,2 13.4 82 Lix«1d~% 
Elastase ZAP 70% MeOH a -50.1 0.75 yl 92 3.21074 
Elastase ZAP 70% MeOH he — 37.0 1.5 5.6 79 1.8 «1073 }.2% 107° 
Elastase AcAla,Me 70° MeOH 7200 20 = S27 1.9 1.6 47 2.3x1074 | 
o-Chymotrypsin AcTrpP 60% DMSO S.J 0 = 41.5 1.0 6.6 86 5.0x 10 6.2 x 107}? 
6-Chymotrypsin AcTrpP 52% DMSO Sel ~ 35.3 1.4 7.6 6] 1.3 x 107 4.6 x 1071 
y-Chymotrypsin AcTrpP 52% DMSO SE 5 41.2 1.5 17.0 44 7.6% 107" 1.2 x107 
y-Chymotrypsin AcTrpP 70%, MeOH 7.0 0 ; — i209 0.7 48.0 83 1.3 x10 9.f «x 107! 
y-Chymotrypsin AcTrpP 70% MeOH 5.1 —- 43.6 4.1 6,1 82 6.6 x 107 2.4 x 107% 
y-Chymotrypsin AcTrpP 70% MeOH 6.7 — 56.1 be 6.4 100 3.6 «107% 9.6 x 1077 
Trypsin ZLysP 65% DMSO 717 = 32.6 1.0 28.0 44 52.0107 4.5» 107% 
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Table 2 Rates of acylation and deacylation, and active-site occupancies for crystalline enzymes 
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Crystalt Acylation  Deacylation 
Enzyme Substrate** size Solvent** pH* Temperature [So] Solubility EAt Kons Robs 
(um) CC) (M x 10°) (M) (%) (s77) (=) 
Elastase ZAP 320 70% MeOH 7.2 —46.1 1.0 2.1 x 1078 86 2.4% 1077 
Elastase ZAP 1,200 70% MeOH 5.1 — 47,8 0.6 > 55 7.8 ~ 10788 9 
Elastase AcAla,;Me 80 70% MeOH 7.2 — 54.5 2.8 = &86 135x10 re 0 
a-Chymotrypsin AcTrpP 90 52% DMSO 6.1 — 58.2 8.6 1.4« 1075 3 241x10 0 
6-Chymotrypsin. AcTrpP Amorphous 52% DMSO 6.1 — 58.2 7.6 6.1 « 10-6 82 241x10 Q 
y-Chymotrypsin AcTrpP 25 52% DMSO 58 —49.4 7.0 70x10 >61 254x10 0 
Trypsin ZLysP 70 52% DMSO _ 6.1 — 58.2 9.8 2.0 x10 66 >4.1 «10 0 





**See footnotes to Table 1. 
tLongest dimension. 

















{The reported values are minimum ones. Estimated errors are +25%. 
§This reaction appeared biphasic, the first part of the reaction with kobs = 2.4 x 1074 57. 


deacylation at temperatures below —40°C in 65% aqueous 
dimethyl sulphoxide*?%!!, We have also detected and 
accumulated intermediates in addition to the acyl-enzyme in 
the reactions of chymotrypsin, elastase and trypsin with 
specific substrates®?"-" Since our studies suggest that these 
intermediates are present, although not readily detected, when 
the reactions are carried out in “normal” conditions, knowledge 
of their structure is desirable”. 

Crystals of chymotrypsin and elastase have been shown to 
be catalytically active in aqueous solution at above-zero 
temperatures! ~?3, Preliminary studies on the effects of crystal 
size on the reaction rate and substrate diffusion in enzyme 
crystals have shown that catalytic rates and accessible active- 
site concentrations depend on crystal size™4~**, Crystallographic 
studies have been carried out on acyl-enzymes formed by the 
reaction of nonspecific substrates with chymotrypsin23, and on 
enzyme—‘substrate’ complexes formed by reaction of serine 
proteases with virtual substrates??, peptide competitive inhi- 
bitors?™!5, peptide chloromethyl ketones’® and protein 
inhibitors”. These investigations have greatly furthered the 
understanding of the mechanisms of action of these enzymes. 
But the fact that the derivatives used were sufficiently stable 
for X-ray diffraction implies that the relative positions of the 
enzymes’ catalytic groups and the substrate were not optimal. 

Petsko?®™ has shown that X-ray diffraction studies of 
enzymes at sub-zero temperatures using aqueous—organic solvent 
systems have advantages, such as greatly decreased radiation 
damage. If X-ray diffraction techniques are to be applied to 
crystalline, trapped enzyme~substrate intermediates the follow- 
ing requirements must be met. At least 25 per cent of the 
enzyme must be in the form of the intermediate in order 
to attain sufficient intensity in electron density difference maps. 
Only free enzyme or the desired intermediate should be present. 
Mixtures of more than one type of intermediate are undesirable, 
and the crystalline intermediate, once formed, must be stable 
for a sufficiently long period for diffraction data to be collected, 
probably a minimum of 1-4 d for high resolution studies. We 
have shown, using sub-zero temperatures, that intermediates 
such as acyl- and glycosyl-enzymes satisfy the latter two 
requirements’ ~*!°-15_ This and the accompanying article? 
confirm the validity of the cryoenzymological approach for 
obtaining detailed structural information on enzyme-—substrate 
intermediates. 


Acyl-A enzyme formulation in solution 
p-Nitrophenyl ester substrates are well suited for studies of acyl- 
enzyme formation and breakdown in the serine proteases. The 
chromophoric nitrophenol moiety provides a simple means of 
monitoring the reaction. The smaller rate constant and larger 
energy of activation for the deacylation step mean that at 
appropriately low temperatures not only is the rate of acylation 
much faster than that of deacylation but also that the latter can 
be essentially zero. 

The acylation and deacylation reactions of the following 
enzyme-substrate combinations were studied in the range — 20 
to —70 °C using aqueous dimethyl sulphoxide and aqueous 


methanol cryosolvents: a-, 6-, and y-chymotrypsin with N- 
acetyl-L-tryptophan p-nitrophenyl ester (AcTrpP), trypsin with 
N*-carbobenzoxy-L-lysine p-nitrophenyl ester, and elastase with 
N-carbobenzoxy-L-alanine p-nitrophenyl ester (AP) and 
N-acetyl-L-alanyl-L-alanyl-L-alanine methy! ester. 

Rates of acylation and deacylation (turnover) were deter- 
mined for the p-nitrophenyl ester substrates by monitoring the 
release of p-nitrophenol at 340 or 350 nm. The concentration 
of acyl-enzyme formed was estimated from the amount of 
p-nitrophenol released in the first-order acylation reaction. For 
dissolved enzyme experiments, the enzyme stock solution was 
diluted 1:4 with cryosolvent at 0°C and then added to the 
substrate solution at the desired sub-zero temperature. 

For each enzyme, the rates of acyl-enzyme formation and 
breakdown, and the maximum concentration of acyl-enzyme 
formed were determined in various conditions. Some represen- 
tative results of such experiments with dissolved enzymes are 
given in Table 1. In each case the acylation was first order and 
very much faster than deacylation. Deacylation was much too 
slow for the reactions to be followed to completion in a con- 
venient time. In Table 1 the deacylation rates are reported in the 
form of the observed initial velocities (vi). The substrate con- 
centrations used were of the order of Km; hence, dividing v; 
by the acyl-enzyme concentration gives an approximate value 
of the microscopic deacylation rate constant, k, in equation (1). 

For each enzyme there are conditions in which the rate of 
deacylation is sufficiently slow that negligible amounts of acyl- 
enzyme would be lost during the time necessary for the collec- 
tion of diffraction data. For example, for elastase in 70% 
aqueous methanol at pH* 5.7 the amount of dissolved N- 
carbobenzoxy-t-alanyl-elastase which will hydrolyse in 24 h 
is 0.4% at —70°C, 2.2% at —60 °C, and 11.0% at — 50°C. 
Acyl-enzyme concentrations approximately stoichiometric with 
the enzyme concentrations were only obtained at temperatures 
sufficiently low that no turnover was observed. 

In conditions in which turnover occurs, the amount of enzyme 
converted into acyl-enzyme is predicted to be proportional to the 
substrate concentration unless it is much greater than Km 
(ref. 31). This was observed to be the case. For example, with 
elastase and ZAP the fraction of total enzyme in the form of 
acyl-enzyme was a function of temperature; at increasingly 
higher temperatures, as the deacylation rate increased, the 
proportion of acyl-enzyme decreased. Consequently to obtain 
the maximum concentration of acyl-enzyme, it is essential to 
adjust pH* and temperature such that deacylation is negligible. 

Experiments with dissolved a-, 6-, and y-chymotrypsin 
indicate that approximately stoichiometric concentrations of 
acyl-enzyme can be obtained in the —50 °C to —70 °C range, 
using 65% aqueous dimethyl sulphoxide at pH* 5-8, Since both 
acylation and deacylation have similar pH dependencies, the 
relative ratio of rates of acylation to deacylation is essentially 
PH independent. In the conditions used, the rates of acylation 
were several orders of magnitude greater than that for deacyla- 
tion. The rates of deacylation, especially at temperatures below 
—50 °C and at low pH*, were so slow that the acyl-enzymes 
could be made stable for a time scale of weeks or longer. 

Because aqueous dimethyl sulphoxide cryvosolvents are much 
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more viscous, they are less desirable than the corresponding 
methanol solvents®?. The nucleophilicity of methanol towards 
acyl-chymotrypsins, however, is much greater than that of 
water??, which suggested that in experiments at sub-zero tem- 
peratures deacylation would be much faster with aqueous 
methanol than with aqueous dimethyl sulphoxide for the same 
temperature. As Table 1 shows, with y-chymotrypsin and 
AcTrpP the deacylation rate was about 15 times greater in the 
methanol solvent. This value is in good agreement with that 
calculated from the data of Bender et al.” obtained at 25 °C. 


Crystalline acyl-enzyme formation 


As preliminary attempts to crystallise the trapped acyl-enzymes 
at very low temperatures were unsuccessful, we started with the 
enzymes already in the crystalline state. Crystals of the enzymes 
were prepared as described before**-**, except that y-chymo- 
trypsin was crystallised using 40° saturated ammonium acetate, 
pH 5.6, rather than ammonium sulphate**. Crystals were 
grown in small capillary tubes, closed with dialysis membrane™. 
For most experiments with crystalline enzyme the procedure was 
as follows. One or more crystal(s) of the enzyme was added to the 
cryosolvent, either directly at 0 °C, or stepwise?®. The crystal(s) 
was then added to the substrate solution at the desired tem- 
perature or vice versa. The reaction was either monitored 
directly, or samples were removed and analysed spectrophoto- 
metrically for p-nitrophenol. For experiments with elastase and 
the peptide ester substrate, acylation was followed by assaying 
for free elastase using ZAP at —40°C. The solubilities of 
crystalline enzymes were determined by assaying samples from 
control experiments in which the substrate had been omitted. 
All experiments were carried out in conditions of excess 
substrate. 

The precision of the values of the active-site occupancies of 
the crystals is not very high because of the difficulty of ascer- 
taining the concentration of active sites in the crystal. The most 
accurate values were obtained when the crystalline acyl-enzyme 
deacylated at higher temperatures and was then dissolved in a 
suitable solvent for determination of total protein concentra- 
ticn. In conjunction with active-site normality titrations of the 
same batch of enzyme, this facilitated estimation of the active- 
site concentration in the crystal. 

The data given in Table 2 are for experiments in which the 
enzymes were added in the crystalline state. With the exception 
of a-chymotrypsin, sufficient active-site occupancy was achieved 
for satisfactory X-ray diffraction studies. Crystalline and dis- 
solved acyl-enzymes were shown to possess full potential 
catalytic activity when their temperatures were raised to 0 °C 
and the rates of turnover were measured. 

Ammonium acetate was added to reduce the solubility of 
chymotrypsin and trypsin in 65° aqueous dimethyl sulphoxide. 
Experiments with dissolved enzyme indicated that the catalytic 
reaction was essentially the same in both 65° aqueous dimethyl! 
sulphoxide (u = 0.1 M) and in 52% aqueous dimethyl 
sulphoxide, saturated (at — 80 °C) with ammonium acetate, at 
the same temperature and pH*. 

a-Chymotrypsin crystallises in a dimeric form in which the 
active site is blocked by the adjacent molecule. This packing 
geometry hinders access by any but the smallest of substrates 
or inhibitors!®?8, Our observation that only 3% of the active 
sites of crystaline a-chymotrypsin was occupied using AcTrpP 
compared with 20 times as much with y-chymotrypsin in 
similar conditions, not only is in accord with expectations but 
serves as a valuable control. Active-site occupancies with 
crystalline a-chymotrypsin of 15-20%, at 25°C have been 
claimed with similar substrates!®. Attempts to crystallise 
5-chymotrypsin have been unsuccessful*’, and so it was used in 
the amorphous state. The high active-site occupancy observed 
with this physical form of the enzyme is in accord with pre- 
dictions that in very small crystals diffusion into the crystal is 
not limiting’'~**, The active-site occupancy obtained with 
y-chymotrypsin crystals is of the desired order for X-ray 
diffraction experiments. 
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As might be expected the results with trypsin are very similar 
to those for y-chymotrypsin. For the crystalline enzyme the 
active-site occupancy and acylation—deacylation rate ratio 
indicate the suitability of trypsin for diffraction studies using 
aqueous dimethyl sulphoxide and temperatures below — 50 °C. 
The explanation for the lower active-site occupancies with 
y-chymotrypsin and tryspin is probably due to errors in deter- 
mining the concentration of the active enzyme in the crystals. 

For elastase a polypeptide ester substrate as well as a p- 
nitrophenyl ester was used. Both the molecular size and the 
kinetic parameters, kea and Km, are very similar for ZAP 
and N-Ac-Ala-Ala-Ala methyl ester™™1, We have also found 
that non-covalent enzyme~substrate intermediates involving 
elastase and N-succinyl-Ala-Ala-Ala p-nitroanilide can be 
accumulated in a similar fashion to the acyl-enzyme (unpub- 
lished results). Most of the elastase experiments were carried 
out using aqueous methanol. The solubility of elastase was 
found to be much less than that of trypsin and chymotrypsin 
in the cryosolvents used. The results from experiments using 
crystalline elastase indicated that the active site occupancy for 
the peptide substrate was at least equal to or better than that 
for the p-nitrophenyl ester. The acylation reaction for the latter 
substrate with the largest enzyme crystals seemed biphasic 
(Table 2). The data obtained show that substantial concentra- 
tions of crystalline acyl-elastases can be obtained in 70% 
aqueous methanol at the pH-optimum and that at temperatures 
below —60 °C the acyl-enzymes will be stable for several days. 
Good agreement in the observed rates of acylation and deacyla- 
tion for crystalline elastase with ZAP was found in the results 
reported here and those obtained in the diffraction experiments 

Previous studies have indicated that at 25 °C the rates of 
reactions catalysed by crystalline enzymes range from 100 to 
0.3% of the rate with the enzyme in solution? ~$, At sub-zero 
temperatures we observed substantially slower acylation when 
the crystalline enzymes were used than in the corresponding 
reaction with dissolved enzyme. For example, acylation was 
approximately 20 times slower with the crystalline enzyme for 
elastase and about 15 times slower for y-chymotrypsin. As 
Table 2 shows, no deacylation was observed with the crystalline 
acyl-enzymes over 2-4-d periods at temperatures below —40 °C. 
This observation is in contradiction to the predicted deacyla- 
tion rates based on the experiments using the dissolved acyl- 
enzymes (Table 1) and suggests that the intrinsic rate of deacyla- 
tion is slowed down in the crystal by an amount at least compar- 
able with that of the acylation. One interpretation of this result 
—that the crystal lattice forces are responsible and perhaps 
hinder the deacylation by impeding a conformational change— 
is supported by the observation that in crystalline trimethyl- 
acetyl-chymotrypsin (ambient temperature, aqueous buffer) the 
rate of deacylation is 50-100 times slower than in solution, and 
that the crystals shatter after 5-10°% deacylation (F. J. Kézdy, 
personal communication). These observations are not in 
accord with the report that indoleacryloyl-chymotrypsin had 
identical rates of hydrolysis when in solution or crystalline 
phase*?. 

In conclusion, the results of this investigation show that 
temperatures in the — 50 °C to —70 °C range (depending on the 
pH*), in conjunction with suitable cryosolvents, can be used to 
accumulate essentially stoichiometric concentrations of dissolved 
acyl-enzymes from serine proteases and specific substrates. 
Furthermore, substantial concentrations of acyl-enzymes in the 
crystalline state can be obtained in a similar manner. These 
experiments can be done at pH values corresponding to maxi- 
mum activity. The accumulated acyl-enzymes (dissolved or 
crystalline) are stable for periods of days to months. By the 
choice of appropriate pH* and temperature the active-site 
occupancies and negligible deacylation rates necessary for 
X-ray diffraction studies can be attained. Confirmation of the 
results and predictions of this study are given in the accom- 
panying article? concerning crystallographic studies of an 
acyl-elastase. 
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The structure of a specific acyl-enzyme intermediate 
in the elastase-catalysed hydrolysis of N-carbobenzoxy- 
L-alanyl-p-nitrophenol ester has been determined by 
X-ray diffraction at 3.5 A resolution. The acyl-enzyme 
was stabilised by cooling the crystal to —55 °C during 
substrate addition and data collection. 





THE structure of a specific acyl-enzyme intermediate in the 
catalytic reaction of a serine protease has been determined 
by the X-ray diffraction at sub-zero temperatures. The use 
of a fluid cryoprotective solvent methanol—water, allowed 
addition of the substrate to the crystalline enzyme at 
— 55 °C. At this temperature an acyl-enzyme formed within 
I d but was stable for more than a week. This work demon- 
strates the potential of low temperature protein crystallo- 
graphy for directly determining the details of the inter- 
actions of enzymes with their actual substrates. 


Cryoenzymology 

Protein crystallography is the most powerful technique for 
observing the interactions of enzymes with small molecules 
at atomic resolution. Since protein crystals contain inter- 
molecular channels filled with the liquid of crystallisation, 
it is possible to diffuse small molecules into the crystals. 
There they can bind to the protein molecules if their 
binding sites are not blocked by molecule-molecule contacts. 
The crystal structure of the complex can then be deter- 
mined by the usual techniques. The interactions of inhibitors 
and pseudo-substrates with crystalline enzymes have been 
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studied in this way’. Until now, however, it has not been 
possible to use this approach to study the binding of an 
actual substrate, because collection of a full set of three- 
dimensional X-ray diffraction data at high resolution takes 
at least several days, while the lifetime of a productive 
enzyme-substrate complex, even in the crystalline state, is 
several seconds or less. Thus, averaged over the time of data 
collection, the observed structure will contain only a negli- 
gible amount of enzyme—substrate complex. 

The structure of a productive enzyme-substrate complex 
or an intermediate on the catalytic pathway could be deter- 
mined crystallographically if the rate of enzyme catalysis 
could be reduced considerably. Douzou has pointed out 
that this can be done by lowering the temperature’. The 
Arrhenius equation relating reaction rates to temperature 
predicts that an enzymatic reaction having an enerey of 
activation of —15 kcalorie mol”! will be slowed by a factor 
of 10° on cooling from room temperature to — 100°C. At 
this low temperature an enzyme-—substrate complex with a 
lifetime of 107s at +25 °C would be stable for 1.2 d. 
Douzou and his colleagues have made use of this effect to 
study some enzyme~substrate interactions jin solution 
spectroscopically’ and have also determined the physio- 
chemical properties of many aqueous organic mixed solvent 
systems’. These solvents remain fluid at very low temper- 
atures and, if their physicochemical parameters are 
properly adjusted, do not denature enzymes nor alter the 
rate-determining reaction step" ’. 

Recently Fink and his coworkers made a detailed study 
of the reactions of several serine proteases in both solution 
and crystalline states with ester and amide substrates in 
aqueous Organic solvents at sub-zero temperatures’. T hey 
concluded that in carefully controlled conditions the enzymes 
would function normally in this bizarre environment but 
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Fig. 1 Plots of the changes in intensity with time of two high- 

resolution Ok/ reflections of elastase as substrate is added. The 

solid curves are calculated assuming a first-order rate constant of 
54x10 s7, 


their rates were so reduced as to make direct observation 
of short lived proteolysis intermediates feasible. Fink has 
also determined conditions in which sufficiently high con- 
centrations of such intermediates can be accumulated in 
crystals and has characterised the species formed". These 
studies are invaluable for planning and interpreting X-ray 
diffraction experiments at low temperatures. 

We have extended the techniques of cryoenzymology to 
protein crystallography by cooling protein crystals immersed 
in fluid mixed solvents, and then flowing in substrate at low 
temperature. In this paper we report the results of such an 
experiment with a specific synthetic substrate of porcine 
pancreatic elastase at —55 °C in 70% methanol-30% water 
pH* 5.2 (pH* denotes protonic activity in mixed solvents at 
the specified temperatures? ™™), 


Cryoprotection of elastase crystals 


We chose a serine protease for our first experiments because 
there is a large body of kinetic and structural data avail- 
able for this class of enzymes, but many details of their 
mode of action are still disputed*. They are also attractive 
because the rate-determining step in the reaction differs for 
different types of substrate. This offers the possibility of 
trapping several different intermediates crystallographic- 
ally at low temperatures’’. We chose elastase as the particular 
crystalline enzyme to study because of its low solubility and 
high stability in alcohol-water mixtures and the very 
favourable molecular packing in its crystals. The active site 
of the enzyme faces a solvent-filled interstice 18 A in dia- 
meter, allowing the binding of large peptide substrates”. 
Blastase crystals are grown from sodium sulphate-sodium 
acetate solutions at low ionic strength. They are normally 
stabilised in 1.2 M sodium sulphate, 0.01 M acetate (pH 5.0) 
and it was in this salt-rich mother liquor that the room 
temperature crystal structure was solved by Watson and his 
colleagues”. To cool the elastase crystals to temperatures in 
the —50 °C range (which we knew to be sufficiently low to 
stabilise an enzyme~substrate complex from the work of 
Fink and his colleagues”), it was first necessary to find a 
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replacement mother liquor which would not freeze”. 

We found that elastase crystals are stable in a wide 
variety of mixed solvents, provided certain procedures are 
followed. The crystals cannot be transferred directly from 
1.2M sodium sulphate to alcohol-water mixtures, because 
of the low solubility of sodium sulphate in alcohol. The first 
step of the transfer is therefore to place the crystals in 
0.01 M sodium acetate (pH 5.0). In this salt-free liquid they 
are stable for weeks at 4 °C. Transfer cannot be made 
directly to solvents of high alcohol concentration, as this 
cracks and partially disorders the crystals. Transfer can 
safely be made, however, to solvents of low alcohol con- 
centration, and the percentage of alcohol may be increased 
to any desired level provided the gradual addition of 
alcohol is coupled with a gradual reduction in temperature”. 
Alcohol concentration and temperature are varied so as to 
keep the dielectric constant of the solvent as near as possible 
to the value for pure water“, It is important at each step 
to vary the pH of the aqueous buffered component to keep 
the protonic activity of the solvent constant’. With this 
procedure alcohol concentrations. from 10 to 80% can be 
reached with no damage to the crystals. Since a number of 
different solvents were available to us, we based our decision 
on the normality of kinetic behaviour of the enzyme in the 
solvent and its fluidity at low temperatures. Our choice was 
methanol~water (70%: 30%, v/v), a mixture of very low 
freezing point with a viscosity very close to pure water, 
even at —75 °C (ref. 5). 


Data collection and substrate binding 


To obtain stable enzyme~substrate complexes, the substrate 
must be flowed into the crystal at sub-zero temperature. 
Richards and his colleagues haved described a flow cell for 
use with single-crystal X-ray diffractometers that holds the 
crystal firmly in place while allowing liquid to flow through 
it continuously’*. We have used this device both for substrate 
binding and solvent transfer experiments. In practice, the 
crystal is mounted in the flow cell in 0.01 M acetate (pH 5.0). 
It is then cooled to 5°C on the diffractometer and the 
liquid is replaced by 20% methanol-80% water at the same 
protonic activity. The temperature is then lowered 10 °C 
and the liquid is replaced with one of 10% higher methanol 
concentration. It takes about 7 min for the wave front of 
fresh liquid to reach the crystal, and equilibration at each 
temperature/alcohol stage takes 10 to 15 min. For substrate 
binding at —55 °C a flow rate of about 2 mi d™ was used, 
with the substrate dissolved in 70% methanol and flowed 
over the crystal in the usual way. 

Data were collected on a Syntex P2, diffractometer 
specially modified for protein crystallography (G.A.P. and 
D.T., unpublished), equipped with a Syntex LT-1 low 
temperature device which was also extensively modified 
(G.A.P., unpublished). Data collection was by Wyckoff step 
scan, which enabled us to collect 2,400 reflections per day. 
All low temperature work was done at —55°+4 °C. 

The substrate chosen for this study was N-carbobenzoxy- 
i-alanyl-p-nitrophenyl ester (ZAP), as this was the substrate 
about which the most kinetic information was available’. 
It was dissolved in 70% methanol, 0.01 M acetate (pH* 5.2) 
at 3x107 M. To avoid problems due to its spontaneous 
hydrolysis the solution was made fresh twice daily and kept 
at —35 °C. : 

The use of the diffractometer—flow cell system made it 
possible to follow the binding of ZAP crystallographically. 
A small set of medium intensity reflections at high resolu- 
tion were monitored at regular intervals. Plots of their 
intensity with time were monotonic and could be inter- 
preted in terms of a first-order process with an overall rate 
constant of 5.441.310 s (Fig. 1). This is in excellent 
agreement with the acylation rate constant measured for 
the ZAP-elastase crystal system at —50 °C by Ahmed and 
Fink”, if the value is adjusted for the difference in substrate 
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Table 1 Refined heavy-atom parameters and phasing statistics 





Derivative Coordinates* Occupancył Temperature factor Ret SudS§ E 
x y Z A* 
Uranyl nitrate 0.1170 0.5851 0.3962 92 33.1 0.48 88 40 
(5 mM, 2 weeks soak at +25 °C) 
Sodium mersaly] 0.0311 0.2666 0.0637 65 25.8 0.53 104 62 
(3 mM, 2 weeks soak at +25 °C) 0.0449 0.9713 0.2125 30 10.8 
0.1763 0.7747 0.0082 6l 155.4 





*x, y and z are the heavy-atom coordinates in one asymmetric unit (one elastase molecule) in fractions of the unit cell edges. 
tOccupancy in electrons on an approximate absolute scale. 

E||(Feu-Fr)|-ful 
E| (Fey—Fp)| 

$< fu) is the r.m.s. heavy-atom structure amplitude in electrons. 

I E is the r.m.s, lack of closure of the phase triangle at the most probable phase, in electrons”. 
The mean figure-of-merit™ for the 2,981 reflections to 3.5 A is 0.73. 


[Re is the Cullis R-factor the sums being over all centric reflections". 


concentration (we observed that the rate varied linearly Phase determination 


with substrate concentration, as expected). Collection of a 
complete set of three-dimensional data to 3.5-A resolution 
was begun after the binding curves had levelled off; two 


The crystallographic binding curves suggested that sub- 
Strate was binding to the crystalline enzyme at low tem- 


days were required to collect the set. Neither low tempera- 
ture nor substrate binding caused any damage to the 
elastase crystals; indeed, the mosaic spread of the crystal 
decreasing by 25% on cooling. The unit cell parameters of 
the enzyme in alcohol at —55 °C and the enzyme-substrate 
complex at the same conditions agreed within 0.5% with 


perature, but to interpret the binding, a set of phase angles 
for the native enzyme structure was required. Phases were 
available from the earlier room temperature structure 
determination’, but we did not use them. The room tem- 
perature structure was of an inhibited enzyme: moreover, 
one of the heavy-atom derivatives used to solve the struc- 


those of the enzyme in water at room temperature ture was itself a covalent inhibitor. The phase angles from 
(a=S1.5A, b=58.0A, c=75.5A, a=B=y=90°, space this structure determination therefore might be biased to- 


wards the presence of material in the substrate binding site. 


group P2:2:2), suggesting that the three cases were mutually 
We decided to obtain phase information free from possible 


isomorphous. 
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Fig. 2 Photographs of the active site region (y — 10/60 to 50/60. z — 10/60 to 
50/60) of stacks of seven sections (x 13/60 to — 7/60) of the various electron 
density maps of elastase at low temperature. Phase angles derived for crystals 
at room temperature in sodium sulphate were used for all maps. For the 
difference maps the r.m.s. error in electron density was calculated from the 
revised Henderson and Moffat formula!*, and contours were drawn at intervals 
of this value, beginning at twice the error. Positive density is enclosed by solid 
contours, negative density by dashed lines. The ordinary electron density maps 
have been contoured at equal but arbitrary intervals of positive density; the 
interval was chosen to approximate that used by Watson ef al. in Fig. 5 of 
ref. 12. a, Difference electron density map using as amplitudes F (elastase in 
methanol at —55 ‘C)—F (elastase in sodium sulphate at +25 °C). The spherical 
negative density is due to the replacement of a bound sulphate ion by acetate 
(T.A. and G.A.P., unpublished). The molecular boundary can be determined 
by reference to Fig. 24. b, The amplitudes used in this map were 2F (elastase 
at —55 “C)—F (elastase at +25 °C). This gives a picture of the structure of the 
enzyme in methanol at —55 `C. Some of the important side chains in the active 
site are labelled. The black dot marks the position of the B-O of SER-195. 
(Compare with Fig. 5 of ref. 12.) c. Difference electron density map calculated 
with amplitudes F (elastase + ZAP at —55 °C)—F (elastase at —55 C). The 
use of elastase in methanol at —55 °C as the parent structure in this difference 
map cancels out the high noise in the solvent region seen in Fig. 2a. d, The 
difference map of ¢ superimposed on b, showing the interactions the substrate 
makes with the enzyme. The methyl group of the alanyl portion of the substrate 
points into the paper, where it is in contact with the methyl group of VAL-216. 
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bias by solving the structure of the uninhibited enzyme at 
3.5-A resolution using heavy-atom derivatives which do not 
bind in the substrate binding site. Two were quickly found, 
one of which, uranyl nitrate, was used in the earlier study”. 
All phase determination was done on the enzyme in 1.2M 
sodium sulphate (pH 5.0) at +25 °C for reasons of speed 
and convenience. Details of the phasing will be published 
separately. Though not as high in quality as the earlier 
work, the phase determination was acceptable (Table 1). 
These phases for the uninhibited native enzyme in sodium 
sulphate were used for all electron density calculations. 


Electron density maps 


In addition to the room temperature data collected to phase 
the structure amplitudes, complete sets of data to 3.5-A 
resolution were collected on elastase in 70% methanol at 
—35 °C and elastase + ZAP in 70% methanol at —55 °C. 
An electron density map of the native enzyme at +25 °C 
in sodium sulphate was virtually identical to that obtained 
by Watson and colleagues on the inhibited enzyme”. The 
only significant differences were the absence of the inhibitor 
density, the presence of a dense spherical feature in the 
active site interpreted as a bound sulphate ion™, and the 
repositioning of HIS-57 to form a complete charge-relay 
system identical to that observed in chymotrypsin’® (the 
histidine is prevented from assuming this position when the 
inhibitor is bound). 

Two electron density maps were calculated for native 
elastase in methanol at —55 °C. The first, a difference 
electron density map between the low temperature and 
room temperature crystals, has as its largest feature a hole 
at the position of the bound sulphate ion, indicating that 
this ion is lost in the salt-free mixed solvent, as expected 
(Fig. 2a). There are no significant features within the 
molecular envelope, although there are numerous peaks 
and holes in the solvent-filled interstice. The only significant 
positive features are on the surface of the molecule, and we 
have interpreted these in some cases as slight shifts in the 
position of side chains, in others as the appearance of side- 
chain density where none was visible at room temperature 
(presumably because of thermal vibration). The second 
map shows the electron density of elastase in 70°% methanol 
at —55 °C. The positions of important amino acids in the 
active site region were noted in this map (Fig. 24). 

We next calculated a difference Fourier synthesis which 
showed the difference in electron density between elastase 
and elastase + ZAP, both in 70% methanol at —55 °C. The 
only significant feature was a bilobed peak in the active site 
region (Fig. 2c). One of the lobes was within covalent bond 
distance from the -oxygen of SER-195; the other, a planar 
density feature, was interpreted as the benzene ring of the 
carbobenzoxy group. There was no density for the p- 
nitrophenol portion of the substrate. An integrated electron 
count of the peak indicated approximately 80%, occupancy 
for the substrate, in excellent agreement with the value 
found by Fink and Ahmed". When this difference map was 
superimposed on the electron density map of the un- 
substituted enzyme at —55 °C, the close contact with SER- 
195 was obvious (Fig. 2d; the black dot in the centre of the 
photograph is the fB-oxygen position as determined by 
Watson and his colleagues at 2.5-A resolution’). We in- 
terpret these maps as depicting a stable, productive acyl- 
enzyme intermediate in the catalytic process, as predicted 
by Fink and Ahmed in the accompanying article’. We 
believe that the substrate was bound to the crystalline 
enzyme, that p-nitrophenol was split off when the alanyl 
residue became covalently attached to the B-oxygen of 
SER-195, and that deacylation was prevented from occur- 
ring by the low temperature used in the study. To test this 
interpretation, we attempted to wash the crystal free of 
bound substrate at —55 °C. After 4d of continuous flow 
of substrate-free 70% methanol a set of data was collected 
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and another difference Fourier synthesis was calculated. 
The results showed no reduction in the amount of bound 
substrate, suggesting that the mode of attachment was 
covalent. When the temperature was raised to —10 °C, the 
intensity binding curves reversed, suggesting loss of bound 
substrate. Another set of data was collected after 20h at 
the elevated temperature, and this showed no detectable 
substrate remaining in the active site. | 


Low temperature protein crystallography 

We do not believe it is appropriate, at this stage of the 
analysis with its modest resolution, to use these results to 
answer detailed questions about the mechanism of serine 
protease catalysis or the nature of the catalytic power of 
enzymes. We hope that some insights into these questions 
will come from the extension of this work to much higher 
resolution and several different substrates. For example, 
since the rate-limiting step for the hydrolysis of p-nitro- 
anilide substrates is the formation of the acyl enzyme rather 
than its breakdown, binding a substrate of this type to 
the crystalline enzyme at low temperature may yield a pre- 
acyl enzyme intermediate or the Michaelis complex". This 
would give a second “‘stop-action” photograph of a dif- 
ferent point in the overall reaction pathway. Our present 
study, combined with the work of Fink and Ahmed in the 
accompanying article", which was essential for the planning 
and interpretation of our experiments, demonstrates that it 
is feasible to use low temperature protein crystallography 
to stabilise and study actual enzyme-substrate complexes. 
We believe that the technique has great potential to reveal 
the atomic details of enzyme catalysis, especially when it 
can be applied to several substrates with different rate- 
determining steps. In conjunction with kinetic and spectro- 
scopic studies of crystalline and dissolved enzymes”, this 
technique offers the hope of increased understanding of the 
events in the catalysis of reactions by enzymes. We believe 
that cryoenzymology can be applied to a wide variety of 
crystalliseable enzymes. 
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Do freely falling bodies radiate? 


Ir seems clear that, although gravitational radiation has not 
yet been detected, its existence is predicted by general relativity. 
Whether freely falling bodies, that is, bodies moving under 
gravitation alone, radiate gravitational waves is, however, quite 
unclear. This is an important question because most astro- 
nomical motion is free fall, and if radiation is not produced by 
this, there will be much less of it present than some investigators 
believe. The situation has been clearly explained by Ehlers, 
Rosenblum, Goldberg and Havas (unpublished). Briefly, the 
doubts arise because those approximation methods which quite 
convincingly predict gravitational radiation from certain 
moving systems do not apply to bodies in free fall. 

The question could be answered by suitable exact solutions 
of Einstein’s equations, Until recently, however, the known 
exact solutions for freely falling matter have been spherically, 
plane or cylindrically symmetric or have been homogeneous: 
that is, they have had too much symmetry to be realistic 
models for radiating systems. 

An exact solution has now been discovered! which is 
sufficiently unsymmetric to throw important light on the 
subject. It is a solution of Einstein’s equations for dust, which is, 
of course, matter under no forces except gravity. The metric 
iS 





ds? = —e*dr?-—e (dy? + dz*)+ dr? (1) 
where 
(r,t) P ? l 
ie a . © abh e ee a pA 
j P(r, yzy z Wir} or s @) 
P= a(r)(y? + 2°) f(y + 2e(r)z-+ clr) (3) 
ac~fr—g? = 4 (4) 


@ is a Friedmann function, that is, it satisfies the Friedmann 
equation 


go = [WP 1+ @-'S(r) (3) 


where the dot means @/ òt; a, f, g, c, W, S are arbitrary subject 
to equation (4), and a further arbitrary function arises in the 
integration of equation (5). The density p is given by 


-ubo y (6) 


where the prime means @/¢ér. By a suitable choice of arbitrary 
functions the density may be made positive everywhere; and 
it can also be made to fall off with r as rapidly as one likes, so 
the solution may be thought of as referring to a cloud of dust 
concentrated towards the centre but extending very tenuously 
to infinity. 

The motion of the dust, governed by equation (5), is one of 
expansion or collapse, as in the Friedmann cosmological models, 
but dependent on the radial coordinate r. The two-dimensional 
surfaces r = constant, f= constant are spheres and y,z are 
stereographic coordinates. The spheres of different radii are 
not concentric, however, and taken as a whole the three- 
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dimensional space of r, y and z is not spherically symmetrical. 
In fact the solution has no Killing vectors whatever for general 
values of the arbitrary functions (W. B. B., A. H. Sulaiman and 
N. Tomimura, unpublished). 

Does the space-time contain gravitational radiation ? H is not 
easy to answer this question: there is no conclusive mathe- 
matical test for the presence of radiation in a space-time, and. 
to examine the solution for a radiative flux at spatial infinity 
turns out to be difficult because of the comoving coordinate 
system in which the solution is formulated. The followmeg 
argument seems conclusive, however, Consider the portion 
of the solution (1)-(6) contained within 0 < r < ry Gy = Con. 
stant). I have shown (unpublished) that it is possible to match 
this portion to a Schwarzschild metric which is valid for 
r > ry. The Schwarzschild metric being static there is no 
radiation passing through it, so the moving dust in the region 
0 <r < ris not radiating. 

It would be quite wrong to argue from this that freely falling 
matter never radiates. The investigation does, however, show 
the existence of a class of non-radiative motions of dust in a 
space-time without Killing vector symmetries. 


W. B. BONNOR 
Department of Mathematics, 
Queen Elizabeth College, 
Campden Hill Road, 
London W8, UK 
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Globular clusters as a source of X-ray 
emission from the neighbourhood of M87 


AT least five galactic X-ray sources have been identified 
with globular clusters’™*, and it is possible that a similar 
association holds for the bright unidentified sources near the 
galactic centre’. Intense X-ray bursts have been detected’ 
from the direction of one of these (3U1820-—30/NGC 6624), 
and a star cluster, probably globular, has been found’ in 
the error box’’ of the so-called ‘rapid burster’, MXB1730— 
335. Moreover, the error box of a hard X-ray flare observed 
from the Cosmos 428 satellite’ contains NGC5904 (M5). 
This globular cluster has similar properties’ to the others 
that emit X rays, and if normally weak it is unlikely to 
have appeared in the Uhuru catalogue because of its 
position. The X-ray emission from globular clusters may 
be attributable to accretion on to compact objects, the 
accreting material being supplied from binary com- 
panions'”"*, or gas trapped in the potential well of the 
cluster. 

There are relatively few intrinsically bright optically 
observed globular clusters in our Galaxy. Counts of objects 
in the vicinity of M87, however, reveal that it has an 
extensive halo of globular clusters“, the number of which 
may exceed 10,000 within a radius of 23 arc min (ref. 19). 
The greater number of bright globular clusters in M87 
may be explicable as a population effect. The similarities 
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between the optical properties of these globular clusters and 
those in our own Galaxy suggest that the former may also 
contain X-ray sources. 

The brighter globular clusters in M87 may also be sub- 
stantially more X-ray luminous. The presence of a massive 
black hole or of captured binaries depends sensitively on 
the properties and past history of the core of the globular 
cluster. Gas to fuel a massive black hole, or single neutron 
stars, in a globular cluster orbiting our Galaxy will be 
stripped on passing through the galactic disk, and possibly 
even through the halo™. This stripping will not occur in an 
elliptical galaxy; consequently, there may be proportionally 
more gas available in identical globular clusters in M87 
than in our Galaxy. 

On either hypothesis, the average X-ray luminosity of 
individual globular clusters may be of the order of 10° 
ergs’. This raises the possibility that the integrated globular 
cluster emission may account for a substantial fraction of 
the X-ray emission observed from the region of M87 
(Lx~7X 10" ergs’; ref. 21). (Katz” has suggested that the 
X-ray emission from clusters of galaxies may be attribut- 
able to unspecified compact sources.) In support of this pro- 
position we note that the extended X-ray emission?!” from 
the Virgo cluster is centred on M87, which lies ~45 arc 
min from the cluster centroid. We expect that the general 
X-ray emission from the globular cluster will appear to be 
smcothly and symmetrically distributed about M87 at 
moderate spatial resolution. A few clusters of higher 
luminosity might be resolvable with currently proposed 
imaging X-ray telescopes. 

A similar situation may apply to the elliptical galaxy 
NGC3311 in Abell 1060, which as a cluster has been sug- 
gested as the identification for the X-ray source 3U1044— 
30°". It seems -possible that that galaxy is surrounded by a 
similar globular cluster population to that of M87 (ref. 25). 

We thank Dr David Hanes for valuable discussions. 


A. C. FABIAN 
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M. J. REES 
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Pre-terrestrial shear faulting and heat _ 
treatment of the Jamestown iron meteorite 


WE have made a metallographic examination of a 250-g slice 
of the Jamestown iron meteorite, The meteorite was first 
reported by Huntington’! as a mass of 4kg, with a dished, 
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flake-like shape of maximum dimensions 26 x 13 x 3.7 cm, and 
with two entirely different externa! surfaces—a smooth convex 
side, and a slaggy, vesicular, concave side, pitted by circular 
cavities up to 2cm in diameter, Buchwald? has reported on 
the general metallography of the Jamestown Iron but does not 
record which of the many sections of this meteorite his descrip- 
tion is based on. 

Our British Museum specimen (BM 67215) mates with that 
shown in Fig. 3 of ref. 1. Most of our general microscopic observa- 
tions are in agreement with those of Buchwald*. We found that 
phosphide is absent, daubreelite is present as rare particles, and 
troilite is present in varying degrees of shock alteration. The 
size and shape of the s-kamacite, taenite and plessite com- 
ponents are consistent with membership of chemical group 
IVA in the classification scheme of iron meteorites. 

Furthermore, the convex surface of the British Museum 
specimen retains relics of a heat alteration zone, produced by 
ablative burning during atmospheric entry. The concave 
surface shows somewhat less penetration of heat alteration but 
instead shows a considerable accumulation of the products of 
ablation melting, which Buchwald? describes as fine grained 
metallic eutectics. The Jamestown meteorite must have tra- 
versed the Earth’s atmosphere as an oriented projectile with the 
convex surface leading. 

The surface heat alteration overlies all other aspects of 
metallic macro- and microstructure which must therefore be of 
pre-terrestrial origin and not produced by impact with the sur- 
face of the Earth. Buchwald? has noted that the e-kamacite 
must have been reheated. Though it is not easy to specify the 
exact conditions of heat treatment, some limits may be proposed, 
since on low power examination the kamacite seems to consist 
of the acicular g structure noted by Jain and Lipschutz’, 
but our examination at higher magnification shows that the € 
within the bulk of the kamacite is diffused but not recrystallised. 
This absence of recrystallisation in the bulk of the kamacite 
suggests a reheating temperature below 450°C, since our 
laboratory heat treatment of the shock-hardened kamacite of 
Trenton does show detectable recrystallisation at this tem- 
perature. 

Buchwald? noted local distortion, shearing and folding of 
plessite and taenite, but did not indicate the scale of these 
effects and did not examine the detailed metallography of the 
shearing, which in some instances is encountered on a macro- 
scopic, not a local, scale. Indeed, the outstanding feature of the 
etched macrostructure of the British Museum specimen is the 
interruption to the regularity of the Widmanstatten pattern 
by the traces of at least five shear-displacement surfaces, of 
which the longest extends for 6cm and leaves the meteorite 
at two points on the leading convex edge. Others extend from 
the trailing concave surface inwards for about 2cm. One of 
the latter has developed into the shear-displacement type of 
crack that Axon and Steele-Perkins* have reported in fragments 
of the Henbury Iron. It is, however, important to recognise 
that the shear-displacements in the Henbury specimen were 
produced by the crater-forming impact of the meteorite with 
the Earth’s surface; but the shear-displacement crack in the 
Jamestown Iron is invaded by ablation melt product and is 
therefore of pre-terrestrial origin. | 

Attention has been directed to the absence of recrystallation 
in the bulk of the e-kamacite, and a reheating temperature 
< 450°C deduced. By contrast, the more heavily deformed 
material within and immediately adjacent to the surfaces of 
shear displacement in the Jamestown Iron has recrystallised. 
The zones of finely recrystallised kamacite extend on both 
sides of the shear surface to a width of about 0.15 mm, and it is 
this band of recrystallisation that accentuates the appearance 
of shear surfaces in the macrostructure. This local recrystallisa- 
tion of the heavily sheared material is consistent with the 
proposed reheating temperature, and explains why the macro- 
scopically visible thickness of the shear traces (~ 0.15 mm) in 
the Jamestown Iron is greater than in other meteorites previous- 
ly examined by us. 
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The metallographic features of the Jamestown meteorite 
would be consistent with the following history. After a period 
of slow cooling (approximately 300 °C Myr~?, according to the 
bandwidths reported by Buchwald?) in which the Widmanstatten 
structure developed, the material formed part of a massive 
projectile that impacted, and formed a crater on, some 
unknown planetismal in the Solar System. The present James- 
town meteorite is part of a fragment that was produced during 
that crater-forming event. It shows shear displacement surfaces 
and the development: of fracture by separation along the sur- 
faces of shear faults in.a manner similar to that noted by 
Axon and Steel-Perkins! for the terrestrial impact of the Hen- 
bury Iron. After. the crater-forming impact the Jamestown 
material was heated to a temperature below 450 °C, probably 
by a blanket of hot ejecta on the surface of the unknown 
planetismal. At some later stage it was released from its inter- 
mediate host, circulated in space and eventually entered the 
Earth’s atmosphere, where it acquired its heat alteration zone 
and an accumulation of ablation deposit, some of which 
penetrated a pre-existing shear fissure on the rear surface of the 
oriented projectile. 

Shock effects are common in group IVA irons, and Jain and 
Lipschutz® have noted the presence of reheating effects after 
shock in the Boogaldi, Western Arkansas, Huizopa, Charlotte, 
Yanhuitlan, Maria Elena and Social Circle meteorites. The 
massive shear traces in the Jamestown Iron are, however, so 
far unique within the group IVA irons, although the Seneca 
Township meteorite shows a similarly diffused € structure in 
its bulk. 

We thank John Wasson, who provided early copies of ref. 2. 
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Lead and radium in the lower stratosphere 


More than a decade ago Junge! found that the concentration 
of particles in the stratosphere is greater than in the upper 
troposphere, and that their main chemical constituents were 
ammonium and sodium sulphates, thought to arise from the 
ascent of their volatile precursors H,S and SO, (ref. 2). In ad- 
dition, minute concentrations of aluminium, calcium, chlorine, 
chromium, cobalt, copper, gold, iron, manganese, silicon and 
titanium have been detected*4, which, having no volatile 
precursors, enter the stratosphere as particles. As the extra- 
terrestrial fraction in stratospheric aerosols is extremely small}, 
their main source seems to be the surface of the Earth, but data 
available on the nature of such sources, and on the chemical 
composition and concentration of stratospheric aerosols are 
rather scarce—an astonishing fact, in view of their possible 
climatic impact. With this in mind, we have measured the 
concentrations of stable lead, 7**Ra and its radioactive 
daughter *°Pb at various heights. These substances enter the 
atmosphere from several surface sources, both natural and 
artificialë. The concentration of ?**Ra in particulate materials 
such as soil dust or fly ash is well known, and may be used for 
the assessment of the stratospheric content of this kind of dust, 

During the past three years we collected 112 samples of 


226Ra (pCi per 100 m? STP) 
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aerosols over Poland, from heights of 6, 8, 10 and 12km, At 
each altitude 9-15 samples were collected in 1973, 6-9 in 1974 
and 6-11 samples in 1975. The levels of the tropopause for 
each sampling profile were determined from data on the 
vertical gradient of temperature, supplied by the Institute of 
Hydrometeorology, Warsaw. 

We used 1,600-cm? PVC fibre filters, type FPP-15-1.7 (Soviet 
made), placed in collectors suspended under the wings of 
LIM-type jet planes. After wet-ashing and dissolving the 
filters, the quantities of Ra, stable Pb, 7°Pb, Sr and Cs 
collected were determined, using methods described elsewhere’. 

In Fig. 1 we present the annual mean air concentrations of 
stable Pb and 2?*Ra, found between July and November 1973, 
May and October 1974 and March and December 1975, The 
striking feature is the high concentration (comparable with ground 
level) of ?2*Ra and stable Pb at 12 km. In 1973 the mean Ra 
concentration at 12 km was 0.7 x 10~¢ pCi m—* STP, 1.6 x 107 
pCi m`? STP in 1974 and 3.5 x 10 pCi m~? STP in 1975, The 
mean stratospheric stable-Pb concentrations were 29x 10" 
ug m~? STP in 1973 and 1974 and 55.7 10°? pe m STP in 
1975. The concentrations of ***Ra which we found in Warsaw 
in the air at ground level range from 1.5 x 10% to 6,0« 10 
pCi m~? and with the mean stable-Pb concentration of 
10.0 107? ug m~? in non-urban air®. 

Comparing Figs 1 and 2, it is also interesting to note that 
the vertical gradients of ?**Ra and stable~-Pb concentrations in 
the troposphere are opposite to the gradients of the fission 
products. The concentrations of ***Ra and Pb decrease with 
altitude between 6 and 10 km, reaching minima below the 
tropopause, and increasing sharply above it. This shows the 
ground level origin of these substances, and indicates the 
existence of trapping in the stratosphere. 

Stable Pb, 7**Ra and ?Pb have been discharged into the 
atmosphere by natural sources since time immemorial, 
Volcanic activity, forest fires and the action of the wind on 
soil and sea water are estimated to contribute ~ 5.4 10 pe 
of Pb m~ of atmospheric air’ and 3x10 pCi m™ of "Ra 
(ref. 6). But the present concentrations of stable Pb and Ra 
in the stratosphere are 2-3 and 5 orders of magnitude higher 
than these estimated natural levels. It follows that the bulk of 
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these nuclides in the stratosphere is probably of artificial origin, 
unless the estimation of their natural input is wrong. Coal 
burning, phosphate fertilisers and cement production are the 
main man-made sources of Ra in the atmosphere; their 
global contributions have been calculated as 150, 400 and 
1.8 Ci yr? respectively®. 

If the mean concentration of Ra in the ~ 10 m? of 
atmosphere up to 20km, were similar to that found in the 
lower stratosphere, that is ~ 1.0 107! pCi m~, then the total 
content of *°*Ra in this volume would be ~ 1,000 Ci, a value 
not much different than the annual contribution from artificial 
sources. 

The main artificial sources of stable Pb are the combustion 
of lead alkyls in petrol, which contributes 120,000 t yr7! 
(Northern Hemisphere)!’ and the burning of coal, contributing 
3,000 t yr~! (whole world)*. For the same volume of atmos- 
phere, with a mean Pb concentration of 1.0 10°" ug m3, the 
total lead content would be 100,000 t. These tentative calcula- 
tions support the suggestion that most of 22*Ra and Pb in the 
stratosphere is of artificial origin. 

During the years 1973 and 1974 a series of Chinese and 
French nuclear explosions has been conducted in the atmos- 
phere, which is responsible for the increase of '°7Cs and Sr in 
our samples in 1974 and 1975. It is interesting to see in Fig. 2 
that "Pb concentrations in 1974 increased in parallel with 

those of fission products. In the first half of 1975, "Pb con- 
centrations increased above the 1974 level, whereas a sub- 
stantial decrease of }*’Cs and °Sr was observed. At the same 
time we found a sharp increase in the stable Pb content in both 
troposphere and stratosphere, seeming to suggest a common 
source for both types of lead. This is, however, improbable, 
as the specific activity of lead collected by us in the lower 
stratosphere is extremely high, reaching, in 1975, ~ 330,000 
pCi #°Pb per g stable lead, and, in 1974, ~ 2,400,000 pCi g`, 
3-6 orders of magnitude above the specific activities of con- 
temporary common lead, which range from 1.5 to 501 pCig™ 
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(ref. 12). This indicates that common Pb in the atmosphere is 
of no importance as a source of 2!°Pb. 

From the known concentrations of Ra and stable Pb in 
coal*?8, one can infer that the specific activity of lead in coal 
is ~ 30,000 pCi per g lead. In soil this specific activity is 
15,000 pCi per g lead". It follows that although coal and soil 
might contribute to stratospheric load of 2!°Pb, the bulk of it 
comes from other sources. Coal burning contributes yearly 
~ 200 Ci, and phosphate fertilisers 150 Ci (ref. 6). Natural 
production of *°Pb in the atmosphere from ???Rn, estimated 
as ~ 0.62 MCi yr~ (ref, 12), clearly overwhelms these sources. 
Nuclear explosions are suggested to have produced fractions of 


the reaction *°Pb(2n,y)*!°Pb, from the lead content of the 
construction of bombs", This contribution, being transient 
and of short duration, would explain the excess peak concen- 
trations of *!"Pb in the stratosphere accompanied by high 
concentrations of fission products as observed by us and 
others (P. W. Krey, unpublished). It also explains similar 
correlations found in fossil ice collected at glaciers in the 
Tatra Mts, Poland, the Jotunheimen Mts, Norway and the 
Himalayas, Nepal. 

The minute industrial sources of 7!°Pb, cited above, may 
locally influence the content of this nuclide in air and precipi- 
tation, as suggested by several authors®1 16, But the contribu- 
tions from nuclear explosions, could affect the ?!°Pb concen- 
tration on a global scale. This restricts the use of 7°Pb as a 
tracer in determinations of the age of glacier ice and in 
atmospheric transport studies. 

If the 7*6Ra content in stratospheric particulates were the 
same as in the fly ash or soil, ~ 1-5 pCig™ (ref. 11), then the 
1975 concentration of mineral matter bound to ?°*Ra would 
reach 50-250 ug m~? STP in stratospheric air, at a height of 
12 km. This is a rather high concentration. Were these particu- 
lates of artificial origin, it would imply that their accumulation 
in the stratosphere is a fairly new process, which if continued 
indefinitely might have an important climatic impact in the 
future. 
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Progressive faunal migration 


across the Iapetus Ocean 

DurinG the Lower Palaeozoic, there was a gradual increase 
in the similarity of the faunas between North America to 
the west of the Appalachians, western Newfoundland, north- 
western Ireland and Scotland on the one hand, and coastal 
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Fig. 1 The times at which faunas became common to both sides 
of the Lower Palaeozoic Iapetus Ocean. a, Closure of ocean 
(Norway); b, freshwater fish; c, benthic ostracods; d, trilobite 
and brachiopod species; e, trilobite and brachiopod genera (? 
island hopping); f, Didymograptus bifidus; g, Dictyonema. 


New England, southern New Brunswick, Nova Scotia, 
eastern Newfoundland, England and northern Europe on 
the other hand. The best explanation for this is that the 
Iapetus (or Proto-Atlantic) Ocean was wide enough to 
separate two faunal provinces in Cambrian times, and that 
there was progressive migration of the more mobile com- 
ponents of the faunas as the old ocean closed (Fig. 1). The 
pelagic animals crossed first, followed later by animals (trilo- 
bites and brachiopods) with pelagic larval stages; but 
animals without a pelagic larval stage (such as benthic 
ostracods) were not able to cross until the ocean had 
closed at one point, though not necessarily everywhere 
along its length. Finally, faunas limited to fresh water or 
brackish water (like many Devonian fish) did not cross until 
there were non-marine connections between the continents 
on either side of the closing ocean. 

Pelagic graptolites were among the earliest animals to 
appear on both sides of the ocean. The many-branched 
Dictyonema flabelliforme migrated across in the Tremadoc; 
but it was not until the Llanvirn (towards the end of the 
early Ordovician) that most other graptolites became similar 
on both sides. The two-branched Didymograptus bifidus, 
for example, appears in the Arenig of Texas, but did not 
reach England and Wales until the Lianvirn’. 

The next groups of animals to cross were those with 
pelagic larval stages, notably brachiopods and trilobites. 
Most genera in these groups were confined to one or other 
side of the Iapetus Ocean during the Cambrian and early 
Ordovician; the few cases where genera characteristic of 
different faunal provinces occurred together (including New 
World Island, Newfoundland) have been interpreted? as 
sites of oceanic islands colonised by sporadic spatfalls, which 
became centres of evolution and migration. The late Ordo- 
vician (Caradoc) brachiopod and trilobite faunas show less 
marked distinctions’*; though most species are distinct, 
many genera are common to both sides of the ocean. It is 
not until the latest Ordovician (latest Ashgill; post- 
Richmond) that most species of brachiopods and trilobites 
became identical in Europe and America. 
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The specific distinctions in the Caradoc and early Ashgill 
indicate that, at its narrowest point, the Iapetus Ocean must 
have still been wide enough to prevent free crossing by 
most trilobite and brachiopod larvae. There are two quite 
distinct ways of measuring the width of the ocean at this 
time: by analogy with modern pelagic larva, and by analogy 
with modern rates of subduction. 

Most modern brachiopod larvae have a pelagic stage of 
less than one week, though it may be as long as. three 
weeks’, and 80% of decapod larvae have ranges of between 
2 and 7 weeks*. But benthic marine invertebrates commonly 
have a much longer larval life in the tropics, (for example, 
7 to 43 weeks for tropical gastropods’). Britain and eastern 
Canada were at about 20°-35°S during the late Ordovician’, 
so we conclude that the late Ordovician brachiopod and 
trilobite larvae (which seem to have crossed the Iapetus 
Ocean more or less simultaneously) may have had a larval 
duration of about 7 to 14 weeks. Data from Thorson’ and 
Scheltema” suggest that larvae with this lifespan could pos- 
sibly travel across an ocean between 2,000 and 4,000 km 
wide. 

We have estimated that subduction occurred to the north 
of the Iapetus Ocean (in Scotland and north-western Treland) 
between 530 (the age of the Oughterard granite of County 
Galway) and 390 Myr ago (the Glencoe Caldera of Scot- 
land), a duration of 140 Myr; southward subduction occur- 
red between 490 Myr ago (the Borrowdale Voicanics of 
northern England) and 440 Myr ago (the Mendip Hills and 
the Skomer Volcanics). If the average subduction rate 
during these periods was 4 cm yr, then some 7,600 km of 
ocean crust may have been subducted between the late 
Cambrian and mid Silurian. Of this, some 4,800 km would 
have been subducted before the late Ashgill; thus, some 
2,800km of ocean crust might have existed in the late 
Ashgill. This argument assumes that an active spreading 
centre no longer existed in the late Ashgillian Tapetus 
Ocean; if it did exist the ocean could have been narrower. 
The estimates from pelagic larval migration and from sub- 
duction rates thus both suggest that the ocean had a mini- 
mum width of around 2,000-3,000km during the late 
Ashgill. 

The lIapetus Ocean probably did not have parallel 
margins; there is some evidence to suggest that it may have 
been wider in eastern Canada and the northern Appala- 
chians than in Europe. The first closure occurred in the 
north-east’, when Greenland and the Baltic Shield collided 
during the late Silurian. This date is supported by evidence 
from freshwater fish : the first recorded species to cross the 
Iapetus Ocean did so between Scotland and Norway during 
Wenlock or Ludlow times”. 

Subduction of ocean floor continued through the Silurian 
and early Devonian in the region between Britain and the 
northern Appalachians, and continental collision in this 


region (as opposed to Greenland and Norway) did not take 


place until after a large proportion of the Lower Devonian 
rocks had formed. The time of collision in this area is 
clearly related to the Acadian Orogeny, which can be dated 
as middle Emsian, that is, towards the end of early Devonian 
time". 
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Chronological evolution of the Kerguelen 
Islands syenite-granite ring complex 


ALKALINE syenites in the Rallier-du-Baty peninsula of the 
Kerguelen Islands? intrude and metamorphose the basaltic 
lava flows which constitute the major part of the islands”. 
Recent work’ has revealed the existence, in the peninsula, of 
five ring complexes consisting mainly of syenites containing 
from 2 to 15%, normative quartz (Figs | and 2). The southern 
complex is the largest, and consists of nordmarkites (ring 
dykes a, b, c) and of quartz-rich syenites and alkaline granite 
(ring dykes d, e, f). Some minor intrusive bodies of gabbros (G) 
and nordmarkites (£) are located on the margins of the southern 
centre (Fig. 2). Chilled margins and enclaves in each individual 
ring dyke clearly indicate that the sequence of intrusions is 
centripetal. Furthermore, the contact relationships between the 
centres show that the magmatic activity has migrated north- 
wards. Previous K-Ar data? have indicated that a syenite from 
the southern ring complex was emplaced 8.7--0.9 Myr ago, 
whereas basaltic flows were erupted during the late Oligocene. 
An additional K-Ar age of 11.5~-0.2 Myr was obtained for a 
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Fig. 1 Location map of the Rallier-du-Baty peninsula (RB) in the 
Kerguelen Islands. 


metabasalt collected near the contact with the syenites and was 
interpreted? as the minimum value for the time of eruption of 
the basalts. 

Using both K-Ar and Rb-Sr geochronological techniques, 
we have dated a series of samples, carefully selected from 
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Rb-Sr results (see Fig. 3. Nm, Magnetic 
North; Ng, geographical North. 
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individual ring dykes in the southern centre (see Fig. 2 for 
sample localities) and have obtained the following results: 
(1) Both K-Ar and Rb-Sr methods yield consistent ages 
ranging from ~ 15 Myr for the minor olivine~gabbro intrusion, 
and 12 Myr for the outer syenitic ring dyke, to ~ 7 Myr 
for the inner ones and the core, with an interval of ~ 1 Myr 
between the emplacement of adjacent ring dykes. (2) Most 
of the dated samples (Fig. 3) have very high Rb/Sr ratios (up 
to 300). Three whole-rock Rb-Sr isochrons yielded significantly 
different ages (9.40.3 Myr; 8.3-0.2 Myr; 7.64-0.2 Myr) 
but they all have very similar initial **Sr/**Sr ratios. The 
7.6+0.2 Myr isochron, however, combines various samples 
from the three inner distinct ring dykes (d, e, f) made up of 
alkaline granites and quartz syenites. 

Some additional samples from the western, north-eastern, 
and intermediate centres have also been measured using the 
K-Ar method. The ages of the group of complexes range from 
> 12 Myr in the south, to < 5 Myr in the north-east. These 
data are in agreement with the deductions made from the field 
observations and suggest that the magmatic activity migrated 
at.a very slow rate during the Upper Miocene. 

The very high, yet variable, Rb/Sr ratios, as well as the 
radiogenic nature of the samples from the southern centre, 
allow a fairly precise whole-rock Rb-Sr isochron to be ob- 
tained for these very young rocks for the first time. The centri- 
petal age distribution in the southern centre may reflect the 
consequence of a progressive cooling from the outer ring 
dyke to the core; however, the presence of chilled margins in 
the outer part of the ring dykes a, b, c and d (Fig. 2) practically 
rules out such a possibility. The whole-rock Rb-Sr ages are 
therefore interpreted as the individual times of crystallisation. 
The duration of about 5 Myr for the igneous activities in this 
ring complex is especially informative in terms of the formation 
of one complete ring complex. Although other similar ring 
complexes have already been studied in New Hampshire, 
Nigeria, Niger and Rhodesia —, the actual time span for the 
development of igneous activity in a single ring complex 
could not be obtained because of the overlap of the analytical 
errors for the individual ages in successive intrusions. 

The initial “Sr/"Sr ratios for the three isochrons are: 
0.7059 --0.0003 for ring dyke b, 0.7056 +-0.0004 for ring dyke c, 
and 0.7057 -0.0004 for all three inner ring dykes d, e and f and 
these values are in agreement with previous data!®"_ Using 
Hedge’s measurements, the calculated initial *’Sr/**Sr ratio is 
0.7055 for three syenitic samples from the southern complex 
and one sample from a gabbroic intrusion of the Courbet 
peninsula. We suggest therefore, that the source regions for 
different ring dykes have the same Sr isotopic composition. 
Furthermore, the interval between the production of melt and 
the final crystallisation may have been very short (< 1 Myr in 


this case), because, in our opinion, the very high Rb/Sr ratio 
could produce a very rapid increment in the *’Sr/*Sr ratio in the 
melt if fractional crystallisation was prolonged, The distinctly 
high initial **Sr/**Sr ratios reported? in some geochemically 
similar rocks (Rb/Sr up to 1,200) from Nigeria. which have 
previously been interpreted in terms of crustal contamination, 
may have an alternative interpretation if the liquids took a 
longer time to crystallise finally. 

The question of whether continental crust or oceanic 
crust!!! exists beneath the Kerguelen Islands cannot be re 
solved from the Sr isotopic data alone. But neither do we have 
any geochemical or geological (xenolithic) evidence for the 
presence of continental material under the basalts. 
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Native copper in DSDP sediment 
cores from the Angola Basin 


Lec 40 of the Deep Sea Drilling Project (DSDP) drilled two 
holes in the Angola Basin: site 364 and site 365 (Fig. 1). Native 
copper was found in two samples (364-5-2, 19-21 cm and 
364-5-2, 22-24 cm) from one of the cores taken at site 364. The 
botryoidal form of most of the copper grains initially suggested 
formation in situ and the subsequent discovery of copper casts 
of planktonic foraminifera removed any lingering thoughts of 
contamination. This is not the first report of native copper in 
DSDP cores. Most other occurrences have, however, been found 
in basement rocks (for example, site 282) or in the sediments 
immediately overlying basement rocks (site 105), whence the 
copper was presumably derived. The copper reported here occurs 
at least 3 km above volcanic basement rocks, and no copper 
has yet been found in samples above or below it. Only at site 149 
(Venezuelan Basin) has copper previously been found in non- 
basement-associated sediments. There it occurs as “a number of 
very small metallic incrustations” in one core of pelagic clay’. 

Site 364 was drilled in a water depth of 2,449 m (see Fig. 1). 
The copper rests in moderate yellowish brown (1OYR 5/4) to 
light olive grey (SY 5/3) Miocene marly nannofossil ooze at a 
depth of ~ 152 m below the sea floor. Native copper was found 
in only the samples mentioned, although all other samples at the 
writer’s disposal from this site (364) and the adjacent site (365) 
were carefully re-examined after copper was found. The sample 
at 22-24 cm contained five grains of copper whereas the sample 
at 19-21 cm contained several dozen. My data refer only to the 
latter sample. 

Native copper makes up 12° (by weight) of the total sample. 
The copper grains are metallic reddish-brown, mostly botryoidal 
masses, and individually range up to 4 mm across. A number of 
copper casts of planktonic foraminifera (Fig. 2) are also 
present (the frontispiece of vol XL, Jnitial Reports of the 
Deep Sea Drilling Project carries colour photographs of several 
of these grains). Many of the grains of copper are partially 
coated with very light green calcium carbonate and clay; 
most, but not all, of this coating is soluble in dilute HCI. The 
greenish tint is probably caused by reaction of the copper 
with the surrounding carbonate-rich sediments, forming 
copper carbonate. 

Table 1 shows that, with the exception of small amounts of 
sulphur, the grains can be considered wholly copper (the 
concentrations of the other elements, if real, are negligible). 
The presence of 0.18°, and 0.64% sulphur suggests a very 
small amount of copper sulphide may be present. The copper 
value in the < 89-j1m diameter size fraction is obviously 
vastly higher than in normal marine sediments', indicating 
that minute copper particles are also present in this fine fraction. 
Concentrations of the other elements in this fraction are more 
or less normal for marine sediments. 

The presence of native copper in any natural environment 
(whether igneous, metamorphic, or sedimentary) is always 
somewhat surprising in view of the ease with which copper 
combines with other elements (especially sulphur). Nevertheless, 
copper abundantly exists in this form in a diversity of environ- 
ments, and the literature on the subject is voluminous. Its 
presence in sedimentary rocks, the concern of this study, is 
less common than in igneous rocks, but the literature is still 
extensive*’®, 

Onshore erosion and mechanical transport of these particles 
to site 364 may be discarded as a possible mechanism of origin. 
It is difficult to imagine transport which would bring only 
copper grains to this site, without other terrigenous grains as 
well. Moreover, the copper grains are not rounded and abraded, 
as would be caused by any transporting mechanism capable of 
carrying these large grains. Finally, the presence of copper- 
infilled planktonic foraminifera conclusively proves an in situ 
deposition from copper solutions. 
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Fig.1 Location map after Emery et al.™* showing site 364, where 
native copper has been found, and site 365. Isobaths in metres. 


Syngenetic origin of copper in marine sediments requires: 
first, a source of the metal; second, transporting solutions and a 
force to move them and third, a precipitating agent. Several 
conceivable origins for the metal: a deep-seated magma, with 
ascending hydrothermal solutions carrying copper, extraction 
and concentration of copper from seawater by microorganisms, 
whose death causes localised enrichment of copper in the 
sediments (for example, the Kupferschiefer Formation*~), 
or, finally, copper solutions derived from a submarine basaltic 
extrusion and transported to the site by currents. 


Fig. 2. Electron microprobe scan showing homogeneous distri- 
bution of copper in a planktonic foraminifer cast. All light areas 
are copper; dark areas within the cast are unfilled spaces. 
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Several lines of sedimentological and chemical evidence 
militate against the first two possibilities’, and the third possible 
source is the most attractive. This type of source has been 
described as ‘‘volcanic emanations” or “hydrothermal exhala- 
tions” by many authors. Geochemical evidence has been pre- 
sented which would seem to prove the presence of submarine 
hydrothermal solutions*. The margins of hot, submarine- 
erupted basaltic rocks are quickly cooled, forming pillow 
structures whose chemistry approximates the chemistry of the 
erupted liquid. The slowly cooled interiors of the flows are, 
on the other hand, depleted in certain elements which are 
known to be enriched in pelagic sediments and manganese 
nodules’. This depletion is caused by seawater entering the 
eruptive flow through contraction fractures, being heated, and 
dissolving volatiles and metals concentrated in the residual 
phases within the interior of the extrusion. Metals are then 
mobilised as chloride complexes". This is in accord with work 
showing that a Na-Ca-Cl brine is a potent solvent for copper 
and other metals*. 

This heavy, metal-enriched brine could be expected to flow 
over the sea floor, directed by gravity, bottom currents, or both. 
It is tempting to consider the north-east-south-west trending 
Cameroon Volcanic Zone as the possible extrusive source. 
This volcanic zone extends almost 600 nautical miles off- 
shore, the terminal end being <700 nautical miles north of 
site 364 (Fig. 1). Moreover, the offshore segment is known to 
have extruded basalt during the Miocene’. Present-day move- 
ment of bottom currents in the eastern Angola Basin is to the 
south’®. If a similar circulation prevailed during the Miocene 
—and it is believed that Neogene current patterns were similar 
to those of today''—transport of the brine to the site 364 area 
would have been the result. 

No matter where a copper solution came from, or how it 
eventually reached site 364, some agency caused it to precipi- 
tate native copper. Organic matter has been suggested as a 
possible agent'**. There have been several reports of native 
copper forming in modern peat swamps rich in organic 
matter?*~™. This is especially intriguing in view of the occurrence 
of authigenic marcasite at site 364 (ref. 15). Marcasite is a 











Table 1 Analysis of selected elements 
Electron microprobe (%) X-ray fluorescence (p.p m ) 
Foraminifera Mass <8Lum fraction 
aorta Specimen 
2 
Cu 99 92 99.08 99.83 Cu 3,029.38 
S 0.18 — 0.64 Sr 556.20 
Ca 0.08 — 0.01 zn 204.75 
Mg 005 — 00! Rb 95.46 
Al 005 — 0.01 Ni 90.47 
Fe 0.04 — 0.06 Zr 74.32 
K 0.02 — 0.00 Y 20.62 
Mn 0.01 — 0.01 Nb 6.92 
Sı 0.00 — 0.03 
Ti 0.00 — 0.01 
100.35 100 61 





mineral normally associated with peat swamps and is unusual 
in the marine environment. Its sporadic occurrence at site 364 
suggests periodic conditions of extreme acidity. Bacteria may 
assist Organic matter in precipitating native copper in acidic 
swamps. Indeed, metallic copper has been produced experi- 
mentally from copper solutions by using swamp bacteria. 
Apparently native copper is formed by the reaction of bacterial 
waste products with copper solutions!” A concentration of 
organic matter may have been the precipitating agent at site 
364, even though the sediments are not enriched in organic 
matter today. 

Many questions still remain unanswered. Why, for example, 
are no other metals or their sulphides (other than pyrite) 
found at this horizon? Surely hot brine would have dissolved 
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other metals from basalt, if this were the source. Perhaps the 
fact that the common metals precipitate (as sulphides) in the 
order Cu, Zn, Pb, Ag may be relevant. Could copper have 
been precipitated here, early and alone, then the brine trans- 
ported elsewhere to deposit other metals? 

The foregoing discussion of the origin of this copper is highly 
speculative; it would be naive to think that a final and complete 
answer can be given yet. Nevertheless, it is hoped that the 
hypotheses presented will stimulate further ideas on the genesis 
of this unusual copper deposit. 

I thank Mr R. S. Rickard for operating the microprobe and 
Professor R. V. Dingle and Mr J. H. W. Ward for helpful 
comments. 
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Experimental evidence that oxygen is the 
principal impurity m natural diamonds 

In virtually all treatments of the physical properties of 
natural diamonds, mdtrogen is considered to be a major 
impurity and is used to explain many properties (see ref. 1). 
This is true because of the analysis of ref. 2 where a good 
correlation between nitrogen concentration and optical 
spectra was found. Those results were obtained from the 
conversion of diamonds to graphite in a carbon crucible. 
The report that mitrogen is the major impurity in type 1 
diamonds can be tested indirectly and qualitatively by 
analysing occluded gases released by crushing such 
diamonds. Numerous experiments in this laboratory on 
diamonds from Africa, North and South America have 
failed to show that nitrogen is the major impurity in 
natural diamonds’* and we decided to reinvestigate the 
composition of gases released by the conversion to graphite 
of natural diamonds. We found oxygen and hydrogen to be 
the major impurities, and nitrogen to have only a minor 
role. 

The diamonds used were both type I and type I (as 
characterised by ultraviolet absorption’), and free of detect- 
able inclusions under binocular microscope examination at 
90x Their body colour ranged from colourless to pale 
yellow and their weight ranged from 0.070 to 0.200 g. Pos 
stble contamination of the gases released from the surface 
of the apparatus was minimised by transforming the 
diamond crystals in a resistance-heated rhenium filament 
located near the centre of a large Nonex glass vacuum 
chamber. The vacuum chamber was attached to the inlet 
system of a research mass spectrometer’. Before being con- 
verted to graphite the diamond crystals were maintained 
at a temperature of 800°C and a vacuum of 10°*mmHg 
for several hours to remove possible surface contamination 
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Table i Analysis of gas released by the conversion under vacuum of a natural type I diamond (0.143 g) to graphite 





Gas 
TCC) 1,500 1,800 1,900 
H, 8.69 7.60 6.53 
CH, 0.46 0.22 0.27 
H,O 0.89 3,03 9.90 
Co 78.98 87.12 79.57 
N, 1.05 0.86 0.90 
Ar 0.03 0,02 0.02 
CO, 9.90 1.15 2.81 
Volume* 
(com? STP) 0.05 0.06 0.06 


aaa RRRA aaaeeeaa 


Percentage abundance (volume) 


> oy 2,700 2,900 
3.20 2.42 7.41 4.65 
0.16 0.26 0.27 0.14 
4.15 2.39 3,02 5,12 
90.67 90,88 84.68 86.09 
0.78 0.82 0.73 0.79 
0.02 0.02 0.01 0.02 
1.02 3.21 3.88 3.19 
0.07 0.05 0.03 0.01 


*These volumes correspond to the following average weight % of atoms: H = 10.0%, C = 28.1%, N = 2.5%, O = 59.2% and Ar = 0.2%. 


The several natural diamonds, both type I and type H 
from Arkansas, USA used, gave relatively consistent 
results. Analytical data from a typical experiment on a type 
I diamond are given in Table 1. The gases released from the 
diamond, in decreasing order of abundance, were CO, Hz, 
H0O, CO, N:, CH; and Ar. The average atomic weight 
% ig O=59.2, C=28.1%, H=10%, N=2.5% and 
Ar=0.2%. These data are consistent with the gases released 
by the crushing of numerous other diamonds in vacuo", 

To determine the amount of contamination derived from 
the apparatus, two different approaches were used: first, 
control experiments with no diamonds present were carried 
out to determine the amount of gas released from the 
apparatus and second several diamond crystals were con- 
verted to graphite at lower temperatures using platinum— 
rhodium filaments. These experiments showed that the 
maximum level of contamination for nitrogen was < 0.1% 
and that for other gases < 1%. 

Since Kaiser and Bond? used graphite in their 
experiments, we conducted a control experiment with 
graphite. Gas release from a preconditioned sample of 
spectrographic grade of graphite at 2,000°C showed 
nitrogen to be the major component. 

This work was supported by the NSF. 
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Nightglow and a new band 
system in molecular oxygen 


I propose here that the transition "Et, > +A, in O, is res- 
ponsible for previously unidentified features in the nightglow 
from the Earth’s atmosphere, and in observations of radiation 
emitted from recombining atomic oxygen in the laboratory. 
The transition violates the approximate selection rules AS = 0 
and AA = 0, +1 (ref. 1); it may be compared with the transi- 
tion 'A, -> E~, which, in addition to violating these selection 
rules, also violates the rigorous selection rule g«-/-> gforelectric 
dipole radiation, and so proceeds by magnetic dipole radiation?. 
The transition Et, -> A, may therefore be significantly 
stronger than the transition 'A, ~> °27,. 

An accurate calculation of the wavelengths of the origins of 
the various bands of the "Et, tA, system is not possible, 
since only the lowest two vibrational levels of the free ‘A, mole- 


cule have been observed. In Table 1 we present a Deslandres 
array based on data given by Krupenie*. The entries underlined 
correspond to features which are clearly present in published 
nightglow spectra‘. In particular the unexplained features 
pointed out by Chamberlain* and Hennes? are accounted for. 
The bands fall near a Condon locus which corresponds closely 
to that found for the Herzberg I system? (2+, — E~), where 
the Franck—Condon factors will be similar. Other bands of the 
35+, > 1A, system may well be present in the nightglow, but 
are unclear because they coincide with bands of the Herzberg I 
system, or because they are weak. Such possible identifications 
are underlined with dashed lines. 

As in the case of the Herzberg I system, there are a number of 
coincidences and near coincidences in wavelength of band 
origins. This arises because the vibrational quanta of the 
1A, state are approximately twice as large as those of the 
3+, state. In cases where two or more bands might be present 
on wavelength considerations alone, comparison with bands 
present in the Herzberg I system® provides a useful guide. Thus, 
for example, we identify the feature at 3,789 A (refs 4 and 6) 
with the (3,2) band rather than the (1,1) band, although both 
are predicted to have an origin at 3,786 A. Also, preferential 
population of the upper vibrational levels of °2*, is characteris- 
tic of the nightglow®. It is possible that emission from lower 
vibrational levels of °Z+, to 1A, is present in the nightglow, 
and contributes to the weakly banded blue pseudocontinuum’, 
but identification is not possible. 

Laboratory investigations of the radiation emitted by 
recombination of atomic oxygen??? have shown the presence of 
numerous features between 3,500 A and 5,000 A which do not 
belong to the Herzberg I system. Degen" has presented a 
high resolution spectrum of a band with its origin near 4,007 A, 
and stated that most of the other unidentified bands seem to 
belong to this system. The rotational structure is complicated, 


snunampnatinanemtesiaaninntasecaiaa O AENA OITA MANATEE namaia 


Table 1 Calculated band origins in A for the system °Z*u —> *Agin Og 





v” 0 1 2 3 4 5 
0 3,687 3,900 4,135 4,395 4,685 5,008 
! 3,584 3,786 4,007 4,251 4,521 4,822 
2 3,491 3,682 3,891 4,120 4,374 4,655 
: 3,407 3,588 3,786 4003 4242 4,506 
4 3,330 3,503 3,692 3898 4124 4,373 
5 3,261 3,427 3,607 3803 4018 4,254 
6 3,199 3,359 3,531 3,719 3,925 4,150 
7 3,144 3,298 3,464 3,645 3,842 4,057 


menit ave merean arena 
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Entries fully underlined seem definitely present in the nightglow; 


those partially underlined are probably. present. Entries for v > 7 


are omitted because these levels of *E*u are believed to be absent in 
the upper atmosphere at night. 


ri 
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as is to be expected for the *£+, — 14, system, which, like the 
1A: — °Ł, system, will have nine branches, three Q-form, 
two P-form, two R-form, one O-form, and one S-form (ref. 1). 
In general the calculated band origins in Table 1 are a few A less 
than the band positions observed in the nightglow and in the 
laboratory. Thus we identify Degen’s band at 4,007 A with the 
(3,3) band. This may be partly because the bands are red 
degraded, and the levels corresponding to J=0 and 1 in 
1A, are missing, and partly because the vibrational terms for 
y > 1m “4A, need revising. A successful analysis of the rotational 
structure observed by Degen in terms of the transition 
7x +, —> 1A, would not only confirm this identification but also 
give accurate values for the higher vibrational terms of 1A,. 
The hypothesis presented here seems superior to the proposal of 
Chamberlain’® that some of these features are due to the 
7A, — 1A, transition in O,; not only do the wavelengths seem 
to agree better, but the °£+, state is already known to be 
present in laboratory systems and in the upper atmosphere at 
night. The contribution of either process to the population of 
the 1A, state observed in the nightglow will be negligible. 
I thank Dr M. Gadsden for comments. 
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Imagery, affective arousal 
memory consolidation . 

A DISPARITY exists between the methods and theory that 
have been developed to study human memory and those 
used in animal learning studies. Present research strategies 
in human memory focus on (1) differences in the stimuli- 
to-be stored in memory (such as the extent to which words 
can be encoded)’; (2) conditions that precede new learning 
which influence the acquisition, stimulus transformation 
and encoding of input; (3) the context in which information 
is presented at the time of storage or retrieval from memory 
(where context determines the specific encoding strategy 
used to store and retrieve information)’; and (4) conditions 
that affect storage decay (such as those which might prevent 
rehearsal or precipitate “unlearning” of information stored 
in memory). The main theme of this research stresses 
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stimulus characteristics, often causally defined, as deter- 
minants of input-output relationships in memory. Few 
attempts have been made to develop the structural detail 
of human memory with respect to underlying biological 
mechanisms. 

Studies of biological determinants and mechanisms of 
learning and memory have generally been on animals and 
have focused on meurochemical and neurophyslological 
conditions that alter learning or retrieval. Unlike human 
learning studies, these have involved physiological manipu- 
lations of brain after learning has taken place, at a time 
when experience is thought to be consolidated in memory. 
This research and its developing theory have emphasised 
the role of time- and intensity-dependent, specific and non- 
specific, brain state arousal in memory consokdation’. 
Unfortunately, few bridges exist between the methods and 
theory used in the biologically oriented animal learning 
studies and those thought useful in researching human 
learning. In this study we have attempted to integrate these 
two territories of findings and theory through manipulations 
of stimulus imagery and consequent encodability and of 
arousal using measures which in separate studies and 
approaches reliably affect recall probability. 

Forty college students were first practised and then in- 
dividually tested in a control condition and one of four 
experimental conditions. In the control conditon, subjects 
viewed eight different groups of four common English 
words, each group consisting of two easily and vividly 
imageable words and two words difficult to image’. After 
viewing each word group for 48, subjects were asked to 
produce a single representative word which would serve to 
integrate each cluster of four words and to rehearse, or 
think about, the to-be-remembered words, for 10s. After 
the subjects had seen and rehearsed all of the 32 words, 
they were engaged in a non-verbal distracting task for 
10 min and then attempted to recall the presented words. 

Different groups of these same subjects, ten in each, were 
also tested under one of four experimental conditions, con- 
stituting an imagery mnemonic and/or affective arousal 
manipulation superimposed on the control procedure. In all 
of these experimental conditions, subjects were provided 
with pictures projected from slides which were designed to 
help them organise input and aid recall. Pictorial sttmuli 
depicted common human imteractive themes, and were 
standard but ambiguous stimuli with known response 
characteristics [Thematic Apperception Test (TAT) plates 
1, 3BM, 4, 5, 6BM, 7, 11, 13MF] which are used cHnically 
to elicit emotionally rich themes as a projective personality 
test. In two of the conditions, these stimuli were presented 
for 10s before the 4-8 presentation of each cluster of four 
to-be-remembered words. The two remaining conditions in- 
volved presenting word clusters first (4s) followed by the 
10-s exposure of these same TAT slides during the time that 
to-be-remembered words were being rehearsed in immediate 
memory. Finally, one of each of the above two groups 
viewed the TAT slides under an instructional set to “get 





Table 1 Free recall of words as a function of the timing of imagery mnemonics and affective arousal experiment conditions 


Mean total word recall HI 
LI 
W/C 
Change in recall produced by experimental 
comditions compared with control per- 
formance HI 
LI 


Subjects were studied in the oes conditions: a control involving word recall without the use of i 


four experimental conditions, two 


of affective involvement before the presentation of word cluster 


T: T, TA T,A 
6.5+0.4 7.4412 8.3+0.8 11.1 +0.9 
3.9+0.5 4.3+1.0 5.0+0.7 7.8+0.8 
1.8+0.1 2.2+0.1 2.2+0.1 2.6+0.2 
1.60.7 0.5+0.9 1.0+0.8 3.7+1.3 
1.30.6 1.0+0.8 1.2+1.0 3.8+0.9 


mnemonics or affective arousal; 


ving only the use of an imagery mnemonic before the presentation of to-be- bered clusters 

(T,) or after the presentation of these four-word sets Ty and the remaining two conditions using the gery ainencalk a 
, (T-A) or after their presentati 

Imagery words; LI, low imagery words; W/C, average number of words per recalled cluster. i 


mnemonic with the induction 
g rehearsal (T,A). HI, High 


312 


involved with the projected interpersonal theme, by think- 
ing about your own personal, relevant experiences”. This 
manipulated set had been pretested in an independent group 
of 20 subjects and was shown to produce significantly higher 
self-ratings along a continuous global scale* of affective in- 
volvement compared to a set of eight non-projective test 
stimuli. These subjective ratings were also significantly 
greater than those produced in response to a content- 
equivalent set of conditions in which no such instructional 
set was introduced. At the same time, these two sets of 
stimuli produced the same ratings on a global imagery scale 
used to measure the effectiveness of the stimuli as an 
imagery mnemonic. | 

The contrasting effects of these conditions on components 
of recall were examined by means of a series of ANOVA. 
Results are displayed in Table 1 which describes changes 
in: (1) recall of high compared with low imagery words; 
(2) total recall of words; (3) the number of words per 
cluster that could be recalled (a measure reflecting within 
group structure or salience where words per cluster 
measures different memory processes than are involved in 
accessing a higher order memory unit, cluster recall’). The 
number of clusters of presented information recalled, 
where at least one item from that cluster was remembered, 
is a measure that reflects retrieval of higher order memory 
units and access to these structures stored in memory’. The 
number of groups of words recalled is the quotient of total 
word recall and word per cluster recall. 

Analysis of variance demonstrated the following patterns 
of statistically significant effects. Control conditions con- 
sistently produced lower total recall scores than the experi- 
mental conditions, an effect due to fewer clusters of words 
recalled rather than differences in words per recalled 
clusters (F=9.62; d.f.=4, 45; P<0.01). In all conditions, 
more high imagery than low imagery words were recalled 
(F=7.63; d.f.=1, 45: P<0.01). Apparently the use of the 
imagery mnemonic made both high and low imagery words 
more accessible in memory. Imagery seemed always to 
change the salience of the stored stimulus trace. 

Affective arousal strongly facilitated recall when informa- 
tion was already in memory, during a period of rehearsal 
and consolidation (F = 8.14, d.f. 3, 27; P<0.01). Affective 
arousal was not effective at the time of information storage 
itself. Post-storage arousal facilitated recall, but increased 
not the number of higher order memory units (clusters) 
which could be retrieved but the number of words recalled 
per cluster (intrastructure salience). 

Generally, treatments used in typical human memory 
studies are effective in inducing changes in the recall of 
higher order memory units but have little effect on recall 
of elements within such structure. In spite of the changes 
in recall produced by imagery and post-storage arousal, 
retrieval strategies for accessing memory were not altered. 
For example, neither input serial position effects on recall 
were altered by any of the manipulations used here, nor was 
output sequencing or clustering, or the tendency to maintain 
the integrity of higher order memory units at time of 
retrieval, altered in control or experimental conditions. 

Our findings on the effect of arousal on memory con- 
solidation are consistent with those in animal studies in 
which arousal by foot shock or drugs after learning alters 
trace consolidation’, and also with findings in some clinical 
studies where patients with disturbances in affect, for 
example, depression, show disturbances in the consolidation 
phase of memory which is reversible by drugs that alter 
affect and arousal (for example, L-dopa which influences 
the dopamine system in brain)". These findings and the 
experimental design that was used to test effects of the 
timing of the imagery mnemonic in association with affec- 
tive arousal also points out the value of bridging the 
methods and theories common to traditional human 
memory studies, with their emphasis on storage effects, and 
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the relatively greater focus on  post-learning variables 
commonly used in biologically oriented animal learning 
studies. 
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Antagonism between visual 
channels for pattern and movement? 


GEORGESON has reported’ some ingenious psychophysical 
experiments designed to test the hypothesis that ‘sustained’ 
visual cortical cells sensitive to the orientation of contours 
are antagonistically coupled to ‘transient’ cells in the same 
cortical column sensitive to movement at right angles to 
those contours. After inspecting one or other, or both, of 
two counter-rotating dot patterns, his subjects reported 
seeing “complex patterns of radial lines or curves”. These 
appeared either to rotate in the opposite sense to the 
stimulus, or to be stationary if both counter-rotating disks 
had been viewed simultaneously in superposition. Georgeson 
attributed their appearance to the rebound response of 
‘pattern channels’ inhibited during stimulation by ‘motion 
channels’ of the kind presumed to be responsible for move- 
ment after effects (MAE). We have tested this conclusion 
by extending the range of stimulus velocities well above and 
below. those used by Georgeson. Our results suggest that 
stimulation of motion channels is not necessary for the 
effect observed, so that its appearance in his tests does not 
confirm his hypothesis. 

Our doubts arose because at the speed used by Georgeson 
(66r.p.m.) the retinal image of his rotating dot patterns 
must have generated appreciable circumferential streaks; 
and these alone could be expected to give rise to a ‘com- 
plementary image’ of radial streamers’*’* without invoking 
stimulus movement as such. This point was first recognised 
by Wilson’, who in fact described the same phenomenon 
in the late 1950s, together with the method of using two 
counter-rotating textured fields as the inducing stimulus. 
He listed the following after effects as the speed of rotation 
of the superimposed fields was increased: “(1) A set of faint, 
fine concentric circles were observed. (2) These became 
fewer but stronger and broader. (3) They expanded even 
more, radial whiskers became visible on the outer circles, 
and a general impression of flicker was observed. (4) The 
circles were then seen to be entirely composed of fine radial 
‘whiskers’ or ‘sparks’ and appeared to pulsate in diameter. 
(5) With further increase of speed the circles expanded 
(leaving) radii, or sometimes a lattice pattern of opposite 
spirals, filling the whole field.” 

Wilson noted that the induction of orthogonal after 
images by rapidly moving stimuli had been described in 
1845 by Sir David Brewster*, who observed it after staring 
from a moving railway carriage. (Wohlgemuth, in his 
classical monograph On the aftereffect of seen movement’, 
tried to explain Brewster’s statement that the after effect 
was “transverse” to the direction of the objective movement 
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Fig. 1a, Dot pattern used for counter-rotating stimuli; b, result of rotating a through 10° during exposure, 
image; c, as b but 40° rotation; d, concentric-circle figure which excites a petalloid complementary image (see tex! 


as “possibly due to his changing the position of his head 
when he closed his eyes’! ) Wilson later reported’ that 
similar radial ‘whiskers’ can be induced by stroboscopic 
illumination of a single stationary circular contour. 
Georgeson indicated that the ‘movement analysers’ he 
had in mind are those responsible for the familiar motion 
after effect or ‘waterfall illusion’. Since the optimal 
rotation rate to generate a normal MAE is much lower 
than 66r.p.m., human movement-sensitive channels should 
be more strongly stimulated if lower speeds were used. If 
Georgeson’s interpretation were correct, this should intensify 
the radial lines seen as an after effect, and these might be 
expected to persist down to speeds at which the normal 
MAE disappears. Conversely, they should disappear at 
speeds above the upper threshold for perception of motion. 
If, however, radial lines were produced by the same mech- 
anism as the normal complementary after image induced 
by inspection of stationary circular arcs (that is, by activa- 
tion of contour-sensitive channels), they should persist at 
high rates of rotation, but disappear for rates that are too 
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and superposing mirror 


low to produce significant circumferential streaks even 
though adequate for the normal MAE. We have therefore 
repeated Georgeson’s observations, with eight subjects in 
all, using rates of stimulus rotation from 960 r.p.m. down 
to 3r.p.m. 

Our subjects viewed from 2.6m a white screen on 
two counter-rotating random-dot patterns were 


which 


thrown 


from a 300-W projector having a motor-driven slide 
rotator. The two concentric images, produced with the aid 
of a Dove prism in front of the projector lens, were 
matched for brightness (110 cd m`™* on white part: rhe 


subtended an angle of approximately 20° at the 
eyes, and were centrally fixated 

After an exposure of 1 min the subject immediately in 
* and was asked 


subie t'g 


spected a uniform white surface (70 cd m 
to report any after images. For stimuli rotating at 60 r.p.m., 
all our subjects confirmed Georgeson’s report of near-radial 
lines, usually adding that these seemed to “shimmer” or 
“stream” radially. Most subjects saw them extend almost 
to the centre, with only the central 4° clear of lines 
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With a stimulus rotating at 30r.p.m., however, six of 
seven subjects reported that the lines came only “about 
halfway in’, leaving an 8° central area clear of radial 
lines. At 10r.p.m. (which gave powerful MAEs with a 
single disk) only two of six subjects saw an after image of 
“faint radial whiskers” near the periphery of the stimulated 
field. At 6r.p.m. all of seven subjects reported the whole 
test field free of radial lines, with only faint pulsating con- 
centric rings as an after image, except that one subject 
(VM) detected faint radial “whiskers”? around the peri- 
phery. Finally, three subjects tested at 3r.p.m. could see 
no radial lines; yet the MAE at this rate (for a single 
disk) was still powerful over the whole area. As might be 
expected, the exact cutoff point for the radial after effect 
varies with individuals and with the rotating pattern used; 
but the trend of these results is clearly opposite to that 
predictable on Georgeson’s interpretation. 

Increasing the speed above Georgeson’s rate of 66 r.p.m., 
we found no noticeable reduction in intensity of the 
chrysanthemum-like complementary after image up to 
240 r.p.m. At 480 r.p.m. and 960 r.p.m., all observers agreed 
that it was considerably weaker, although still detectable: 
but at these speeds, the streaks produced by individual dots 
would be expected, and were observed, to run into each 
other and reduce effective contrast. 

A rough quantitative check on this point can be gained 
by calculating the patterns of streaks to be expected if 
each retinal ganglion cell fired for 60ms in response 
to a briefly flashed spot*®. During this time at 60r.p.m. 
each dot of a rotating pattern would trace an arc of about 
20°. Figure la shows the dot pattern we used, and 
Fig. 15 and c the results of rotating it through 10° and 
40° during photographic exposure and then superposing 
the mirror image, to simulate the streaks produced by 
counter-rotating fields at rates of 30 and 120r.p.m. on the 
foregoing assumption, It is clear that (1) overlapping of 
streaks at these rates does not prevent a strongly circular 
pattern from developing; (2) at rates below 30r.p.m. a 
progressively larger central area would become practically 
streak-free, and so ineffective in stimulating contour 
analysers; and (3) at rates above 120r.p.m. (for our dot 
pattern) overlapping of streaks must progressively reduce 
effective contrast. This all fits quite well with the observa- 
tions, and suggests that the assumed duration is of the 
right order of magnitude. 

With a moving dot, the stimulating streak is effectively 
pulsed on and off as the dot passes over each receptive 
field, so the after effect would be expected to be (and is) 
stronger than that after inspecting Fig. 1b and c. Figure Id 
(see ref. 2) has been included to let the reader verify that 
the complementary image induced by stationary concentric 
circles (or by a line of dots rotating at very high speed) 
is indeed an array of near-radial streamers. These may be 
seen either immediately on closing the eyes or on a uniform 
white surface. (At repetition rates of the order of 5-10 
s ', radial streamers can be seen continuously during inspec- 
tion. (Compare ref. 3, page 344.) 

We conclude that Wilson’s radial after effect is most 
parsimoniously attributed to stimulation of contour analysers 
by the rotating dots, and that stimulation of the motion 
analysers responsible for the MAE is not essential. This 
does not of course disprove the general idea of opponent 
coupling between ‘sustained’ and ‘transient’ cells. It was 
shown’ that similar complementary images can be made 
visible continuously (not only as an after effect) by optically 
superimposing dynamic visual noise (for example, from a 
detuned TV receiver) on the fields of near-parallel con- 
tours, such at Fig. Id^°. The inference then suggested 
(before the discovery of contour-specific visual ceils) was 
that channels sensitive to one orientation are rendered 
differentially hyperexcitable by ‘satiation’ of channels 
sensitive to the orthogonal orientation. Whether the 
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mechanism was one of active mutual inhibition or of 
passive competition was left open by the psychophysical 
evidence; but in view of Wilson’s finding’ that the full 
effect requires the presence of about four to six near- 
parallel lines, and the fact that the wavelength of the 
sinuous illusory contours is typically about 4 times the 
inducing linespacing, it seems likely that network properties 
as well as single-unit characteristics are involved’, 
Georgeson’s suggestion of antagonism between pattern- 
and motion-signalling channels is geared to the idea that 
removal of the parallel-line inducing pattern ‘disinhibits’ 
motion channels. The orthogonal patterns seen in dynamic 
noise suggest that even in the presence of the inducing 
lines, orthogonal channels for both pattern and motion 
may become hyperexcitable. In any case, we agree with 
Georgeson that it seems attractive to invoke excitation of 
motion channels in order to account for the streaming 
motion observed in the after effect, even if more complex 
relationships must be added to the picture to do justice 
to all the facts. 

D. M. MacKay 
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Evidence for a low upper limit 
of heritability of mental test 
performance in a national sample of twins 


Tue use of kinship correlations is a long established approach 
to the estimation of heritabilities (47) and component variances 
of human phenotypes. Among the best known studies are those 
using monozygotic and dizygotic twin correlations, data from 
which are commonly interpreted to represent a substantial 
heritability (that is, about 0.8) of 10 and other mental test 
performances (see Jensen’ for review, and Jinks and Fulker? 
for the empirical requirements of this approach). Some doubt 
has been cast, however, over the empirical sufficiency of the 
most quoted estimates. Among the doubts are those con- 
cerning biographies of subjects, testing procedures, and 
problems emerging from the use of varied and inappropriate 
tests and from the subjects being of widely different ages’. 
More recent estimates using a version of the identical—fraternal 
twin comparisons (but derived from a sample in which the 
zygosities were unknown) have arrived at a value for h? not 
significantly different from zerot®. The National Child 
Development Study (for details, see ref. 7), a longitudinal study 
of all the children in England, Scotland and Wales born in one 
week of March 1958, includes a nationally representative 
sample of twins about whom have been gathered considerable 
biographic, biometric, social and psychometric data (unpub- 
lished results). We have used this sample to investigate the 
broad heritability of performance on a general mental ability 
test. 

Zygosities of twins were established during an interview of 
parents of twins by health visitors at the 7-yr follow-up and 
from responses to a letter sent to parents at the time of the 
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Table 1 Means (+s.d.) of verbal (V) and non-verbal (NV) test scores by zygosity and sex 





arpani narena AAAA R a ate BRENTANO PANE 





MZ DZ.: DZos Whole cohort _ 
y NV V NV Yy NV NY 
Male 19.857-+-9.100 20.405+8.619 18.983-+8.865 19.367+-6.978 17.750-+10.401 19.050+8.115 21.0444.9.466 20.754-£7.681 
n = 42 n = n = 40 n == 7,262 
Female 18.825-+8.743 19.400+6.719 22.300-4-8.339 21.360+7.016 20.175 ae 19.725 +.7.791 sa 21,015 +7536 
n= 40. n = n = 4{ n = 6,87. 
t = 0.392 (NS). 0.484 (NS) 1.579 (NS) 1.174 (NS) 1.625 (NS) 0.526 (NS) 13.285; 2.038 
Pe ee < 0.00} P< 0,05 
NS, Not significant. 


l1-yr follow-up; they were asked if the twins were ‘identical’ or 
‘non-identical!’ that is, ‘fraternal’. This does not, of course, pro- 
vide conclusive evidence of zygosity; however, several studies 
have shown that simple questionnaire responses of this sort 
reach at least 95° agreement with serological criteria, and it is 
generally felt that misclassifications by this method are un- 
common’, The proportions of identical and fraternal twins 
classified in this way in the present sample approximate the 
‘theoretical values, and there were a few pairs, excluded from the 
present study, for whom the zygosities were unknown. 


comparisons. The differences are 0.185 for the verbal test 
(that is, appreciably greater than MZ-DZss) and 0.117 for the 
non-verbal test. If we are correct in assuming only marginal sex 
bias in the test itself they probably reflect what is known as 
‘treatment effect’, that is, inflation of the DZss correlation by 
virtue of parents, teachers, peers and so on treating same-sex 
twins in a similar way. Identical twins, as well as necessarily 
being of the same sex, also look alike and have other charac- 
teristics in common. Not surprisingly, it has repeatedly been 
demonstrated that identical twins are generally subject to more 





Table 2 Analysis of variance tables for verbal and non-verbal test scores 
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MZ DZ,; DZos DZ, 
n = 41 pairs n = 55 pairs n = 40 pairs Hoo 95 pairs 
V NV V NV Vv NV y NY 
MS within pairs 12.207 7.335 13.118 9.773 22.569 16.569 17.097 12.634 
MS between pairs 69.446 54,296 64.019 39.552 63.255 47.999 65.705 49,573 
 Intraclass correlation 0.701 0.762 0.659 0.604 0.474 0.487 0.587 0,394 





The data considered here relate to the second follow-up 
study when the subjects were 11 yr old. At that time all the 
subjects were administered a timed (30-min), group test of 
general mental ability by their teachers in schools, following 
strict but simple instructions concerning timing and test 
circumstances. The test, comprising 80 alternate verbal and 
non-verbal items, was specially designed for survey work with 
children of this age group by the National Foundation for 
Educational Research (for further details of reliabilities and 
validities, see ref. 11). Although it has not been cross validated 

with better known standardised tests, the two sets of items 
comprising it would seem to be very similar to types used in 
typical IQ tests (Fig. 1). It is as well to draw attention to this 
because reported 4° estimates for performance on scholastic 
attainment tests are often appreciably lower than those for 
general ability tests, although they vary widely depending on 
the precise nature of the test!®. Because of this we have cal- 
culated separate correlations for the verbal and non-verbal 
performances. 

Table 1 shows the mean scores and standard deviations for 
the whole cohort and for twins separated by zygosity and sex. 
(Suffixes ss and os signify same sex and opposite sex, re- 
spectively.) Overall these figures suggest a marginally better 
performance for girls relative to boys, including those in the 
dizygotic (DZ) groups. This may be due to a sex bias in the test, 

the main consequence of which would be to reduce the DZos 

correlations slightly. Table 2 contains analysis of variance 
tables for verbal and non-verbal scores of twin pairs. A major 
question is the magnitude and statistical significance of 
difference between correlations. The most important ones 
from the point of view of heritability are (monozygotic) MZ- 
DZss. These are 0.042 for verbal scores and 0.158 for non- 
verbal scores, neither of which is statistically significant. 
Such non-significant differences are in themselves supportive 
evidence for very low or zero heritabilities. 

The differences between fraternal twins of the same and 
opposite sex (DZss--DZos) are interesting because they 
‘Suggest a possible source of error in identical-fraternal twin 


uniform treatment than fraternals®*. It is therefore possible to 
invoke treatment effects as the basis for inflated MZ twin 
correlations. 

Table 2 indeed illustrates what happens when these “treatment 
effects’ are incorporated into the estimation of heritability {f 
indicates the total obtained from both os and ss twins), The 
difference MZ-— DZt is non-significant for the verbal test, but 
although remaining small, becomes significant for the norm- 
verbal test; using Z scores we have 


On the face of it these data yield a heritability of 0.336 -+-0.189 


Fig. 1 Examples of (a) non-verbal and (4) verbal items used 
in the mental ability test, 
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for non-verbal mental ability. This is obtained from the 
general expression, A? = (ryz~rpz)/(Pmz—Ppz), where paz 
anc poz are the theoretical correlations for identical and 
fraternal twins, respectively; essentially the derivation of 
Jensent?, Taking ppz = 0.5, of course, assumes no assortative 
mating (the presence of which would increase 4°) and no 
dominance or epistasis (which would decrease 4"). The mag- 
nitude of these influences is difficult to assess with accuracy 
from existing empirical data, but it is usually assumed that 
they are very small. Nonetheless, adopting Jensens’!* estimate 


feasible correction to the above A?, only increases it to 0.373. 
This A? is the consequence of introducing the usuaily un- 
suspected ‘treatment effects’ into the data and is at best an 
upper limit. It has been demonstrated that taking only minimal 
account of such effects in the data of previous studies reduces 
the reported 4?” estimates to values not significantly different 
from zero, 

In conclusion, our nationally representative sample of twins 
of uniform age and test subjection, offer supportive evidence 
for zero or low upper limit heritabilities of mental test per- 
formance. Such estimates are considerably lower than the value 
of 0.8 normally quoted in psychometric research'*® and which 
has permeated the psychological literature. Although it is 
necessary to be clear about the often-inflated significance of 
heritability estimates, the present results are perhaps further 
indicative of the stringencies of sampling required in such 
studies”, 
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Correction to Fisher’s correlations 
between relatives and environmental effects 


Fisher! has given a now much used model of assortative 
mating, and using formulae obtained for it he analysed data? 
on human height, span and forearm. In his model, phenotypic 
variance is regarded as the sum of three variances, additive, 
dominance and environmental; and genetic variance is the sum 
of the additive and dominance components. This was Fisher's 
first important contribution to genetics and it would seem that 
he did not appreciate fully the implications of his model. His 
formulae for parent-child correlation and sib correlation, in 
the presence of assortative mating, are not correct for his 
model. Moreover, the correct formulae for these correlations 
for his model suggest a different interpretation when the value 
for (genetic/phenotypic variance) is greater than 1. I present 
here a summary of criticisms of Fisher’s formulae; details of 
which, with derivation of correct formulae will be presented 
elsewhere. 
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The additive variance is obtained by fitting a linear regression 
on the gene content of the genotype; dominance variance is the 
residual genetic variance, that is, genetic, additive variance. Fisher 
found that the value of his symbol c, defined as (genetic 
variance/phenotypic variance) was greater than | for height and 
span and concluded that this “gives no support to the 
supposition that there is any cause of variance in these growth 
features other than genetic differences’. His method of parti- 
tioning the phenotypic variance into additive, dominance and 
other components has recently been used for IQ and estimates 
of its heritability (additive variance/phenotypic variance) have 
been the subject of some controversy. 

Fisher realised that assortative mating will cause association 
between genotypes (“phases of factors” in Fisher’s terminology). 
He devised a complicated method to take account of it and 
found that this association increases the genetic variance of the 
population. The increase in genetic variance is attributable 
entirely to an increase in the additive variance of the population’. 

Fisher did not consider what effect assortative mating has on 
the genotypes of a parent and his progeny. He assumed that the 
additive deviations are the only cause of resemblance between 
parent and child as he says, ‘‘ Hence, since there is no association 
except of z (additive values) between parent and child, the 
parental correlation coefficient is 


Here u is the phenotypic correlation between husband and wife 
and c» is the total additive variance/genotypic variance; c, has 
already been defined. 

Wright? on the other hand says that “Assortative mating 
introduces a correlation between dominance deviations of 
parents and offspring and between dominance deviations of 
either and additive deviations of the other”. Fisher did not 
investigate such correlations and took no account of them. 
It can be shown that in Fisher’s model of assortative mating 
there is a small correlation between the additive and dominance 
deviations of parent and child. Thus, the assumption on which 
Fisher obtained his formula for parent-child correlation is not 
correct. 

To obtain his formula for sib correlation, Fisher discarded 
his model of assortative mating and reverted to random mating. 
He said, “The variance of a sibship, for example, depends, 
apart from environment, only on the number of factors in which 
the parents are heterozygous, and since the proportion of 
heterozygotes is only diminished by a quantity of the second 
order, the mean variance of the sibships must be taken for our 
purposes to have the value appropriate to random mating. |...” 

It is true that the variance of single sibship will be the same 
under random mating and assortative mating. The proportions 
of different types of matings will, however, be different under 
the two systems. As the mean sibship variance is (frequency x 
sibship variance), it will not be the same under the two systems. 

Moreover, Fisher adds the whole of the increase in variance, 
At2/(1— A) where A is the genetic correlation between husband 
and wife and qt? is the additive variance appropriate to random 
mating, to sib covariance and no part of the increase to sib 
variance. This is difficult to justify assuming Mendelian 
segregation on which his model is based. 

Consider now his two formulae together 


Parent-child correlation = 4c,c.(1- uw) 


Sib correlation = $¢,(1 + Cyt 2634) 


In the presence of dominance, the sib correlation will be greater 
than the parent-child correlation, therefore 


$e4C | we Cy ob 2c¢.A) > te Col 1 -Í = u) 


which holds only if (1-—c,)/2e. > 1 —~eyc2. Fisher’s model of 
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assortative mating will hold for those values of c,,c, and u for 
which this inequality holds. It can be verified that it holds only 
for certain combinations of values of these parameters. For 
example, if u = 0.5, c, = 0.8, c = 0.8, we get 0.25 > 0.36, 
which is not true. 

These considerations lead to the conclusion that Fisher’s 
formulae for parent-child and sib correlations are not correct 
for his model. It is, however, possible to obtain formulae using 
Fisher’s model which do not suffer from these deficiencies. 
These formulae, in Fisher's notation, are 


Parent—child 
_ correlation = 4c¢,c,[1+-A(1 — A)*] +-4¢,(1 — c.)A(— A) 
Sib correlation== $c,c,[{1-—- A0 — A)*] +4¢,(1 ~ ce.) 


In both, the first term represents the contribution of additive 
deviations to correlation and the second term the contribution 
of dominance deviations. Note that the contribution of the 
dominance deviations to parent-child correlation is smaller 
than their contribution to the sib correlation since A(1— A)<. 
This is another reason why the concept of heritability defined as 
additive variance/phenotypic variance cannot be applied to 
human populations mating assortatively. 

If the coefficient of assortative mating u is known, the value 
of c, and c, can be obtained from the parent-child and the sib 
correlation formulae. Effectively, the difference between the two 
correlations gives a fraction of the dominance variance. The 
formulae given here and those obtained by Fisher, however, are 
for genetic correlations which are unknown and phenotypic 
correlations have been used instead. If the environments of sibs 
are more alike than those of parent and child, the difference 
between phenotypic correlations will also contain a fraction of 
the environmental variance. When the phenotypic correlational 
difference is too large to be explained by the amount of 
dominance variance in the population, the value of c, will 
come out to be greater than 1. Thus, such a value, far from 
being evidence for no environmental effects, indicates their 
presence. On the other hand, a value less than 1 for c, does not, 
of itself, exclude environmental effects, which could mean that the 
contributions of dominance deviations, as well as of 
environmental effects, are small. 

The work reported here was carried out at Galton Labora- 
tory, University College, London under the supervision of 
Professor C. A. B. Smith, to whom I am grateful. 
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Effects of artificial selection on 
reproductive fitness in Drosophila 


A COMMON feature of many selection experiments, when 
polygenically determined traits are involved, is a reduction 
in the reproductive fitness of the selected strains. Experi- 
mental selection for differences in the numbers of abdomi- 
nal bristles and sternopleural chaetae in Drosophila 
melanogaster produced sterility and a reduction in fertility 
in the selected strains'’?. Latter’ found that the “competi- 
tive index” (mating propensity, female fecundity and 
survival ability) had fallen sharply in strains of D. melano- 
gaster subjected to experimental selection for differences in 
scutellar bristle number. Selection in Tribolium for changes 
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in developmental rates produced alterations in productivity, 
body size and viability of the flour beetles*. The repro- 
ductive fitness of chickens under selection for increased 
shank length was reduced steadily throughout the selection 
process’, 

Lerner? proposed that an increase in homozygosity is 
directly responsible for the reduction in reproductive 
fitness found in selected strains. He submitted evidence 
suggesting that heterozygosity is of prime importance in 
producing a balanced, highly fit natural population. This 
preselection phenotype is the outcome of numerous genera- 
tions on which natural selection has operated to produce 
maximum reproductive fitness. As experimental selection 
proceeds, the balanced phenotype and genotype favoured 
by natural selection is disrupted. The selection process 
favours homozygosity for those genes which influence the 
selected trait. Homozygosity is also increased by incidental 
inbreeding, a consequence of the experimental selection 
procedure. On relaxation of the experimental selection 
pressures, natural selection is free to restore a balanced 
phenotype. The most heterozygous individuals are again 
favoured, causing the “gains? made in the experimental 
selection scheme to be lost. Lerner has called this pheno- 
menon genetic homoeostasis and defined it as “the property 
of the population to equilibrate its genetic composition and 
to resist sudden changes”. 

Selection for divergent geotactic and phototactic maze 
behaviour in Drosophila is also thought to decrease repro- 
ductive fitness. The evidence is indirect and based on the 
observation that suspension of selection pressures in strains 
of D. pseudoobscura resulted in the reversion of the posi- 
tive and negative geotactic and phototactic strains towards 
their original neutral maze response’. No decrease in pro- 
ductivity has, however, been found in divergent geotactic 
strains of D. melanogaster during 10 generations of selec- 
tion’. This present study was undertaken to investigate 
directly the reproductive fitness of strains of D, melanogaster 
selected for positive and negative geotactic and photo- 
tactic maze behaviour. 

Fifteen-unit classification mazes’’’® were used to select 
experimentally for divergent geotactic and phototactic 
behaviour. Maze scores may vary from 1 to 16 on both 
geotactic and phototactic mazes. A score of 1 represents 
the most negative maze response possible and the maximum 
positive maze response results in a score of 16. A cage 
population of D. melanogaster which was established by 
hybridising large samples of 20 different wild-type strains, 
was used to begin selection for opposite geotactic and 
phototactic behaviour. Divergent behavioural selection was 
carried out by collecting approximately 300 females and 300 
males which were run separately through either the geo- 
mazes or photo-mazes each generation. Sixty pairs of the 
most positive and negative individuals were selected as 
parents to initiate subsequent generations for both types of 
behaviour. Non-virgin females were run through the 
mazes so females selected as parents were deseminated by 
being placed at —10°C for 10min". The geo-strains and 
photo-strains thus produced were highly divergent having 


undergone opposite selection pressures for over 40 genera- 


tions. The degree of divergence is reflected in the mean 
geotactic and phototactic scores of the four strains. Follow- 
ing 42 generations of geotactic selection the mean score of 
the geonegative strain was 1.85 and the mean score of the 
geopositive strain was 14.90. The photonegative strain had 
a mean phototactic score of 2.01 while the mean score of 
the photopositive strain was 12.7. The unselected control 
strain was approximately neutral for both geotactic and 
phototactic behaviour throughout the selection process. 
The following procedure was followed to estimate the 
egg-to-adult survival, egg hatchability, larva-to-adult 
survival and female fecundity of the strains under si yo: 
Virgin females and males were collected over a 48-h 
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Table 1 Egg-to-adult survival, egg hatchability and larva-to-adult 
survival of flies from the geotactic strains and phototactic strains 





Mean °% Mean % 
Mean °% larva-to- larva-to- 
egg-to- Mean % adult adult 
adult of eggs survival survival 
Strain survival hatching (uncrowded) (crowded) 
Geopositive 


Generation 42 56.6 
Generation 46 
Replication | 57.6 
Replication 2 58.0 81.9 91.4 70.0 
Geonegative 
Generation 42 74.2 
Generation 46 
Replication | 68.9 
Replication 2 69.3 92.7 88.8 76.4 
Photopositive 
Replication | 61.6 
Replication 2 68.2 87.6 92.2 74.1 
Photonegative 
Replication | 65.2 


Replication 2 Pa Be. 86.8 88.7 78.6 
Control 
Tested at 
Generation 42 78.1 

Replication | 72.8 91.7 96.3 $3.5 


Replication 2 78.7 


period and stored in separate half-pint food bottles. At the 
end of this period 25 pairs of adult flies (an average of | 
d old) were immobilised with ether and placed in an 
empty half-pint milk bottle. A food surface was placed 
on the open end of the milk bottle. Each food surface 
consisted of a Stender dish top filled with 5ml of the 
standard medium covered with a circular piece of paper 
towelling coated with a thin suspension of bakers’ yeast. 
The bottle was inverted after the flies’ recovery from the 
ether treatment. At 12-h intervals thereafter, the bottle 
was turned right side up and the flies were gently knocked 
to the bottom of the bottle. The food surface was changed 
and the bottle was returned to the inverted position. The 
eggs that were laid during the preceding 12h were then 
counted. The first 100 eggs counted on each surface for 
each [2-h period were transferred into a 37-m] shell food 
vial in groups of 10. This procedure was continued for 20 
d as the females aged from 2d to 21d old. Approximately 
13d after each egg transfer the number of adults to eclose 
from each vial was recorded, giving a measure of egg-to- 
adult survival. 

The number of eggs to hatch was estimated during the 
egg-to-adult survival experiment when 2 replications were 
tested for each strain. In this case, at 3-d intervals, the 
food surfaces were changed prematurely after 3h. One 
hundred eggs from each strain were transferred on to a 
fresh food surface and the number of eggs to hatch was 
recorded 30h later. A total of 700 eggs was transferred for 
each strain. The set of eggs produced during the following 
9-h interval were used in the egg-to-adult survival experi- 
ment. 

Larva-to-adult survival was estimated by transferring 50 
first instar larvae recently hatched (from the above food 
surfaces) into food vials. The number of adults to eclose 
from these vials was recorded 13d after the larvae transfer. 
A total of 350 larvae was transferred for each strain tested. 

Initially, a single replication of the positive and negative 
geotactic strains (generation 42) was investigated for egg- 
to-adult survival and female fecundity. Subsequently, the 
egg-to-adult survival, number of eggs to hatch and larva-to- 
adult survival were measured for the phototactic, geo- 
tactic and control strains with 2 replications from each 
strain being tested for egg-to-adult survival. The egg-to- 
adult survival values (Table 1) were analysed by calculating 
a corrected sum of squares value for the replication 
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means within each strain. These values were summed 
over all strains and divided by 8, the total number of degrees 
of freedom, to approximate the variance of a replication 
mean. A z test (d.f.=8) was then used to compare the 
different paired replication means. 

Table 1 reveals that egg-to-adult survival was significantly 
reduced in members of the geopositive strain compared 
with flies from the control strain (¢=5.70, P<0.01) and the 
geonegative strain (f=3.59, P<0.01). The geonegative 
flies were not, however, different from the control 
flies (f=2.11, P>0,05). Individuals from both phototactic 
strains were significantly lower in survival value than the 
control strain flies (photopositive, r=3.44, P<0.01; photo- 
negative, s==2.40, P<0.05) but they were not significantly 
different from each other for this fitness parameter (t= 1.05, 
0.5<P<0,3). 

The percentage of hatchings associated with the geo- 
positive strain was also decreased by comparison with all 
other strains tested (Table 1). Little difference in larva-to- 
adult survival was found in the four experimental strains 
and the control strain. This suggests the decrease in egg-to- 
adult survival found in geopositive flies is likely due to 
decreased hatching success of their eggs. The egg-to-adult 
survival values are, however, on the average, only 0.8 as 
large as the products of the percentage of hatchings and 
larva-to-adult survival values, This probably stems from 
differences in the techniques involved in estimating these 
fitness parameters. For example, the larval density was 
greater in the egg-to-adult survival study which may have 
reduced larval viability and accentuated the between-strain 
differences, whereas in the larval transfer study the lower 
larval density resulted in more favourable conditions and 
larval viability may have been only minimally affected. In 
fact, by dividing the egg-to-adult survival values by the 
mean percentage of eggs hatching one can compute the 
average larval viability under crowded conditions (last 
column Table 1). This shows that the larval viability is 
reduced in all strains under the crowded conditions with 
the geopositive flies showing the lowest larval variability. 

No differences were found in female fecundity among 
flies from the geotactic strains (generation 42) and the 
control strain. The mean number of eggs laid per female 
per d was 38.4 for the geopositive females, 34.6 for the 
geonegative females and 35.3 for the control females. 

In summary, selection for divergent geotactic maze 
behaviour has reduced the egg-to-adult survival rate of the 
geopositive flies with no similar change observed in flies 
from the geonegative strain. This decrease in viability 
seemed to be the result of lowered egg hatching success and 
a decrease in larval viability in crowded cultures. A slight 
decrease was observed in egg-to-adult survival of both 
phototactic strains, but the photopositive flies were not 
different from the photonegative flies. 

A decrease in reproductive fitness, as found in the photo- 
tactic flies, is not unexpected after experimental selection. 
The reduced egg-to-adult survival found in geopositive flies 
but not in geonegative flies is, however, surprising. What 
are the possible explanations for this differential decrease in 
repreductive fitness? 

Latter and Robertson’ also found an asymmetrical 
decrease in fitness in strains of D. melanogaster subjected 
to independent selection for 3 traits (abdominal bristle 
number, wing length and sternopleural bristle number). 
They observed that flies from the low selected strains were 
more reduced in reproductive fitness than flies from the 
high selected strains. It was concluded that some loci acted 
pleiotropically, influencing reproductive fitness and the 
selected phenotype. A reduction in fertility was noted by 
Wigan and Mather’? and Mather and Harrison’ while select- 
ing for chaeta number in strains of D. melanogaster. 
Decreases in fitness were found to accompany the initial 
generations of selection, but after selection pressures were 
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relaxed, the fitness of individuals from the selected strains 
was observed to increase. These results led to the hypothesis 
that genes influencing fitness were linked with those being 
directly selected. Selection favouring unique gene arrange- 
ments that control the morphological trait being selected 
was felt to disrupt concomitantly the fitness controlling 
genes. The increase in fitness after suspended selection pres- 
sures may represent crossover events which “release” the 
polygenes under direct selection from the fitness controlling 
genes. 

In my own experiment an additional possible explanation 
is that the different selective pressures associated with geo- 
positive and geonegative selection may be responsible for 
the asymmetrical decrease in fitness. The lack of egg-to- 
adult survival rate differences between the photonegative 
and photopositive flies supports this idea. The phototactic 
maze is horizontal and members of divergent phototactic 
strains would traverse the maze expending equivalent 
amounts of energy. Because geonegative selection favours 
flies that can walk through the entire vertical maze oppos- 
ing the pull of gravity, those flies must also be the hardiest 
and the most vigorous. Flies selected in the geopositive 
direction, in contrast, may include individuals that weakly 
stumble downwards, as well as those that walk purposefully 
down. Selection of the most energetic individuals in the 
geonegative direction may counteract the normally dele- 
terious effects of experimental selection. While selection in 
both directions favours those individuals homozygous for 
geobehavioural genes, the concomitant selection for vigour 
in the negative direction may reduce the deleterious effects 
of inbreeding. King” studied inbreeding in rats and demon- 
strated that selection for vigour does offset its fitness-reduc- 
ing effects. Selection of weak and stumbling flies in the 
positive direction may have directly favoured the least fit 
and most homozygous individuals. 

I would like to thank Rollin C. Richmond for reviewing 
this manuscript, Henry E. Schaffer for help with the statis- 
tical analysis and Charles M. Woolf for stimulating my 
interest in this project. I am also indebted to Sherry King 
and Teri Markow for conducting the first twenty-five 
generations of divergent selection. This work was supported 
by the NIH. 
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A simple mechanism for population cycles 


ALTHOUGH most animal populations exhibit irregular fluc- 
tuations, there has long been considerable interest in the 
dynamics of populations which seem to fluctuate in a cyclic 
manner with a period different from that of obvious environ- 
mental ‘drivers’, We have analysed possible models of the 
mechanisms underlying the regulation of populations in 
order to simplify the extraction of useful information from 
specific cases of population oscillation. 

Existing models of cycling populations involve one of 
three mechanisms: 
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® The population is assumed to be a component of a stable 
but underdamped system—that is, in the absence of en- 
vironmental noise the system approaches equilibrium in a 
series of damped oscillations. Cyclic behaviour is interpreted 
as the response of such a system to random noise. The 
amplitude of the oscillations is then a random variable, the 
mean value of which depends on both the internal damping 
and the external noise. The period of the oscillations is 
determined largely by interaction within the system 
although the noise causes a steady loss of phase inform- 
ation. A mechanism of this type is implied in Moran’s’ 
representation of the Canadian lynx cycle. 
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Fig. 1 Quasi-cyclic fluctuations in the time-delayed logistic model, 

The population is responding to fluctuation in the carrying 

capacity, K, of the form A(t) = Kdl + YG) where y(t} is 

Gaussian white noise with standard deviation o = 0.1. The 

intrinsic growth rate r and the time delay t are chosen so that 
rt = 1.4, a value for which the system is underdamped. 


© The population is again represented as part of a stable, 


..underdamped system but the control mechanism is assumed 


to be nonlinear. In a strongly seasonal environment popula- 
tion cycles may then occur as a result of subharmonic 
resonance. We have previously’ illustrated this effect in 
the time-delayed logistic model with strong periodic varia- 
tion in the carrying capacity and Bigger (private communi- 
cation) has suggested that the oscillations’ in populations of 
the leaf miner Leucoptera caffeina (Washb.) may be of 
this type. 

@® The population is assumed fo be limit cycling (possibly 
with some environmental fluctuations superimposed on the 
limit cycle). Both the amplitude and the period of the 
oscillations are then determined by the interactions within 
the system. Many examples have been discussed by May‘. 

We have deliberately excluded from the above cłassi- 
fication models like Bulmer’s* of the Canadian lynx cycle 
which explain cycles in one population (lynx) as being 
driven by cycles in another population (snow-shoe hare) 
but which beg the question of the origin of these driving 
cycles. 

The last two mechanisms—-subharmonic resonance and 
limit cycling—involve complicated nonlinear effects and 
yet they have received considerably more attention from 
modellers than the first. Our aim bere is to advocate the 
first mechanism as a paradigm for population cycles, since 
we feel that its obvious simplicity makes it a strong candi- 
date for representing a seemingly cycling population in a 
fluctuating environment. Particularly appealing is the fact 
that the principle of the mechanism follows from a purely 
linear analysis. 
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Fig. 2 Quasi-cyclic fluctuations in a damped Lotka—Volterra 

predator-prey model with a fluctuating predator death rate. 

The parameters are chosen to make the system underdamped. 

The continuous and dotted curves denote respectively the 
predator and prey. 


We represent by x(r) the difference between the instan- 
taneous population value and its mean value, and by ¥(f) 
the Fourier transform of x(7). The square of the modulus 
of XQ) is called the spectral density and is denoted by S(f). 
If p(t) denotes the fluctuation in some environmental para- 
meter then provided it is small, the nature of the resulting 
population fluctuations can be deduced from the relation- 


ship 
x(A=T Ap) 


where 7(f) is known as the transfer function. We have 
previously’ derived a transfer function for a simple popula- 
tion model and discussed its interpretation in some detail; 
here we need only note that an underdamped system is 
characterised by a peak in the transfer function. At high 
frequencies the transfer function of a stable system is 
always very small, essentially because a population does 
not respond to frequencies much greater than the reciprocal 
of the smallest ecological time constant in the system. Thus 
if (and only if) Fourier analysis of time series of relevant 
environmental variables reveals fluctuations which have a 
flattish spectrum over the range of frequencies for which 
the magnitude of the transfer function is significant, it is 
safe for the purpose of population analysis to represent 
these fluctuations as white noise. Where this idealisation is 
permissible, the population spectral density is proportional 
to [TO |’. 

Whenever environmental fluctuations lead to a peak in 
the population spectral density, quasi-cyclic behaviour 
results. Moreover, the argument in the previous paragraph 
guarantees that any underdamped system will respond in a 
quasi-cyclic manner to environmental fluctuations with a 
flattish spectrum. In Fig. 1 we show an example of quasi- 
cyclic population fluctuations obtained from a time-delayed 
logistic model with a time delay chosen to correspond to 
very light damping, and a randomly fluctuating carrying 
capacity. In Fig. 2 we illustrate the same behaviour in a 
damped Lotka-Volterra predator-prey model’ with random 
fluctuations in the predator death rate. We have obtained 
similar cycles when analysing the effects of fluctuating 
mortality in a single-species model with age structure, and 
in a model of experiments’ in which persistence in a 
spatially heterogeneous, predator-prey system is achieved 
through a balance of migration and local extinction. This 
work will be reported in detail elsewhere. 
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We have given a simple linear analysis of a mechanism 
which can generate oscillations. In principle, this treatment 
ought to be applicable only to very small oscillations, but 
we have carried out extensive numerical simulations of the 
above models and conclude that the linear analysis is 
remarkably accurate in predicting the size and nature of 
the population fluctuations right up to the point where ex- 
tinction of the population on an ecological time scale 
becomes highly probable. Thus we conclude that population 
cycles of rather large amplitude may occur when an under- 
damped control system is subject to random environmental 
noise, and we suggest that this mechanism is worthy of 
consideration when analysing real population data. 

We thank Mr M. Pettipher for assistance with the 
numerical analysis. 
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Monogamy and duetting 
in an Old World monkey 


Tue first monogamous mating system among Old World monkeys 
has been discovered in the Mentawai langur, Presbytis poten- 
ziani. The only known monogamous anthropoid primates were 
the Old World gibbons (Hylobates spp.)' and a few New World 
monkeys?*. Reproductive groups of all known Old World 
monkeys, represented by approximately 85 species, are either 
polygamous or promiscuous’. 

The endemic Mentawai langur is an arboreal folivore confined 
to Siberut, Sipora, North Pagai and South Pagai islands, 
85-145 km west of Sumatra*. Our main study population was 
nine langur groups inhabiting a study area covering 200 ha in 
central Siberut Island, near the headwaters of the Sirimuri 
River (1°24’S, 99°1’E). Between July 1972 and November 1974 
we spent 447 d and made over 160h of visual observation of 
undisturbed Mentawai langurs at this site. 

Adult Mentawai langurs exhibit little sexual dimorphism. 
Ten specimens (6 males, 4 females) show a female—-male weight 
ratio of 0.98 (mean weight: male 6.5 kg; female, 6.4 kg). The 
only difference in coat coloration between the sexes is the male’s 
conspicuous white genital fur patch. 

The 2! groups of langurs we observed were adult pairs with 
up to four younger animals. Females bear a single infant 
approximately once every other year. Mean size of nine families 
studied regularly varied from 3.4 in March, 1973 to 4.0 follow- 
ing the 1974 July-August birth season. Adult pairs remained 
together for the entire 2.5-y study. 

We did encounter six solitary males. These solitary males 
account for 22°% (6/27) of our adult male sample. All adult 
females observed were monogamously mated. But all-male 
groups, typical of other polygynous langurs*, were never 
encountered. 

Families occupy a home range of about 15-22 ha. Home 
ranges of adjacent groups overlap extensively, but each contains 
an exclusively used “core area”? where their sleeping trees 
(mean = 2 per group) are located. Core areas are situated on 
major ridge crests, on boundaries between gibbon (Hylobates 
klossii) territories. Intrusion by alien langur males into core 
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ical, duetted intergroup call by a mated pair of Mentawai langurs. The three 


Fig. 1 Ink tracings of audi illustrating a 
prolonged Neue O 5s) sounds terminating the duet are 
male’s 


ose of the female. The 
on. Note the two components to the male call; a serles of harsh, bip 


first sound overlaps the stacatto terminal tril of the 
hasic sounds corresponding to inhalation and exhalation, 


followed by a slow, tonal trill. The vocalisations were recorded in the field at 9.5 cm s with a Uher 4400 tape recorder and a Sennheiser 
405-S microphone fitted to a parabola 60 cm in diameter. eae Ae were made with a Kay Elemetrics sound spectrograph on 
sctting. 


areas results in aggressive inter-male confrontations dominated 
by loud vocalisations and visual display by owner and trespasser. 

Like adult females in other monogamous primates, female 
Meantawal langurs participate with their mates in vocal and 
visual displays directed towards adjacent groups. Males emit 
loud vocalisations (audible to about 1 km), either spontaneously 
or on hearing or seeing members of other groups. They are 
comparable to the intergroup “spacing” calls of other male 


colobines®. Male intergroup calls are accompanied by a vigorous. 


jumping display on branches. This shakes the entire tree crown. 
When the males make intergroup calls, their mates respond by 
adding a characteristic 34-syllable coda (audible to about 
0.5 km) to the end of it (Fig. 1). She then leaps from branch to 
branch, shaking the tree after the male has stopped his display. 
In other colobines such displays are given only by males®. 

The vocal portion of the Mentawai langur intergroup display, 
with its male and female components, resembles the duetting 
gibbon pairs’, titi monkeys?, and monogamous tropical birds 
which remain paired throughout the year!*". Thus the cor- 
relation of duetting with permanent, year-round monogamy 





Table 1 Behavioural response of Mentawai langurs to man 





Mated pairs 
with immature Mated pairs Solitary 
young only males 

Distraction display 12 0 0 
Cough alert 5 7 0 
Rapid flight with no 

vocalisations l 10 18 
Total (n = 53) 18 17 18 





in birds and primates can be extended to the Mentawai langur, 
and the hypothesis that duetting functions to maintain mono- 
gamous pair bonds1°-1? is supported. 

Adult male Mentawai langurs perform distraction displays 
in response to man, the major and perhaps only predator on 
primates in Siberut. Other relevant predators such as large 
raptors or felids do not occur on these islands’. Another basis 
for the relatively great impact of man as a predator on Men- 
tawai primates is the dominance of primates in the island’s 
depauperate mammalian fauna Primates constitute 82°% of all 
large mammalian prey taken by aboriginal hunters in Siberut. 
Thus, both the more intensive human predation and the lack 
of counterselection favouring alternative predator defence 
strategies probably account for the Mentawai langur’s distrac- 
tion performance in encounters with man. 

The adult male distraction display is a loud vocalisation 
accompanied by branch bouncing, delivered every 20-30 m as 
he runs through the canopy. Vocalisations resemble the harsh, 
biphasic syllables of the intergroup call (Fig. 1), but the female 
remains silent. During this performance the female and im- 
mature young often hide silently and motionless in the canopy 
for periods up to 45 min before leaving. On five different 
occasions a displaying male made a complete circle after calling 
6-8 times, entered the tree his family occupied, then again began 
a new distraction directed towards the observer. 


The presence of offspring is significantly correlated (z* = 
51.9; P<0.001) with the male’s distraction display. For the 35 
cases involving either solitary males or mated males with no 
offspring, langurs fled without giving alarm calls. Occasionally 
the male coughs harshly (7 of 17 events) if his mate is feeding 
in another tree. The cough (audible to about 50 m), may alert 
the female of danger and the male’s intention to begin rapid 
movement. It may precede the louder call (audible to about 1 km) 
family males emit in response to man (Table 1). 

Thus, several interrelated characters closely linked to mono- 
gamy in other species typify the Mentawai langur. Its lack of 
sexual dimorphism extends the correlation between monogamy 
and monomorphism!***, The monogamous pair bond is 
maintained by vocal duetting and mutual visual displays The 
distraction display of family males ts risky but increases the 
survival chances of his own offspring. 

Field work was supported by a NSF grant and by grants from 
the American Committee for International Wildlife Protection 
and the Alleghany Fund for the Study of Wildlife (Carnegie 
Museum of Natural History). We thank W. Hylander for the 
weights of Mentawai langurs at the US National Museum. We 
were sponsored in Indonesia by the Indonesian Institute for 
Sciences, the Bogor Zoological Museum and the Office of the 
Governor of West Sumatra. 
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Sex chromosome 
translocations and speciation 


SPECIATION is the primary process of cladogenetic evolution. 
It is generally agreed that genetic divergence sufficient to 
produce reproductive isolation among populations is 
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Table 1 Single-factor genetic basis of X-Y"/ /YS male mating advantage 





(A) Comparisons of yellow and normal bodied males 


X chromosome Y chromosome 
() XY", yt and X-Y* ys 
2) XY+ YS, y+ and YS 
BG) XYL ytftandX YL ft Y 
(4)  X,ytf*cart and X,ft cart Y5 
(5 X,ytftear* and X,f* cart Y 
(6) X Y5, y* and Y§ 
(B) Comparisons of X-Y + and X males 

X chromosome Y chromosome 
(1) &:¥"and X,f*cart ys 
2) XY}, y*andX,ytftcart Y“ 
(3) X YtandX,f*cart Y 
(4) XY", ytand X, ytftcart Y 


(C) Comparisons of YS and Y males 


X chromosome Y chromosome 
(1) xX-y® YSand Y 
(2) XY", yt Y5 and Y 
(3) X,f* cart YF and Y 
(4) X,ytf*teart Y% and Y 


yt? mating 

frequency n x* probability 
0.53 45 0.655 
0.50 260 0.902 
0.53 | 45 0.655 
0.54 117 0.405 
0.65 85 0.009* 
0.74 39 0.004+ 

X:Y* mating 

frequency n x? probability 
0.57 44 0.366 
0.50 62 1.000 
0.40 50 0.157 
0.56 89 0.244 

Y$ mating 

frequency n x* probability 
0.63 143 0.0037 
0.69 45 0.017ł 
0.64 55 0.059 
0.55 80 0.371 





All mating chambers were run with 12 males of each genotype and 24 X-Y*/ /X-Y", yfcar females. Unless otherwise indicated males were also 
yf car. Where males were not phenotypically distinguishable, the tips of the wings were clipped to allow identification; different genotypes were 
clipped in replicate chambers. No significant effect of clipping was observed. n, Total number of matings observed. Goodness-of-fit x? probabilities 
were corrected for continuity when the associated probability was greater than 0.10, 


*P<0.01. 
+P< 0.005. 
tP<0.05. 


acquired in the allopatric state’~*. One of the major pro- 
blems of evolutionary genetics is, then, characterisation of 
the genetic differences which actually produce the repro- 
ductive and sexual isolation characteristic of species. A 
partial answer to this problem has been provided by estimat- 
ing the degree of structural gene divergence over various 
taxonomic levels--populations, subspecies, semispecies, 
sibling species and morphologically distinguishable species™*. 
The general picture emerging from these studies is 
moderate structural gene differentiation at the subspecies 
level. Once reproductive isolation has been achieved, little 
additional change seems to be required to establish sexual 
isolation between subspecies. There are, however, excep- 
tions to this generalisation’, and they do not seem to be 
infrequent. Speciation may occur as a result of chromo- 
somal rearrangements, accompanied by little, if any, detect- 
able change in the structural genes usually studied. 
Attempting to explain the preponderance of sterility and 
inviability in the heterogametic progeny of hybrid matings, 
Haldane" suggested that sex chromosome translocations 
might be the cause. Tracey” estimated fixation probabilities 


of an X-Y® and a Y? chromosome in laboratory populations 
of Drosophila melanogaster. The estimated probability of 
fixation exceeded neutral expectation for both of these 
translocation chromosomes; moreover X-Y"'//Y* males had 
a mating advantage compared with K-Y"//Y males when 
the females competed for were X-Y"//X-Y". We have 
examined the genetic basis of this mating advantage and 
found that it is primarily determined by the Y* chromosome, 
with the Y: segment attached to the X and the yellow 
allele playing significant but lesser roles. In addition we 
have found that a population of D. melanogaster bearing 
x-¥"4, YS and the yellow allele exhibits significant sexual 
isolation with respect to a karyotypically normal strain 
homozygous for the eye mutant sparkling—poliert. 

The X-Y® chromosomes of all females used to test mating 
advantage carry the markers yellow, forked and carnation. 
Three Y chromosomes have been used: a normal Y, a Y® 
which lacks the Y} arm but is fertile when X-Y™//Y®*® and 
a Y°? bearing a translocated normal allele of yellow de- 
signated Yf, y*. Observation chambers™ were used to study 
mating; the genotypes used were produced by crossing to 





Table 2 Multifactor genetic basis of X-Y+/ /Y* male mating advantage 


A mating | 
X chromosomes Y chromosomes frequency n x? probability 
(A) — (B) (A) __ (B) 
qa) Xk-Y=t compared with X YS compared with Y", y* 0.71 63 0.001* 
2) XY* compared with X -Y+ Y 5, yt compared with Y 0.71 147 0.001 * 
(3) X-¥*,y* compared with K-Y* YS compared with Y 0.67 60 0.014+ 
(4) X compared with X Y5, y+ compared with Y 0.76 80 0.001* 
5O X compared with KX-Y + YS compared with Y5,y* 0.31 48 0.0144 
(6) xX compared with X-Y + Y compared with Y 5, y* 0.09 53 0.001* 
(7) X,y*f*car* compared with X,f* car* Y compared with Y5 0.93 30 0.001* 





Male genotypes were combinations of columns A/ /A and B/ /B; as in Table 1, female genotypes were always X-Y"//X-Y*, yfcar, and 24 
females were used in each chamber. Twelve males of each genotype were used and they were yfcar except where wild alleles are noted. n, Total 


number of matings observed. 


Goodness-of-fit x? probabilities were corrected for continuity where the associated probability was less than 0,10. 
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a locally collected wild-type stock and selecting the desired 
recombinants. 

Yellow males are known to mate less frequently than 
their normal counterparts’: therefore, we first compared 
yellow and normal bodied males (Table 1). There is no 
demonstrable difference in mating success between these 
males when they are fertile except for flies with normal 
chromosomes. X//Y males of normal body colour show 
a significant mating advantage. Similarly, the presence or 
absence of the Y? segment on the X chromosome does not 
significantly affect mating success when this is the major 
genetic difference between competing males. Note, how- 
ever, that the equivalence of yellow and normal male mating 
frequency does not hold when the males lack the Y™ seg- 
ment and the Y® carries a yt marker. When Y*- and Y- 
bearing males are compared, the Y® males do significantly 
better when they are fertile regardless of body colour. The 
absence of the Y? segment on the X not only makes 
X//Y® males sterile, but also eliminates the mating ad- 
vantage for flies of normal colouration. When yellow X//Y® 
and X//Y males competed, a nearly significant excess of 
X//Y* matings was observed. If this difference is real, it 
seems that the yellow allele and the Y? segment interact 
with the Y* to produce the mating advantage observed in 
X:Y"//Y* males. 

Further evidence of interaction is presented in Table 2 
which summarises mating chamber studies in which both 
the X and Y chromosomes of males differed. Comparison 
of studies 1 and 5 (Table 2), in which all Y chromosomes 
were Y® but the yellow marker and the XY" chromosome 
were juggled, suggests that yellow males are more readily 
accepted by X-Y"//X-Y™ females when the males carry the 
X:Y". In the presence of a normal X chromosome, the 
yellow mating advantage disappears. The comparisons of 
X-Y? and X males (Table 1) indicate that this difference is 
attributable to a yellow by X-:Y"™ interaction. Males of 
normal body colour mate more frequently when they are 
of normal karyotype or carry a Y? marked with y* (Table 
1, A5 and 6; Table 2, studies 2, 4, 5 and 6). The body colour 


equivalency apparent in Table 1, however, indicates that. 


this advantage is an effect of the Y* rather than the y* 
allele. Moreover, X//Y* males are sterile; any mating ad- 
vantage of such males is meaningless in an evolutionary 
context. 

Thus, mating advantage of X-Y"//Y* males is primarily 
affected by the Y” chromosome and augmented by a yellow 
—X-Y™ interaction. As X-Y™//Y® is fitter than X//Y when 
females are X-Y"//X-Y", it is important to assess the degree 
to which an X-Y"-Y® system is sexually isolated from 
normal, X-Y populations of D. melanogaster. Conclusive 
tests of the degree of sexual isolation attributable to the 
translocation and to the yellow marker will require extensive 
homogenisation of genetic background. We have, however, 
obtained exciting results in a preliminary test. Males and 
females from the X-Y", yfcar; Y” stock were placed in 
observation chambers with a wild strain containing the 
marker gene sparkling—poliert eye. The degree of homo- 
gametic mating exceeds 82%; 70 of 85 matings were between 
males and females of the same stock. This difference is 
highly significant and yields a sexual isolation coefficient 
equal to 0.65+0.08; a value in excess of those obtained for 
populations and subspecies of D. willistonf*, but within 


range of values obtained for semispecies of D. paulistorum"™.. 


To the extent that we may extrapolate from laboratory 
studies, these and previous” results suggest that speciation 
may occur with minimal genic change. The fixation of 


XY" and Y® in an isolated population is a virtual certainty _ 


given sufficient time. In the absence of other change this 
X:Y*—Y® population is reproductively isolated from its pro- 
genitor. The additional substitution of the yellow allele, 
which is itself advantageous in some conditions", engenders 
both a greater mating advantage and a rather high degree 
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of sexual isolation. In the light of the high frequency of sex 
chromosome polymorphisms, within and among species”, 
and the low degree of genetic divergence between some of 
these species’’*, Haldane’s explanation of reproductive isola- 
tion requires serious consideration. 


This work was supported by the NRC. 
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Lipoprotem of Gram-negative bacteria 
is essential for growth and division 


THE lipoprotein of Gram-negative bacteria has become a cell 
surface component of central interest following its characterisa- 
tion by Braun and coworkers!. This small protein (molecular 
weight 7,500) is unique in containing as its N-terminal amino 
acid a glycerylcysteine to which three fatty acids are covalently 
bound’. It is also unusual in its subcellular distribution: one- 
third of the total lipoprotein is covalently linked to the cell wall 
peptidoglycan while the remaining two-thirds exists in an 
unlinked or “free” form in the outer membranet. Free and 
mureinlinked lipoprotein seem to be identical in structure**, 
and pulse-chase experiments indicate that free lipoprotein is 
the precursor to murein-linked lipoprotein*. Braun’s lipoprotein 
or an immunologically related protein has been found in a wide 
variety of Gram-negative organisms’®, and in Escherichia coli 
is present in about 3 x 10° copies per cell’. These observations 
suggest that lipoprotein performs some essential function(s); 
however, the nature of that function is unknown. It has been 
suggested that lipoprotein may have a role in anchoring the 
outer membrane to the cell wall?, or function in transporting 
small molecules through the outer membrane’ or be involved in 
cell division’*". To clarify the role of Braun’s lipoprotein, we 
have isolated a mutant deficient in its synthesis. 

The procedure used for isolation of the mutant was based on 
some of the unusual properties of the lipoprotein. The primary 
amino acid sequence of Braun’s lipoprotein has been deter- 
mined’?; it has been found to lack five amino acids, including 
proline, histidine and tryptophan. Hirashima and Inouye? 
have demonstrated that during starvation for these amino 
acids, E. coli continues to synthesise lipoprotein, although 
synthesis of other proteins is drastically reduced. This observa- 
tion suggested the possibility of enriching for a lipoprotein 
mutant by starving cells for proline, histidine and tryptophan, 
labelling with arginine, and performing a suicide selection. 
Since 42% of the total radioactivity incorporated by our strain 
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after amino acid starvation was found in lipoprotein (as com- 
pared to 3% in normal conditions), on prolonged storage a 
mutant which had not synthesised lipoprotein should survive 
longer than wild type. Two additional considerations taken into 
account were that lipoprotein might be essential for growth, and 
that the suicide would only enrich for mutants which either did 
not synthesise the protein or degraded it very rapidly. This 
prompted the use of a strain carrying a temperature-sensitive 
amber suppressor, which would allow the isolation of a con- 
ditional amber mutant in lipoprotein. 

To perform the suicide selection, a strain which carried a 
temperature-sensitive suppressor and which could be starved 
for the appropriate amino acids was constructed by transducing 
D117 (an E. coli K12 strain of genotype pro ~his~trp~ Su Alac]- 
F’lac~ amber) with bacteriophage P1 grown on E. coli MB188 
(trp am Sulll-A81 ts from K. Begg). A transductant was 
selected which was phenotypically /acttrp* at 30°C and 
lac~irp~ at 42°C; the transductant also showed temperature 
sensitivity in its ability to allow growth of amber phage. It was 
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Fig. 2 Effect of temperature shift on growth and viability of 
ST715. ST715 was grown at 30°C in L broth” and at time 
O diluted 1/10 into prewarmed (42 °C) L broth. Viable counts 


(O) and absorbance ( @) were measured. The solid line is a 


cured of the episo acridi ulti aj 
pisome by acridine orange. The resulting strain growth curve (absorbanceyor the parent (M7) at 42°C: 


a b c d e f æg 


M7 (pro`his trp am Sulll-A81 ts), was mutagenised to 5% 
survival with nitrosoguanidinet* diluted 1/10, and allowed to 
grow overnight at 30 °C in E medium” supplemented with 
the required amino acids. The culture was filtered, washed, 
resuspended in 50 ml E medium lacking proline, histidine, and 
tryptophan, and incubated at 42°C for 60 min. *H-arginine 
(50 pCi ml~!, specific activity 28.7 Ci nmol) was added, and 
incubation at 42°C continued for 90 min. The cells were 
collected by filtration, washed with minimal salts containing 
unlabelled arginine (500 ug mi), and then washed with cold 
water to remove pocls of unincorporated radioactive arginine. 
The cells were resuspended in cold E salts and stored at 
4 °C. Viability was measured at intervals by plating at 30 °C. 
The cell titre decreased exponentially, and had fallen from an 
initial value of 1 x 10% ml ~! to 3 x 10? ml ~ after 45 d. Unlabelled 
control cells decreased in viability by less than 50% during 
this time. After 45 d, all surviving cells were plated on minimal 
plates and screened for temperature-sensitive growth on 
nutrient agar plates. Of 23,000 total survivors obtained from 
several experiments, 513 were temperature sensitive, and these 
were assayed for lipoprotein synthesis at 30 and 42 °C. 

One of the temperature-sensitive survivors was found to 
synthesise reduced amounts of murein-linked lipoprotein at 
42 °C (Table 1). Murein-linked lipoprotein accounts for 3.2% 
of the arginine incorporated into the envelope fraction of M7 
at 30°C; this figure is slightly higher at 42 °C. In contrast, 
strain ST715, although showing normal lipoprotein levels at 
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Fig. 1 SDS-acrylamide gel electrophoresis of envelope fractions 
from M7 and ST715 grown at 30 and 42 °C. M7 and ST715 
were grown at 30°C in minimal medium, filtered, and 
resuspended in medium containing cold arginine (2 ug ml). 
A portion of each culture was shifted to 42 °C, and aliquots 
withdrawn after 30, 60, and 90 min. Each aliquot was labelled 
at 42 °C for 30 min by the addition of @C-arginine (1 pCi ml, 
specific activity 277 mCi mmol~'). Control cultures (M7 and 
ST715 at 30°C, M7 at 42 °C) were labelled 30 min after shift. 
Cultures were collected and envelope fractions prepared. These 
were dialysed overnight against 0.01 M Tris-HCI pH 6.8 at 4 °C, 
and collected by centrifugation at 90,000¢ for 60 min. Envelope 
fractions were solubilised in sample buffer? containing 0.5% 
SDS and applied to a 12.5°% acrylamide slab gel** containing 
0.5% SDS along with molecular weight markers. The gel was 
stained with Coomassi brilliant blue™, dried and autoradio- 
graphed. Sample wells contain: a, M7 labelled at 30°C, 
60,000 c.p.m. applied; b, M7 labelled at 42 °C, 115,000 c.p.m. 
applied; e, ST715 at 30°C, 40,000 c.p.m. applied; d, ST715 
after 30 min. at 42 °C, 50,000 c.p.m. applied; e, ST715 after 
60 min at 42 °C, 30,000 c.p.m. applied; f, ST715 after 90 min 
at 42 °C, 27,000 c.p.m. applied; g, same as b. Molecular weight 
standards were bovine serum albumin (68,000), DNase (31,000), 
trypsin (23,800), cytochrome c (12,400) and insulin (5,700). 
Free lipoprotein migrates immediately behind the front and is 
indicated by an arrow. The band of slightly higher molecular 
weight migrating behind free lipoprotein is presumably murein- 
linked lipoprotein which has been released by endogenous 
murein hydrolases. This assumption is based on the fact that 
neither band contains histidine (data not shown), and that the 
synthesis of both seems to decrease in a coordinate fashion during 
incubation of ST715 at 42 °C. 


Fig. 3 Effect of temperature shift on morphology of ST715. 

ST715 was grown in L broth at 30°C (a), and shifted to 42 °C 

for 3 h (b). Cells were collected by centrifugation, resuspended 

on 0.01 M Tris pH 6.8, and stained with 2%, uranyl acetate. 

`” Micrographs were taken in a Joelco 100B electron miscroscope 
at a magnification of x 5,000. 
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Table 1 Assay of murein-linked lipoprotein in parent and mutants 
grown at 30 and 42 °C 





Total envelope Lipoprotein Lipoprotein/total 

(#C-Arg c.p.m.) (c.p.m.) envelope ratio (%) 
M7 30 °C 73,968 2,392 3.2 
42°C 77,536 3,304 4.3 
ST715 30°C 39,276 1,255 3.2 
42 °C 80,055 636 0.8 


This assay is based on the observation” that murein-linked 
lipoprotein can migrate on chromatograms in an isobutyric acid- 
ammonia solvent after it is released from murein by lysozyme 
digestion. ST715 and M7 were grown at 30°C in E medium 
supplemented with required amino acids and arginine. In the early 
phase of exponential growth, the culture was filtered and cells 
resuspended at 30°C in medium containing arginine (4 pg mi7). 
After 10 min, a portion of each culture was shifted to 42 °C and 
incubated for 30 min; control cultures remained at 30°C. HC- 
arginine (specific activity 277 mCi mmol ~+) was added to 0.5 pCi mi}, 
and incubation continued for 30 min. Cultures were chilled, collected 
by centrifugation at 4°C, washed once with cold saline and re- 
suspended in 1 mi cold 0.01 M Tris HCl pH 6.8. The cells were 
ruptured by sonication, centrifuged for 5 min at 3,000¢ te remove 
unbroken cells, and then centrifuged at 90,000¢ for 60 min to collect 
envelopes. These were resuspended in a small volume of water and 
boiled for 5 min. A small aliquot was spotted on Whatman 3MM 
chromatography paper for direct counting; the remaining sample 
was applied in two equal portions to Whatman 3MM paper and 
chromatographed overnight in isobutyric acid—~l N NH,OH (5:3) 
(descending chromatography). This procedure separates murein- 
linked lipoprotein (origin) from free lipoprotein and other envelope 
proteins which migrate with an Rr of 0.8. Chromatograms were 
dried, and a 2-cm region around the origin cut out. One of each 
duplicate sample was incubated overnight at 37°C in 2 ml 0.5 N 
ammonium acetate containing egg white lysozyme 500 pg mi; 
the control was incubated in buffer alone. Incubation with lysozyme 
releases the lipoprotein from the cell wall material at the origin but 
does not liberate the lipoprotein from the paper. 

The origins were washed twice with water, dried, sewn on to 
Whatman 3MM paper, and rechromatographed in  isobutyric 
acid-1N NH,OH (5:3) for 4 h. Murein-linked lipoprotein migrates 
with an Rr of 0.8 during this chromatography. Chromatograms were 
dried, cut inte 2-cm pieces and counted. Each value was corrected 
for counts released during the control incubation (from 10-20°% of 
the value obtained using lysozyme), and samples were normalised by 
comparing each lipoprotein value to total envelope counts applied. 
This assay is specific for murein-linked lipoprotein since there is 
little release of radioactivity in the absence of lysozyme; the released 
material contains palmitic acid and diaminopimelic acid but not 
histidine; when eluted from the chromatogram and subjected to 
SDS-acrylamide gel electrophoresis, all the material comigrates with 
in vivo-labelled murein-linked lipoprotein (data not shown). 


30 °C, shows a fourfold decrease in incorporation into lipo- 
protein after 60 min at 42 °C. A second survivor also showed a 
twofold decrease in murein-linked lipoprotein at 42 °C as well 
as slightly reduced levels at 30 °C (data not shown); this strain 
was very unstable and further studies were performed on ST715 
only. 

To determine whether ST715 also showed a temperature- 
dependent reduction in synthesis of free lipoprotein, M7 and 
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ST715 were incubated at 30 and 42 °C for various periods. of 
time and then labelled with “C-arginine. Whole envelope 
fractions were prepared and subjected to sodium dodecyl 
sulphate (SDS)-acrylamide gel electrophoresis as shown in 
Fig. 1. This gel does demonstrate a decrease in synthesis of 
lipoprotein in ST715 as a function of time of incubation at 
42 °C; this decrease is quite gradual, and some synthesis is still 
detectable after 2 h at 42 °C, presumably reflecting leakiness of 
the temperature-sensitive suppressor. Other changes in the 
envelope fraction of ST715 at 42 °C can be seen; notably the 
appearance and gradual disappearance of a protein band of high 
molecular weight (~ 90,000) and the disappearance of a band of 
~ 70,000. The relationship of these changes to the lipoprotein 
lesion is unclear and will be studied in revertants. 

The effects of lipoprotein deficiency on cell physiology were 
studied by shifting an exponentially growing broth culture of 
ST715 from 30 to 42 °C (Fig. 2). This shift results in an abrupt 
cessation in the increase of viable counts. Cell mass continues 
to increase, however, and filaments are formed (Fig. 3). After 
several hours at 42 °C, viability begins to decrease slowly; at 
this time cells are 4-8 times their normal length. Thus, continued 
lipoprotein synthesis seems necessary for cell division. 

To determine whether lipoprotein deficiency, filament forma- 
tion and temperature-sensitive growth were the result of a 
single mutation, revertants which could grow at the non- 
permissive temperature were selected. These were found to 
occur at a frequency of approximately 10~*. Ten revertants were 
selected for further study, and all were found to have increased 
levels of murein-linked lipoprotein at 42 °C. Two revertants, 
E4 and E10, which showed normal growth rates at 42 °C, were 
analysed for murein-linked lipoprotein and found to have levels 
comparable to M7 (Table 2). Interestingly, E10 seems to be a 
wild-type revertant, whereas E4 has apparently reverted to 
temperature-independent suppression. The fact that activation 
of a suppressor at 42 °C enables E4 to grow and make lipo- 
protein at this temperature suggests that ST715 carries an amber 
mutation. Other revertants studied seemed to be partial revert- 
ants, which grew with a greater than normal generation time 
at 42 °C, and, showed only partial restoration of bound lipo- 
protein levels at 42 °C (ranging from a two- to fourfold increase 
over mutant levels in an experiment in which the parental level 
was 7 times that of ST715). This may indicate that lower 
amounts of lipoprotein than observed in the parent are sufficient 
to support growth. The results shown in Table 2 also demor- 
strate that growth at 42 °C, filament formation, and lipoprotein 
content are properties linked by transduction. These results 
indicate that all properties of the mutant are due to a single 
mutation, and suggest that lipoprotein may be necessary for 
normal growth and division. 

Wu and Lin*', using a suicide technique similar to that 
described here, have recently isolated a mutant deficient in 
linking lipoprotein to murein, Their mutant, like ST714, shows 
temperature sensitivity in growth and division. Since the strain 
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Table 2 Properties of revertants and transductants of ST715 





Growth at 42 °C 


Strain -+ tryp. —~tryp. 30 °C 
M7 -+ ~ + 
ST715 a = -H 
E4 4- t +- 
E10 -4 i A 
TD4 4 — +- 
TD6 4 -~ -+ 


Plates T4amB25 


Aton te te tebaino Wt 


Murein-linked 


Morphology lipoprotein (at 42 °C)/ 
42°C 30°C 42°C total envelope ratio 
— rod rod 4.5% 
nd rod fil 05% 
+ rod rod 4.0% 


— rod rod 
~ rod rod 5.3% 
_ rod rod 3.6% 


Revertants of ST715 were isolated by spreading approximately 3 x 10° cells on minimal plates and incubating at 39 °C. Revertant clones were 
purified, tested for amino acid requirements and streptomycin resistance, and grown in minimal medium at 42 °C to determine growth rate. 
Murein-linked lipoprotein was measured on cultures which had been pregrown at 30 °C, shifted to 42 °C for 60 min, and then labelled at 42°C 
for 30 min with “C-arginine. Growth requirement for tryptophan was determined on plates; phage sensitivity was measured by plating efficiency 


at 30 and 42 °C; and morphology examined by phase microscopy. 


PI transduction was performed as described” using E. coli K12 strain GR2131 (genotype pro-leu-trp-gal-man-xyl-mal-lac-phoA parE from 


G. Willsky) as a donor. Transductants which were able to grow at 42 


°C were isolated, purified, and tested for amino acid requirements. Two 


transductants, TD4 and TD6, were assayed for murein-linked lipoprotein and tested for other properties as described above. 
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isolated by Wu and Lin seems, however, markedly deficient in 
linking lipoprotein to murein at the permissive temperature, it is 
possible that murein-linked lipoprotein does not have an 
essential role in growth and division of E. coli. This would imply 
that it is the deficiency in free lipoprotein which is responsible 
for the phenotype of ST715. In addition, until it can be shown 
that ST715 carries a lesion in the structural gene for lipoprotein, 
it remains possible that ST715 is affected in growth and lipo- 
protein through a mutation which affects both properties 
indirectly. An example would be a protease responsible for 
processing lipoprotein and other essential proteins. 

Mutants with reduced levels of other major outer membrane 
proteins (of molecular weight 30,000-40,000) have been 
described! as well as mutants which lack onct® Y or al? of 
these proteins; however, such mutants are viable and morpho- 
logically normal. This is in contrast to ST715, which is unable 
to grow and divide at the non-permissive temperature when 
lipoprotein formation is greatly reduced. Braun’s lipoprotein 
thus may serve a more vital function(s) than do these other 
major outer membrane proteins. Further studies with the lipo- 
protein mutant described here should define the role of this 
major component of the outer membrane in cell growth and 
division. 
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Prevention of the contagious spread 
of feline leakaemia virus and the 
development of leukaemia in pet cats 


CLUSTERING of cases of feline lymphosarcoma (LSA) or leu- 
kaemia has been observed by veterinarians for many years'™. 
The first anti-feline leukaemia virus (FeLV) serum was re- 
ported in 19695 and by 1970 a simple indirect immunofluores- 
cent antibody (IFA) test for the detection of FeLV in the 
peripheral blood of infected cats had been developed®. Using 
this test we found that 33°% of the healthy pet cats exposed to 
cats with FeL.V-associated diseases were infected with FeLV. 
All the cats known not to have been exposed to cats with 
FeLV-associated diseases were uninfected and only 0.31% 
of the stray cats, with an unknown history of FeLV exposure, 
were infected’. Once persistently viraemic with FeLV, most 
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cats remain infected for their entire lives. These results showed 
conclusively that FeLV is transmitted between cats by in- 
fection or contagion (that is, horizontally), in contrast to the 
oncornaviruses of inbred mice which are predominantly trans- 
mitted genetically from the parents to the offspring by means of 
the chromosomes (that is, vertically)’. 

FeLV causes four fatal diseases in pet cats. The diseases are: 
(1) LSA+", (2) non-regenerative anaemia**, (3) a panleuko- 
paenia-like syndrome’, and (4) thymic atrophy’. FeLV is also 
associated with, but not vet proven to be the cause of, various 
myeloproliferative disorders'! and foetal abortions and re- 
sorptions (F. Goldsmith and W. D. H., Jr, unpublished}! ?13, 
Healthy FeLV-infected cats have a greatly increased chance of 
developing one of the FeLV-related diseases or of developing 
secondary diseases due to the immunosuppressive effects of 
FeLV!2)}4, 

The spread of an infectious disease agent may be prevented 
by various methods. These are: (1) vaccination, (2) killing the 
infectious agent in the environment by disinfection, and (3) 
removal of either the infected sick animal, the healthy carrier 
host or the vector(s). In veterinary medicine, when vaccination 
is not available, removal of the carrier host is commonly used 
to prevent the spread of infectious disease agents". 

Our earlier epidemiological studies showed that FeLV is an 
infectious agent for pet cats*. The ultimate goal of any epi- 
demiological study is to prevent the spread of a disease by 
identifying the aetiological agent so that it can be removed 
from the environment. We report here the successful use of an 
FeLV test and removal programme to prevent the spread of 
FeLV. and the diseases it causes, among pet cats. The FeLV 
test and removal programme consists of the identification and 
removal, by euthanasia or isolation, of Fel V-infected healthy 
cats from contact with uninfected cats'®, The IFA test for FeLV 
detects FeLV gs antigens in the peripheral blood leukocytes 
and platelets of infected cats! and we have previously re- 
ported that a positive IFA test result means that the cat is 
viraemic®!*, 

in most multiple cat households in this study an index 
FeLV test was performed on a sick or healthy cat to establish 
the FeLV status of the households. The index test-positive cat 
was removed and all the remaining healthy cats in the house- 
hold were then tested for FeLV (initial test). In the programme, 
any exposed healthy cats which were found to be infected with 
FeLV were removed immediately. After the initial test of all the 
healthy cats, the household was quarantined so that no cats were 
allowed to leave and no new cats were brought into the house- 
hold. After a 3-month interval a second test for FeLV was 
performed on all the remaining healthy cats in the household 
and any secondarily infected cats were removed. Cats which 
were FeLV uninfected in the initial test but which were 
found to be FeLV infected in the second test will be referred 
to as secondarily infected cats in this paper. Two IFA tests for 
FeLV are required for exposed cats because the natural incu- 
bation period for the establishment of viraemia can be as long 
as 3 months, and there is a possibility that an FeLV infection, 
occurring just before the first test, would not be detected in that 
test!?, If any healthy cats were positive in the second IFA test 
they were removed from the household and a third test was 
conducted 3 months later. When all the cats remaining in a 
household after the infected cats had been removed were 
negative in two consecutive IFA tests, conducted 3 months 
apart, the household was considered FeLV free. All new cats 
which were introduced into an FeLV-free household were 
tested for FeLV before they were allowed to have contact with 
the uninfected cats. 

A total of 1,260 healthy cats, from 65 households in which 
cats had developed FeLV-related diseases and from 11 breeding 
catteries, have been studied (Table 1). In 51 of these households 
the test and removal programme was implemented, while in 
25 households the owners chose not to implement the pro- 
gramme. These 25 households served as controls and were 
therefore compared with the 51 households in which the 
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owners implemented the FeLV test and removal programme. 
A total of 847 cats were tested for FeLV in the 51 households 
in which the programme was implemented (Table 2). Of these 
847 cats, 190 cats were found to be infected in the initial FeLV 
test (an initial infection rate of 22.4%) and were immediately 
removed from contact with the remaining 657 uninfected cats. 
Only 3 of these 657 uninfected healthy cats were found to be 
infected in the second test. In the 3-month period between the 
two IFA tests, 99.54°% of the initially uninfected cats therefore 
remained uninfected (a secondary infection rate of 0.46%). 

In the 25 households where the FeLV-infected healthy cats 
were not removed, and thus remained in continual contact 
with other cats in the households, a total of 413 cats were 
tested for FeLV and 129 were found to be infected in the initial 
test (an initial infection rate of 31.2°¢). Of the remaining 284 
uninfected healthy cats in these households, 55 were found to be 
infected in the second test (a secondary infection rate of 19.3%) 
(Table 2). Thus only 80.7% of the initially uninfected cats 
remained uninfected in the 3-month period between the two 
tests. The secondary FeLV infection rate in the households in 
which the FeLV test and removal programme was not imple- 
mented was 42 times greater than that in households in which the 
programme was implemented. This difference is highly signifi- 
cant (P < 0.0001) by the y? test. Thus the natural contagious 
spread of FeLV between cats was effectively prevented by the 
FeLV test and removal programme, 

We have reported previously that FeL V-infected cats have a 
significantly higher chance of developing one of the FeLV- 
related diseases? and a much higher mortality rate than unin- 
fected cats”. There was a marked difference in the occurrence 
of the disease and the mortality rate of cats living in the two 
household groups. The development of FeLV-related diseases 
was prevented in healthy cats living in the 5! households in 
which the test and removal programme was implemented. 
In contrast, in the 25 households where the programme was not 
implemented, 7 cats have developed LSA, 4 cats have developed 
FeLV non-regenerative anaemia and 13 cats have developed 
other FeLV-associated diseases within the 2-yr observation 
period (Table 3). 

The natural mortality rate for the 3 healthy initially unin- 
fected cats which became secondarily infected in those house- 
holds in which the programme was implemented was not 
determined since the cats were euthanised immediately after 
they were found to be infected and thus did not have a chance 
to develop disease. In the 25 households in which the pro- 
gramme was not implemented 24 of the 55 secondarily infected 
cats subsequently died resulting in a mortality rate of 52%. 
These 24 deaths represent a natural mortality rate of 8.5% 
of the 284 initially FeL V-uninfected healthy cats (Table 3). 

Some healthy cats living in households where the control 
programme was not implemented remained uninfected even 
though they were continually exposed to viraemic cats. To 
ensure that the test and removal programme, rather than FeLV 
neutralising antibody, was responsible for the protection of 
uninfected cats, cats living in selected households which 
implemented the programme were examined for neutralising 
antibody. Forty-one per cent of these cats tested had protective 
(= 1:10) neutralising antibody titres. Fifty-nine per cent of the 
cats thus had non-protective antibody titres and were susceptible 
to FeLV infection. Because of the implementation of the test 
and removal programme, however, these susceptible cats were 
not continuously exposed to FeLV and thus remained unin- 
fected and did not develop any FeLV related diseases. 

Pet cats of all ages are susceptible to FeLV infection in their 
natural household environments. The median age when FeLV 
was first detected in 49 of the secondarily infected pet cats in 
our study was 24.0 months. The median age at which these cats 
were last tested and found to be uninfected was 18.0 months. 
Therefore, between 18 and 24 months these adult pet cats 
became infected with FeLV in their household environments. 

The FeLV test and removal programme is currently being 
used by many veterinarians to protect FeLV-uninfected cats 
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from FeLV infection and disease development'®. The diseases 
caused by, or associated with, FeLV can be prevented by the 
test and removal programme. This is significant since diseases 
caused by and associated with FeLV are probably the most 
common killer of pet cats. 

The results obtained by identifying and removing the healthy 
inapparent FeLV-infected carrier cats show for the first time 
that it is possible to prevent the contagious spread of a mam- 
malian oncornavirus in the natural environment. FeLV and 
the diseases it causes may ultimately be controlled by a com- 
bination of the test and removal programme and vaccination. 
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Strain differences in the autoimmune 
response of mice to acetylcholine receptors 


EXPERIMENTAL autoimmune myasthenia gravis (EAMG) has 
been induced in rabbits'~* guinea pigs’** rats“ and monkeys’ 
by injection of the acetylcholine receptor (AChR) isolated 
from electric fish. The experimental disease, together with 
the demonstration of humoral*™’’ and cellular” immune 
responses to AChR in patients with myasthenia gravis (MG), 
verifies hypotheses’*"'’ about the immunopharmacological 
block of AChR in MG. An experimental model disease in 
mice is needed for studies of the genetic aspects of MG and 
the role of the thymus as a specific antigen target, and as a 
source for immunocompetent helper and suppressor cells. 
We describe here the induction of EAMG in several inbred 
strains of mice and demonstrate different susceptibility to 
the disease in strains representing different haplotypes of 
the major histocompatibility complex (H-2). We describe 
some humoral and cellular aspects of the disease and 
demonstrate that in a susceptible mouse strain both humoral 
and cellular immune response to self-AChR are elicited. 
Finally we show that AChR behaves as a thymus-dependent 
antigen, 

Mice were injected twice with a 9-week interval with 
10 ug of purified Torpedo californica AChR (specific acti- 
vity 10nmol of toxin per mg protein) per mouse. The 





Fig. 1 Electromyographs from myasthenic and normal C57BL/6 
mice. Supramaximal tetanic stimulation was applied to the 
sciatic nerve at a frequency of 20 per s with rectangular pulses 
of 0.1 ms duration and 0.75-1.5 V amplitude. The evoked 
compound muscle action potential was recorded with a coaxial 
needle electrode embedded in the calf muscle by an HP electro- 
myograph. a, Myasthenic mouse; b, control mouse. 
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immunogen was emulsified in complete Freund’s adjuvant 
(CFA) and injections were made into the footpads. Ten days 
or more after the second injection clinical signs of EAMG 
were observed in mice of the following strains: A/J and 
B10.A with the H-2* haplotype, C57BL/6, C3H.SW and 
CWB with H-2°, BALB/c and DBA/2 with H-2, AKR/Cu 
and CKB with H-2*. The disease was not found in any mice 
with H-2" and H-2" haplotypes (Table 1). The sick mice 
suffered from weight loss and exhibited signs of fatigue, 
hypoactivity, ruffled fur, paralysis of the limbs and motor 
impairment, which was accentuated by exercise. Their heads 
were sinking and their backs were exaggeratedly humped. 
Severely sick animals died from the disease, whereas in 
some cases the disease seemed to be transient. 








Table 1 EAMG incidence and antibody titres against AChR in 
different strains of mice 
log, Haemagglutination 
titre Animals with 

Strain H-2 hy ® 2°C clinical signs of 

Haplotype day 21 day63 day 8 EAMG 
A/J a 8.2 13.5 20,3 1/5 
B10.A a 7.5 11.2 20.0 2/5 
CS57BL/6 b 8.0 11.8 18.9 8/12 
C3H.SW b 7.5 11.0 19.3 2/5 
CWB b 7.5 11.5 19.6 2/10 
BALB/c d 7.5 11.2 19.8 2 
DBA/2 d 8.0 11.0 20.2 2 
C3H/Hej k 7.5 12.0 18.5 2/5 
CKB k 7.6 11.3 20.0 2/6 
AKR/Cu k 7.8 11.4 19.0 6/6 
DBA/| q 7.2 11.3 20.2 0/6 
SWR q 8.2 11.4 20.6 0/6 
SJL/J S 8.0 11.8 21.0 0/6 
ASW S 7.3 11.7 20.6 0/6 


Sl 
_ Antibody titres were determined by micropassive-haemagglutina- 
tion technique. Formalinised sheep red blood cells were coated with 
Torpedo AChR (100 ug per ml packed cells) by means of tannic acid. 


The symptoms of mice with EAMG were reversed tem- 
porarily soon after intravenous injection of 5 ug of edro- 
phonium cholride (Tensilon). In particular there was im- 
provement of motor performance such as gripping and 
walking. Further pharmacological evidence for a physio- 
logical aberration in neuromuscular transmission in mice 
with EAMG was obtained from a curare ((+ )-tubocurarine) 
test’. All the AChR-injected mice of strains in which 
symptoms of EAMG were observed, including individual 
mice which did not exhibit symptoms, had a higher sen- 
sitivity to curare than did the resistant strains. For example, 
injection of 0.6 nmol of curare intravenously was lethal for 
the AChR-injected C57BL/6 mice, tested 5 months after 
the first injection, whereas 2.4nmol was required to kill 


eee 


Table 2 Incorporation of tritiated thymidine by cultures of lymph 
node cells from C57BL/6 mice sensitised with AChR 





Antigen added to sensitised Stimulation index* 


lymph node cells 


(ug per culture) day 10 day 42 
AChR (0.50) 9.24 5.16 
(0.25) 10.07 7.14 
Mouse (C57BL/6) (5.0) 4.30 Not done 
muscle extract (2.5) 2.58 Not done 
Rabbit muscle extract (5.0) 6.50 8.66 
Lysozyme (2.0) 1.16 0.88 


sss 


Microculture lymphocyte transformation technique was used 
according to the method described by Oppenheim er al.™. Mice 
were injected with 10 ug of AChR in CFA in the footpads 10 or 42 d 
before the experiments. 

*Ratio of c.p.m. of experimental to control cultures: average of 
five experiments. 
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Table 3 Antibody response to AChR in an adoptive cell transfer experiment in C57BL/6 mice 


Group no. Cells transferred into lethally-irradiated mice 
(1) Normal spleen cells (30 x 10°) 

(2) Normal spleen cells treated with ATSt (30 x 10°) 
(3) Primed spleen ceils§ (30 x 10°) 

(4) Primed spleen cells treated with ATS (30 x 10°) 





log, Haemagglutination titre* 


AChR injected day 7t day 12 day 18 
10 pg in CFA 2.25 5.0 6.37 
10 pg in CFA 1.20 1.66 LTS 
10 ug in CFA ND 13.0 14.75 
10 ug in CFA ND 1.70 1.88 





Cell-transfer experiments into lethally irradiated mice (800 rad °°Co whole-body irradiation) were performed in a procedure similar to that 


described by McDevitt and Tyan?’. ND, Not done. 
* Average titre of 10-25 mice. 
Days after injection of AChR. 
tAnti-thymocytic serum. 


§Cells obtained from mice injected with 10 ug of AChR in CFA 3 weeks earlier. 


normal C57BL/6 mice. On the other hand, AChR-injected 
SWR and DBA/I mice (H-2%) as well as SJL/J and ASW 
mice (H-2°) which showed no symptoms were not signifi- 
cantly more sensitive to curare than normal siblings which 
had not received antigen. Neurophysiological studies of 
C57BL/6 mice, made with an HP electromyograph revealed 
a decrease in amplitude during repetitive nerve stimulation 
in sick mice (Fig. la) and a normal response in control 
animals (Fig. 15). Moreover, AChR-injected C57BL/6 mice 
which had no symptoms also showed a decremental response 
to repetitive nerve stimulation. The decremental electro- 
mvographic response as well as the pharmacological effects 
of Tensilon and curare are common criteria for verifying 
the neuromuscular block in MG. 

The autoimmune response against self-AChR in CS57BL/6 
mice injected with Torpedo AChR was demonstrated by cel- 
lular and humoral reactivity towards syngeneic muscle ex- 
tracts. Cellular sensitivity was tested by the in vitro lympho- 
cyte transformation technique. As Table 2 shows, lymph 
node cells of mice injected once with Torpedo AChR were 
stimulated in vitro when incubated with the immunogen, as 
well as with xenogeneic (rabbit) and syngeneic (C57BL./6) 
muscle extracts. Humoral autoimmune response was demon- 
strated by the ability of mouse anti-AChR sera to bind to 
syngeneic AChR. An AChR-rich fraction was prepared 
from C57BL/6 mouse muscle, by solubilisation with Triton 
in a procedure similar to that described by Lindstrom 
et al. for the preparation of rat muscle extract. AChR in 
the extract was labelled with ‘*I-bungarotoxin and the 
binding of labelled receptor to mouse antiserum was 
measured by radioimmunoassay. Sera from CS5S7BL/6 mice 
immunised with Torpedo AChR bound, per ml of serum, an 
amount of mouse AChR corresponding to 0.35 pmol of 
toxin-binding sites. 

Humoral immune response towards Torpedo AChR in 
the injected mice was determined using the micropassive- 
haemagglutination technique (Table 1). Significant titres of 
antibodies against AChR were observed in the mouse sera 
3 weeks after a single immunisation. The antibody levels 
increased during the following 6 weeks and an additional 
significant increase was observed 8d after the booster. 
No correlation between the antibody titres and incidence of 
the disease was found, as mice of all tested strains gave 
similar antibody titres (Table 1). It is possible. however, 
that there are differences in the specificity of the antibodies, 
especially as AChR is a high molecular-weight immunogen 
which presumably contains multiple potential immuno- 
potent determinants. The susceptibility.to EAMG may thus 
be determined by a genetically controlled ability to respond 
to a specific determinant (or determinants). not necessarily 
identical with the immunogenic determinants. Alter- 
natively, circulating anti-AChR may not have a major role 
in the pathogenesis of EAMG. The mouse model disease 
which has a great advantage because of the availability of 
many inbred strains, together with immunochemical 
analysis of the AChR molecule can be helpful in the elu- 
cidation of this question. 


The humoral response against AChR is T-cell dependent 
as was shown in adoptive transfer experiments (Table 3). It 
seems that T cells are required both for a primary and 
secondary immune response, Lennon ef al. have previously 
demonstrated in rats that thymus-derived lymphocytes are 
required for the induction of EAMG and antibody to 
AChR. It should be interesting to try to dissociate the role 
of the thymus as a source of T-helping and T-suppressing 
cells from the possible specific role of the thymus as an 
antigenically cross reacting target with AChR”, 

We have demonstrated the induction of EAMG in mice 
after two injections of Torpedo californica AChR. The 
clinical, pharmacological, electrophysiological and immuno- 
logical findings in mice with EAMG closely parallel those in 
patients suffering from MG as well as in other animals with 
EAMG. Mice with EAMG were shown to react with self- 
AChR, probably as a result of breakdown of tolerance. 
Strains seem to vary in their susceptibility to the experi- 
mental disease. We do not know, however, whether there is 
a similar pattern for susceptibility to spontaneous disease, 
and whether such a pattern is genetically controlled. 

We thank Drs O. Abramsky, A. Aharonoyv and E. Mozes 
for discussions. 
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Selective IgA deficiency in chickens 
with spontaneous autoimmune thyroiditis 


SELECTIVE IgA deficiency is believed to be the commonest 
form of human immunodeficiency disease, and occurs with 
a frequency of between 1: 500 and 1: 700 in random popula- 
tions'*, Although the isolated deficiency is often considered 
non-pathological, there is clinical and laboratory evidence 
that IgA-deficient individuals suffer more sinopulmonary 
infection and autoimmune and gastrointestinal disorders™*. 
Family studies have suggested a genetic factor but no 
defined inheritance patterns have been established’'. The 
chicken model has been used for a number of years in our 
laboratory to study the ontogeny of immunoglobulin class 
development". Surgical bursectomy at hatching’*, treatment 
of chick embryos with specific antisera" and combined 
neonatal bursectomy-thymectomy” can result in depressed 
levels of IgA. This report describes recent observations of 
a selective IgA-deficiency that spontaneously occurs in the 
Obese strain (OS) of White Leghorn chickens. The OS 
chickens develop spontaneous autoimmune thyroiditis 
(SAT) at several weeks of age’. Clinical hypothyroidism is 
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been reported that selective IgA deficiency in humans is 
often associated with increased amounts of serum IgM as 
well as increased number of plasma cells containing IgM 
in the laminia propria of the small intestine, indicating that 
a compensatory mechanism may occur in some individuals’. 

The relationship of autoimmune disease in humans to 
selective IgA deficiency has not been determined. While 
the majority of patients with autoimmune disorders have 
normal levels of IgA, those patients with the IgA deficiency 
have an increased incidence of abnormal K/A ratio, 
elevated levels of IgG and/or IgM, and serum 78 IgM’. 
Furthermore, those individuals who lack IgA have normal 
or increased numbers of IgA-bearing lymphocytes in the 
peripheral blood™. These observations suggest that the 
abnormality in the immune response occurs in the latter 
stages of cell maturation and results in the absence of IgA- 
secreting plasma cells. With the advent of an animal model 
for spontaneous IgA deficiency it is now possible to study 
the genetic and cellular events responsible for this defi- 
ciency. Indeed, preliminary experiments in our laboratory 
have already suggested a genetic relationship between IgA 
deficiency and alleles at the major histocompatibility locus 
in chickens. 

This work was supported by a grant from the NSF. The 








Number Ig¥(meg °%)t 
Line Age tested +sd. 
OS 6 weeks 12 228 -4-2.9 
CS 6 weeks 18 254 -4-2.0 
OS i yr 30 456-£1.7 
CS | yr 24 599 +1.3 


Table 1 Serum immunoglobulin concentrations in OS and CS chickens* 
IgM(mg %) 


IgA(mg °) Number with Total number with 


gd. E- d undetectable IgA < 40 mg ee IgA 
146+1.3 5.57 43.9 4 7 
93,4 -+ 1.3 24.5 -4-1.3 ğü 9 
201 4-1.5 16.5 4-4.4 5 8 
89.3 42.2 27.6+2.1 0 | 


*Minimum sensitivity of the radial immunodiffusion assay is 2.0 mg ° for IgY and 3.0 mg °% for IgM and IgA. 
Serum immunoglobulin levels are presented as geometric mean. Analyses were performed on log,, transformed data. 


observed and high titres of circulating as well as bound 
anti-thyroglobulin antibodies can be detected", The OS 
chickens were initially derived from the Cornell C-strain 
which reveals a 1% incidence of SAT. Selective breeding 
of CS birds, which showed phenotypic symptoms of hypo- 
thyroidism, resulted in the OS of which now, in generations 
16 and 17, show 96% SAT. The histological and serological 
features in OS chickens make it a reasonable animal model 
to study Hashimoto’s thyroiditis, an autoimmune disorder 
in humans”. 

Serum immunoglobulins IgY (ref, 16), IgM, and IgA 
were quantified by radial immunodiffusion in Agarose gel 
with heavy chain-specific antisera and reference standards 
prepared in our laboratory”. This technique is conven- 
tionally used to diagnose selective IgA deficiency in 
humans”. Both systems can detect IgA concentrations as 
low as 2-3 mg %. 

In Table 1 the serum immunoglobulin concentrations of 
a random population of 6-week and 1-yr-old OS and CS 
chickens are presented, Serum IgA concentrations were 
markedly decreased in OS chickens with a mean concentra- 
tion of 5.6 mg % in 6-week-old birds and 16.5 mg % in I-yr- 
old birds. Although many of these OS birds had normal 
levels of IgA, 33% (4 of 12) 6-week-old birds and 16% (5 
of 30) I-yr-old birds had undetectable levels of IgA 
(<3.0 mg %). In contrast, only one CS bird had an IgA 
level of less than 10 mg ‘%, and none had undetectable levels 
of IgA. In addition to the isolated IgA deficiency in OS 
chickens, an increase in serum IgM levels were noted. It 
was observed, however, that the IgA-deficient birds did not 
necessarily have a selective increase in IgM, but rather the 
increased IgM was present throughout the entire OS popula- 
tion. This is consistent with the increased number of IgM- 
bearing B-cells found in OS chickens". It has previously 


OS strain was developed and is maintained by the Depart- 
ment of Poultry Science at Cornell University. Dr Luster 
is a recipient of a USPHS fellowship from the NIAID. 
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Transformation of human 
lymphocytes by Epstein-Barr virus is 
inhibited by phosphonoacetic acid 


PHOoSPHONOACETIC acid (PAA) is an inhibitor of herpes 
simplex virus and of several other herpes viruses. It acts as 
a specific inhibitor of two viral DNA polymerases, those of 
herpes simplex and of Marek’s disease (a herpes-induced 
leukaemia in chickens)”. We have used PAA as a probe 
to investigate the possible existence of a virus-directed DNA 
polymerase and its role in replication of viral genomes 
during the transformation and proliferation of normal 
human peripheral lymphocytes induced by Epstein-Barr 
virus (EBV), which is a herpes virus closely associated 
with the development of several neoplasms in man. 

Synthesis of the EBV capsid antigen (VCA), but not of 
the early antigen (EA), is dependent on DNA synthesis’. 
Moreover, EBV producer lines cease synthesis of VCA 
and biologically active virus after several days of treatment 
with PAA at concentrations which do not have a measur- 
able effect on cellular growth, cellular DNA synthesis or 
expression of either EA or the EBV nuclear antigen 
(EBNA)‘*. The average number of copies of the viral 
genome per cell also decreases in these conditions because 
of the inhibition of productive viral DNA synthesis. 
Replication of latent viral DNA seems to be unaffected 
by PAA*’®. Although no EBV-specific DNA polymerase 
has been isolated, these data suggest the existence of such 
an enzyme. 

Little is known about the events by which EBV causes 
resting normal peripheral lymphocytes to transform and 
proliferate. The only two indicators of transformation are 
an increase in cellular DNA synthesis’’* and the appearance 
of EBNA several days after infection’. Because of the 
limitations of material and available techniques, information 
about the behaviour of the viral DNA during infection is 
limited. Replication of the viral DNA after infection is 
suggested, however, by the presence of multiple copies of 
the viral genome in lymphoblastoid cell lines produced by 
in vitro infection with EBV”. 

EBV transforms only the B-cell population of peripheral 
blood lymphocytes. Therefore, purified B-cell populations 
from normal adults were used to study DNA synthesis after 
infection with EBV. Use of purified B cells greatly decreases 
the background level of DNA synthesis by untransformed 
cells and provides a much more sensitive measure of virus- 
induced DNA synthesis than does the use of unfractionated 
cells. This method is at least as sensitive as the more 
commonly used cord blood lymphocytes and a full account 
will be published elsewhere. Briefly, blood was drawn from 
normal healthy adult donors into heparinised syringes and 
mixed 1: | with Hanks’ balanced salt solution. The 
peripheral lymphocytes were purified by centrifuging over 
Ficoll-Hypaque’. The lymphocytes at the interface were 
washed with medium (RPMI 1640 plus penicillin 
(100 U mf’), streptomycin (100 zg m1*), glutamine (300 ag 
ml“) and 5% foetal calf serum) and passed over an 
immunoabsorbent column of goat (anti-human Fab’) anti- 
body coupled to Sephadex G-200 (ref. 12). The B-cell 
population was bound to the column and was eluted with a 
1% solution of human y globulin and then twice washed 
with medium. This population is > 95% B cells as judged 
by labelling with fluorescent rabbit (anti-human Fab’) anti- 
body. 

The rate of DNA synthesis by normal peripheral B 
lymphocytes cultured in the presence of various concentra- 
tions of PAA and assayed 6-7d after addition of the 
transforming strain of EBV from the supernatant of the 
B95-8 marmoset lymphoblast culture is shown in Fig. 1. 


Nature Vol. 263 September 23 1976 


There was demonstrable inhibition of DNA synthesis with 
as little as 12.5 ag mi, with 50% inhibition at 100 wg ml 
and complete inhibition at 200 ug ml. As a control, the 
effect of PAA on DNA synthesis in B lymphocytes stimu- 
lated by phytohaemagglutinin or pokeweed mitogen was 
studied. There was no inhibition up to a PAA concentration 
of 100 g mI” and only 30% inhibition at 200 ug mI”. 
Consistent with the above observations of DNA synthesis, 
PAA at 100-200 ug ml™ was sufficient to inhibit completely 
the outgrowth of B-cell cultures infected with the B95-8 
strain and observed for up to 1 month after infection, 
compared with controls which grew out after 12d (Fig. 2). 
The inhibitor did not act directly on the virus, however, 
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Fig. 1 Effect of PAA on DNA synthesis of normal peripheral B 
lymphocytes transformed by EBV or mitogens. Purified B 
cells were suspended at 2 x 10 ml~! in RPMI 1640 medium sup- 
plemented with 20° foetal calf serum, and 0.1-ml samples were 
added to Wells of a Linbro Micro Test II plate. EBV (see below), 
PHA (Burroughs Wellcome final concentration 0.25 pg mi~’) 
and pokeweed mitogen (Gibco, final concentration 40 pg ml) 
were diluted appropriately with the same medium and added in 
0.1 mi to make a final volume of 0.2 ml per well. PAA, at appro- 
priate dilutions, was added when required in a volume of 3~5 
ul by means of an automatic delivery Hamilton syringe. All 
experiments were set up in triplicate. The cells were incubated 
at 37°C in a humidified, 5°, CO, atmosphere. After 6d the cells 
were pulsed overnight with 50 ul of medium containing °H- 
thymidine (New England Nuclear, 2 Ci mmol, 2 pCi ml~). 
The cells were collected on glass fibre filters, washed repeatedly 
with saline followed by 5°% ice-cold trichloroacetic acid and 95% 
ice-cold ethanol. The filters were dried and the remaining radio- 
activity was assessed by addition of § ml of Liquifluor scintil- 
lation fluid and counting. The experimental results are expressed 
as 
c.p.m. in experimental 

A £8 | Re 

c.p.m. in positive contro! 


The ¢.p.m. in the positive controls (EBV or mitogen-added but 


Broken and unbroken lines represent B cells from different 

individuals with unstimulated incorporations of 105 and 141 

c.p.m. respectively. The B95-8 EBV concentrates used in these 

experiments were provided by Dr K. A. Traul of Pfizer Inc. 

lot no. 3373-11, TCID; 108° U ml by induction of EBNA 

in cord blood, electron suas count 4x 10° viral particles 
per mi, 
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Fig. 2 Appearance of cultures infected with EBV to which PAA 
had not (a) or had (b) been added. Parallel cultures were infected 
with a supernatant from the B95-8 marmoset cell line, at a dilution 
of 1:10. Every 3-4 d half the culture medium was replaced with 
fresh medium. For full experimental details, see legend to Fig. 
la, Control culture infected with EBV alone and photographed 
12-15 d after infection. After this time it is necessary to transfer 
the cells to larger wells to maintain them. Growth, as illustrated, 
occurred in all of 33 wells to which virus was added. 6, Culture 
infected with EBV and maintained in the presence of PAA 
100 ug ml ~ photographed 30 d after infection. At no time was an 
increase in cell number observed in any of 33 wells. 


for preincubation with PAA for up to 6h at 37 °C did not 
affect the activity of the virus in stimulating DNA synthesis 
after removal of the inhibitor (data not shown). Further- 
more, expression of at least two viral functions was un- 
affected insofar as PAA up to 200 ug ml‘ did not affect 
induction of EBNA in the peripheral B lymphocytes, nor 
did it affect induction of EA in the Raji cell line by the 
superinfecting strain of EBV from the P3HR-1 cell line 
(Table 1). Although PAA does not inhibit induction of 
EBNA in either adult peripheral B lymphocytes or those 
from cord blood, it is inhibited by cytosine arabinoside which 
blocks all DNA synthesis (1. Ernberg and G. Klein, personal 
communication). Both PAA and cytosine arabinoside are 
ineffective, however, in preventing EBNA induction during 
conversion of the EBV-negative lymphoblastoid line Ramos 
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Fig. 3 Effect of PAA, added at various times after infection, on 
the rate of EBV-stimulated DNA synthesis. Purified human 
peripheral B lymphocytes were set up in culture in the presence 
of a 1:10 dilution of EBV as described in the legend to Fig. 1. 
PAA was added at various times in a volume of 3-5 ul to give the 
appropriate final concentration from an automatic delivery 
Hamilton Syringe. The cells were assayed for DNA synthesis, 
as described in the legend to Fig. 1, 9 d after infection. @, PAA 
final concentration 50 pg ml-'; <, PAA concentration 200 
ug ml~*. The c.p.m. in positive control — 1,976. 
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into its EBV-positive derivatives'’. This suggests that 
cytosine arabinoside does not act directly on EBNA pro- 
duction but is effective in the transformation experiments 
because it prevents blastogenesis, and that once the cells 
have undergone blastogenesis, EBNA may be induced 
without DNA synthesis. 

It is interesting that with PAA at 100-200 ugml", 
cellular DNA synthesis stimulated by mitogens and EBNA 
induction were unaffected, whereas the transformation and 
outgrowth of EBV-infected cultures was inhibited. This 
implies that induction of EBNA is not sufficient to cause 
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90 i s 
0.5 4.5 0.5 4.5 Time:PAA added after 
80 proliferative agent (d) 
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Fig. 4 Effect of adding PAA (200 ug mi —') 0.5 and 4.5 d after stim- 
ulation of DNA synthesis by EBV or PHA. Normal! peripheral B 
lymphocytes were treated with EBV (dilution | :10) or PHA as des- 
cribed in the legend to Fig. 1. PAA was added in 3-5 ul either 0.5 d 
or 4.5 d after cultures were set up. The rate of DNA synthesis 
was assayed 6 d after cultures were infected. Each column is the 
result of averaging the results obtained using cells from six 
different donors and the bars represent | s.d. The positive con- 
trols varied between 700 and 3,700 c.p.m. with EBV and 2,200 
to 2,600 with PHA. A culture not treated with virus is shown 
in the left column. 


cells to proliferate logarithmically even when the cellular 
DNA synthetic system is intact. 

The nature of inhibition of DNA synthesis by PAA after 
EBV infection was studied further by adding the inhibitor 
to different cultures at various times after the virus. The 
rate of DNA synthesis was measured 9d after infection. 
PAA was effective when added up to 3d after infection 
but thereafter effectiveness decreased (Fig. 3). The effective- 
ness Of PAA when added many hours after the virus con- 
firms the observation that PAA does not act on the viral 
particle directly and implies also that it does not affect 
penetration of the cell by the virus. The decrease in 
effectiveness of PAA could have been a result of its slow 
incorporation; it took about 5d to reach effective levels. 
This was ruled out, however, by the observation that the 
decrease in sensitivity occurred at the same time whether 
the cells were collected for assay 7 or 9d after infection. 

The decrease in the sensitivity of EBV-stimulated DNA 
synthesis to PAA is specific, as shown when PAA at 
200 ug ml~' was added to cultures 0.5 or 4.5 d after infection 
with EBV or stimulation with PHA (Fig. 4). There was 
little change in the sensitivity of PHA-stimulated cellular 
DNA synthesis with various times of addition, synthesis 
being inhibited by 20-30% in both cases, perhaps because of 
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3H -thymidine incorporation (c.p.m. x 107°) 
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Fig. 5 Time course of DNA synthesis in lymphocytes infected 
with EBV. Parallel cultures of uninfected and virus-infected (by 
additions of supernatant solution from a culture of B95-8 cells 
diluted 1:10) cells were set up in triplicate at various times. 
Thereafter, the rate of DNA synthesis was assayed as before, 
except the cells were pulsed for 4h. The specific rate of DNA 
synthesis was calculated by subtracting the value measured for 
the uninfected cultures from that obtained with the infected cul- 
tures. For full experimental details, see legend to Fig. I. 


inhibition of a host DNA polymerase which is reported to 
be sensitive to PAA (J. Liversidge and W. Benz, personal 
communication). The EBV-stimulated DNA synthesis was 
completely inhibited when PAA was added early after 
infection but only about 50% inhibited when added at 4.5 d. 

The most likely explanation of these results is that there 
is a process which is sensitive to PAA and is required for 
the initiation of cellular proliferation. This process occurs 
during the first 3-4 d after infection, at which time cellular 
DNA synthesis begins and apparent PAA sensitivity 
decreases. This hypothesis is supported by the observation 
that a considerable increase in cellular DNA synthesis 
occurs at 3-4d after EBV infection (Fig. 5), precisely the 
time after which addition of PAA is no longer effective in 
inhibiting transformation. 

In conclusion, the data presented here indicate the 
existence of a PAA-sensitive event, which is necessary for 
transformation and unlimited proliferation of normal 
peripheral B lymphocytes. PAA does not, however, act 
directly on the virion nor does it block penetration of the 
cell by the virus or the subsequent expression of EBNA. 
It is known that cell lines produced by in vitro infection 
with EBV contain 10-15 copies of the viral genome per 
cell’. It seems likely therefore that some amplification of 
the viral genome occurs after infection. This amplification 
must cease after a short time and the viral genome number 
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Table 1 Effect of PAA on induction of EBNA in normal peripheral 
B lymphocytes and EA in the Raji lymphoblastoid cell line 


(PAA) pg mim 
100 


no virus 0 200 
EBNA -- ve cells — + ND + 
%7 EA -+ ve cells* <0.25 5.1 5.8 4.8 


FF nO TT Near ATAO AATA 


To measure EBNA induction, 5x 10&-10x 108 B lymphocytes 
were infected with B95-8 virus in the usual way (see legend to Fig. 1); 
3-4 d later the cells were collected and stained for EBNA by the 
anticomplement immunofluorescent technique’. EA induction by 
P3HR-1 EBV in the Raji cell line was tested as described by Klein 
et al. Anti-EA antisera for the direct fluorescence test were pro- 
vided by Dr G. Klein. 

* Average of duplicates, about 2,000 cells each were counted. 

ND, Not done; +, the same level of positive cells as in the control, 
approximately 5%. 


is then kept constant—it replicates with the cellular DNA. 
The amplification may conceivably be a prerequisite for 
integration of one or more EBV genomes into the cellular 
DNA synthetic system, functionally and perhaps also 
physically. Alternatively, replication could be required 
simply for the transcription and translation of one or more 
genes required for transformation. 

If a PAA-sensitive, virally induced DNA polymerase 
(by analogy with herpes simplex’ and the Marek’s disease’ 
DNA polymerase) is required for gene amplification before 
integration, then it follows that viral DNA synthesis is 
required for true cellular proliferation. At the simplest 
level, the single cell infected with EBV in the presence of 
PAA may be transformed, able to express EBNA and to 
divide indefinitely. It carries only one non-replicating copy 
of the viral genome, however, and therefore can generate 
only one daughter cell carrying and expressing the viral 
genome and able to divide. Thus, cultures infected with 
EBV in the presence of PAA may contain transformed and 
dividing cells, but the cell number per culture would 
not increase exponentially and inhibition of proliferation 
would be observed. 

Davp THORLEY-LAWSON 
Jack L. STROMINGER 
Sidney Farber Cancer Institute, 
Harvard Medical School, 
Boston, Massachusetts 02115 
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Complement-dependent adherence 
of mast cells to schistosomula 


Mast cells are thought to have a major role in the host response 
to parasitic helminths. Infection with these organisms is often 
accompanied by anaphylactic hypersensitivity and mast cell 
infiltration?. In several experimental models, host resistance to 
helminth infection has been shown to be dramatically suppressed 
as a result of mast cell depletion?. For example, after injection 
with reserpine, laboratory mice are unable to mount a cutaneous 
inflammatory response against Schistosoma mansoni (ASS., 
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P. W. Askenase, S. McIntyre and F. von Lichtenberg, un- 
published) and after pretreatment with compound 48/80 can 
no longer immunologically reject challenge infections of this 
parasite*. Interactions between mast cells and helminths have 
generally been attributed to soluble antigens released into 
tissue fluids. Described here is a series of in vitro experiments 
with schistosomula of S. mansoni which demonstrates that mast 
cells are also capable of reacting directly with parasite surfaces. 
This interaction appears to depend on the recognition of 
parasite-bound complement by receptors on the mast-cell 
membrane. 

Schistosomula were prepared by allowing S. mansoni cercariae 
to penetrate rat skin in vitro”, and were stored overnight at 4 °C 
before use*. Mast cells were purified from peritoneal washouts 
of uninfected male Charles River CD (Caesarean derived) rats 
(175-300 g) by centrifugation over Metrizamide (22.5°/)°. The 
cells recovered from the pellet fraction were routinely found to 
contain a minimum of 90% mast cells as determined by 
toluidine-blue staining. Both schistosomula and mast cells 
were washed three times in HEPES-buffered Hanks’ minimal 
essential medium (MEM) containing 1° heat-inactivated 
foetal calf serum (FCS) and resuspended in MEM containing 
10% FCS (MEM/FCS). A serum pool obtained from CD rats 
8 weeks after a primary infection? of 1,500 cercariae each was 
used as a source of anti-schistosome antibody. The immune 
serum was diluted in MEM/FCS and used in the assay at a 
final concentration of 1/20. The adherence test was carried out 





Fig. 1 Photomicrograph ( «216 magnification) of a typical 
schistosomulum after incubation with fresh immune rat serum 
and purified rat mast cells. 


in glass tubes (6 x 50 mm) containing the following sequential 
additions: 0.1 ml of schistosomula (90-110 organisms), 0.1 ml 
of diluted immune serum, 0.1 ml of diluted normal rat serum 
(complement source), and 0.1 of mast cells (2> 10°-4 x 105 
total cells). After incubation at 37 °C for 90 min, the supernatant 
was withdrawn from each tube and the cell- parasite sediment 
resuspended in 0.1 ml of MEM/FCS containing 0,01 ° 
toluidine-blue. The parasites were then examined microscopi- 
cally at 80 times magnification for adhering mast cells. 
Organisms with more than five adherent cells were scored as 
positive. Each result is the average of readings on replicate 
assay tubes scored independently by two different observers. 
Schistosomula incubated with fresh immune rat serum 
formed ‘rosettes’ with the purified mast cells (Fig. 1), each 
positive organisms having a coat of about 20-100 adherent, 
toluidine-blue-positive cells. Approximately 90°, (Table 1) of 
the larvae in the incubation mixture reacted in this fashion. In 
contrast, few if any mast cells adhered to schistosomula 
incubated in heat-inactivated (2 h, 56°C) immune serum 
(Table 1). The addition of fresh normal rat serum to the heat- 
treated immune serum restored its full activity, an observation 
which suggested that the heat-labile factor was complement 
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Table 1 Adherence of rat mast cells to schistosomula in the presence 
of rat sera 








Mast cell 


Immune rat serum Normal rat serum coated organisms 


Fresh None R9 
Inactive None 14 
Inactive Fresh (1/20) 93 
Inactive Fresh (1/40) g0 
Inactive Fresh (1/80) 33 
Inactive I h, 56 °C (1/20) 21] 
Inactive 30 min, 50 °C (1/20) 32 
Inactive Fresh (1/20)+ EDTA 

(Sx 10-3 M) 3 
Inactive Fresh (1/20)+ EGTA 

(5 «10-3 M) R9 
Inactive Fresh (1/20) + Cobra factor 35 
Inactive + Zymosan, | h, 37 °C (1/20) 8 
Inactive + Zymosan, 2 h, 17 °C (1/20) 20 
None Fresh (1/20)—Pool A 46 
None Fresh (1/20)—Pool B 85 
None *Preincubation in Pool B 

(1/20) RS 
None *Preincubation in Pool B 

(1/20)4+-EDTA (5 x 10 M) R 
None None | 


aaae 
*Schistosomula preincubated with rat serum (l h, 37°C) and 
washed three times (with MEM/FCS) before addition of mast cells. 


rather than antibody. This hypothesis was supported by a series 
of experiments (Table 1) in which the adherence-promoting 
activity of fresh normal rat serum was shown to be partially or 
completely abolished by the following treatments known to 
inactivate complement?:*: (1) heating for 1 h at 56 °C; (2) pre- 
incubation with either zymosan (15 mg ml~' serum) or cobra 
venom factor (200 U mi~ serum) for 1 h, at 37°C: (3) the 
addition of EDTA (5 x 10-* M) to the cultures. The dependence 
of the adherence reaction on the alternate pathway of com- 
plement*:'® was suggested by the failure of EGTA (5 x 10-3 M)" 
to inhibit rosetting and by the reduction in activity observed 
after heating the normal serum at 50 °C for 30 min (ref. 9) or 
pretreating it with zymosan at low temperature (2 h, 17 °C)’, 
Schistosomula incubated in normal rat serum without immune 
serum as an antibody source were also found to bind mast 





Fig. 2 Photomicrograph ( « 224) of a typical schistosomulum, 
preincubated with normal rat serum (Pool B), washed three 
times in MEM/FCS and stained with fluorescein-labelled rabbit 
antibody specifiic for rat C3 (from Cappel Laboratories), No 
evidence of staining was observed when the same Organisms were 
treated with fluorescein-labelled rabbit antibody (Cappel) 
produced against rat IgG but cross reactive with rat immuno- 
globulins of other classes. In contrast. schistosomula preincubated 
with immune rat serum stained brightly (as above) with the same 
anti-immunoglobulin reagent, 
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cells, different serum pools inducing different levels of adherence 
(Table 1). After preincubation with normal rat serum (1 h, 
37 °C) and extensive washing (with MEM/FCS), schistosomula 
remained highly reactive with mast cells. The activity of normal 
serum in promoting adherence did not seem to be due to the 
presence of ‘natural antibodies’ with specificity for schistosome 
surface antigens since membrane-bound rat antibodies were 
not detected on worms pretreated with normal serum by means 
of immunofluorescent staining with fluorescein-labelled antibody 
specific for rat immunoglobulins. In contrast the same pre- 
treated organisms stained brightly (Fig. 2) with an immuno- 
fluorescent reagent specific for rat C3. Neither C3 staining nor 
mast-cell adherence was observed if EDTA (5 107? M) was 
added to the normal rat serum in the preincubation mixture. 

These results suggest that the adherence of mast cells to 
schistosomula is dependent on the recognition of parasite-bound 
complement by receptors on the mast cell surface. Complement 
in a form suitable for recognition by mast cells is acquired by 
the worms either as a consequence of the reaction of antibody 
at the parasite’s surface or, in the absence of antibody, by direct 
fixation. Previous studies have indicated that cercariae of S. 
mansoni possess an alternative pathway-dependent complement 
(C3)-activating system’*. The retention by schitosomsula of a 
similar complement-activating mechanism after conversion 
from the cercarial stage of the life cycle would explain their 
behaviour in the experiments reported here. 

An important question raised by the mast cell—schisto- 
somulum adherence phenomenon concerns the nature of the 
receptors on the mast-cell surface involved in the recognition of 
the parasite-complement complex. Rat mast cells have been 
shown to respond to the anaphylatoxins, C3a and C5a?3. Since 
both complement fragments are normally released in the fluid 
phase and are extremely labile?’ it is unlikely that the adherence 
reaction involves receptors for these molecules. An alternative 
hypothesis is that mast cells, in common with platelets, primate 
erythrocytes, neutrophils, monocytes, macrophages and B 
lymphocytes, possess receptors for surface-bound activated 
C3 (refs 14, 15) and that the mast cell-schistosomulum inter- 
action is dependent on this previously unrecognised set of 
immune adherence receptors. 

Other questions raised by the adherence phenomenon concern 
the effects of the interaction on the release of mediators from 
mast cells and on the viability of the target organisms. Experi- 
ments aimed at answering these questions are now in progress. 
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Variable Ca sensitivity of a K-selective 
channel in intact red-cell membranes 


THE membranes of many cells exhibit a K-selective permeability 
mechanism with a gating process controlled by the concentration 
of Ca?t in the cytosol’. Originally described in human red 
cells®, where its function still remains unknown, this or similar 
mechanisms? seem to mediate important physiological actions 
in other cells*~*. 

The human red blood cell remains, nevertheless, the best 
model for the study of the interaction between Ca and the K 
gating mechanism because the composition of the media on 
both sides of the membrane can be known and controlled 
better than in any other cell!’~?%, This control is achieved, 
however, by treatments which are known to alter considerably 
the Ca reactivity of Ca-transporting mechanisms“ 18, We 
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Fig. 1 Steady-state Ca content of intact red cells as a function 
of the external Ca** concentration in the presence of the divalent 
cation ionophore A23187. Red cells from fresh blood or from 
3-4-d-old bank blood were washed as described previously'® and 
then resuspended at about 10°) haematocrit in a medium con- 
taining KCI, 75 mM; Tris-HCI (pH 7.5 at 37 °C), 10 mM: NaCl, 
75 mM; MgCl, | mM; Inosine, 10 mM; 5 pCi of “Ca, and 
various concentrations of CaCl, up to about 2.5 mM. The total 
volume of suspension was 2.25 ml. At 7 = 0, 10 ul of absolute 
ethanol containing 0.05 to | mg ml ™ of the ionophore (0.1 mg 
mi~? in this experiment) were added to the suspension which was 
in a magnetically stirred polythene vial inside a waterbath at 


the suspension. At 15, 16, 16.5, 17, 18, 20, 25 and 36 min, 0.1 ml 
samples were placed in 1.5-m] Eppendorf centrifuge tubes con- 
taining 0.4 ml of n-butylphthalate (BDH, density 1.042—1.045) 
and 0.9 ml of an isotonic [Na+ K]-medium containing 5 mM 
Tris-EGTA, all at 0-1 °C. Each sample was centrifuged imme- 
diately for 10 s at 12,000g¢ in an Eppendorf centrifuge model 3200. 
The cells formed a compact pellet at the bottom, retaining only 
about 0.1 % of the original extracellular fluid as estimated using 
Ca in the presence of a large excess of EGTA. The aqueous 
supernatant remaining on top of the oil layer was removed by 
aspiration and the walls of the tube cleaned with cotton swabs. 
The cells were lysed and the proteins precipitated with 5% 
trichloroacetic acid (TCA) all in the same tube. Aliquots of the 
TCA-supernatant were used for counting both isotopes in the 
same samples. “Ca was counted after CK decay. Samples for 
total activity and haemoglobin were taken at the end of each run. 
In the media used here, the haematocrit did not change during 
the experiments and the internal K concentration remained con- 
stant over a thousandfold change in K permeability at about 
130 mmol per } cell water. The results concerning the K fluxes 
are given in Fig. 2. The Ca content of the cells was calculated as 
the mean -+2 s.e.m. of the seven time points. The slope of this 
particular curve is 5.91. The fraction of ionised Ca inside the cells, 
as calculated from this slope according to Ferreira and Lew’, 
was 0.33. This value was used to estimate the concentration of 
ionised Ca in the cytoplasm of the cells in the experiment of 
Fig. 3 and an identical pea hag applied in the experiment 
of Fig. 4. 
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Fig.2 The rate of tracer (K) equilibration in intact red cells at 
different intracellular levels of Ca?+. The tracer equilibration 
process followed first-order kinetics and was adequately described 


by the equation | 
R, = Roo(1~exp( —kr)) 


where R, and Rœ represent the activity of ?°K in identical volumes 
of cells at time 7 and at equilibrium and & is the rate constant of 
the equilibration process. This equation can be rearranged to give 


inf] —(R/ Ro = kt 


The figure is a plot of --In{1—(R,/R)] against 7 during some of 
the Ca steady states obtained in the experiment of Fig. 4 and is 
meant to illustrate the method used to calculate k. Since the 
normal volume—area ratio of the fed red cells remained unaltered 
during the present experiments, the K permeability (Px) of the 
red-cell membrane, can be calculated from k. When k = 1 ha}, 

Py will be between 1.5 x 107% and 2.1 x 107%ems 7}. The first num- 
erical value given on each curve corresponds to the Ca** concen- 
tration inside the corresponding cells (in pmol per | cell water). 


report here the surprising finding that in the intact, minimally 
disturbed red cell, Ca activates the K flux with a much lower 
affinity than that previously found in ATP-depleted red cells or 
resealed ghosts!:!*:!3, suggesting that the higher Ca sensitivity 
of these systems results from treatment-induced alterations in 
the reactivity of labile Ca-interacting sites. 

To incorporate controlled amounts of Ca inside the cells 
and to keep a known and constant level of ionised Ca during 
the measurement of the Ca-induced K flux, we used a divalent 
cation ionophore, A23187 (ref. 17), and a fast resolution 
technique for tracer flux measurements, which we developed 
recently'® to study cytoplasmic Ca buffering and Ca-pump 
parameters in intact cells. 
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Since the normal mammalian red cell is virtually free of 
Ca}, is almost impermeable to Ca’! and has a powerful 
Ca-extrusion pump in its membranet, steady states with 
variable internal Ca concentrations could be obtained only as a 
balance between active Ca extrusion and ionophore-induced 
leaks (Fig. 1). The membrane potential was held constant by a 
‘chemical clamp’ method in which the steady-state external 
concentrations of all permeable ions are in electrochemical 
equilibrium with the corresponding internal tons at a pre 
determined potential, about — 10 mV in the present experi- 
ments. At each ionophore concentration the level of mternal 
Ca was regulated by varying the Ca concentration in the 
medium, and the fraction of ionised Ca was estimated from the 
slope of the curve relating the total internal Ca to the external 
Ca** concentration when the Ca pump was saturated (see 
text of Fig. 1). The influx of K was estimated by measuring the 
rate of 4*K-tracer equilibration at constant internal Ca and 
with the total external K concentration at electrochemical 
equilibrium with the internal K (Fig. 2). In every case, singie 
exponentials were obtained with all the internal K participating 
in the equilibration process. In the absence of Ca, the ionophore 
had no effect on the Na and K permeability of the membrane. 
The entry of Ca induced a variable increase in the K flux while 
at the same time it reduced the Na efflux, presumably by 
inhibiting the Na pump’. Quinine (1 mM) in the medium 
inhibited the Ca-dependent flux in the present experiments by 
about 95%, just as it inhibited the Ca-induced increase in K 
permeability in the absence of the ionophore”. 
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Fig. 3 The rate constant of tracer (YK) equilibration as a 

function of the internal Ca®** concentration in intact red cells in 

the presence of a low ionophore concentration. The internal 

Ca** concentration and & were obtained as indicated in the legend 

of Figs | and 2 respectively, The proportion of ionophore to cells 
was about 10 pmol per | of cells. 


Figure 3 shows the variation in the rate constant of tracer 
(K) equilibration as a function of the internal concentration 
of Ca?* in intact cells exposed to a relatively low ionophore 
concentration. The apparent Km for Ca** is about 1.2 mM and 
varied in different experiments with similar ionophore concen- 
trations between 0.33 and 1.5 mM. If the ionophore concen- 
tration is increased by ten times or more, the kinetics of Ca 
activation of the K permeability are completely different 
(Fig. 4) and approach the pattern previously observed in 
metabolically depleted resealed ghosts'*. In ATP-depleted 
intact cells!? we always obtained high Ca affinity-tvpe curves, 
whatever the ionophore concentration, but in such cells the 
maximum increase in K permeability was only half that of the 
same cells before depletion. All these different patterns were 
consistently reproducible. 

The variation in Ca sensitivity cannot be attributed to Mg?+ 
since the distribution of this ion at equilibrium must have been 
the same in all the experiments. To investigate whether the high 
and low Ca affinity patterns were related to the ATP content 
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of the cells, we measured the intracellular levels of ATP in the 
various conditions in which we tested the Ca effect on the 
K fluxes. The addition of ionophore in the absence of Ca 
slightly increased the ATP content of the cells in a manner 
reminiscent of the effect of propranolol. The additional 
presence of Ca stimulated ATP hydrolysis through the Ca 
pump and induced a rapid fall in ATP from I mM to about 
0.55 mM followed by a slower decline, presumably because of 
the buffering effect of membrane-bound adenylate kinase. These 
effects were independent of the ionophore concentration, which 
makes ATP alone an unlikely source of the different kinetic 
patterns observed in the intact cells. It is also unlikely that the 
variable Ca sensitivity of the K permeability system results 
from a non-homogeneous distribution of Ca within the cell 
since the K fluxes we report here were measured simultaneously 
in the same cells (see legend to Fig. 1 in ref. 18) where we had 
previously determined a constant Km of luM for the Ca 
activation of the Ca pump at all ionophore concentrations. 

We also investigated the effect of ionophore removal on the 
Ca-dependent K flux. This we could only try in intact red cells 
loaced with Ca if the Ca pump were inhibited, and for this 
reason we first depleted the cells of Mg, a necessary internal 
cofactor for Ca extrusion?'!. Mg extraction and Ca loading 
were performed in succession by preincubating the cells in the 
presence of ionophore (10 umol per | cells) first in a medium 
containing 2mM EDTA and no Ca or Mg and then in Ca- 
containing media in the absence of Mg and chelator. The 
ionophore was then removed by washing the cells eight times 
in Ca-free ice-cold solutions at low haematocrits (about 1%). 
This simple procedure restored the normal Ca impermeability 
of the intact cell and, with the Ca pump arrested, the cells 
remained effectively resealed to Ca, losing only about 25% 
of their original Ca content during the initial washes. These 
cells also showed a high Ca affinity pattern similar to that of 
the intact cells at high ionophore concentrations shown in 
Fig. 4. 

The low Ca affinity pattern shown in Fig. 3 has never been 
observed before. Since the cells were disturbed least in these 
conditions we feel that the low affinity response is closer to the 
behaviour of the normal system. The high affinity pattern would 
then correspond to an altered reactivity to internal Ca which 
may or may not occur in the normal cell depending on whether 
the Ca sensitivity of the K permeability mechanism is or is not 
subject to control by cellular regulatory mechanisms. Since 
the maximum increase in K permeability induced by Ca is more 
than three orders of magnitude larger than the “ground” K 
permeability of the intact red cell, an increase in Ca,** even 
in the micromolar range”, may suffice to produce a 
functionally significant increase in K permeability. A relatively 


Fig. 4 The rate of ®?K equilibration as a function of the internal 

Ca?* concentration in intact red cells in the presence of a high 

ionophore concentration. The concentration of ionophore used 

in this experiment was | mg mi~ in the ethanol phase. This is 

equivalent to a proportion of ionophore to cells of about 100 
umol per | of cells. 
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small effect could thus account for the Ca-induced hyper- 
polarisation observed in amphiuma red cells** and perhaps 
also in other cells®*, 

The heterogeneous behaviour of ATP-depleted red cell 
populations in relation to the Ca-induced K flux!®?? can now 
be interpreted as resulting from a variable Ca affinity of the 
K gate. This revives the old controversy’? about whether the 
depleting procedure accumulates? or removes*® metabolites 
which control the K permeability of red-cell membranes, but 
now it can be reformulated more precisely in terms of the 
control of the Ca sensitivity of the K-gating mechanism. 

Since many of the conditions in which the effect of internal 
Ca on the K permeability is obtained resemble those in which 
1,2-diacylglycerol accumulates in the red-cell membrane, as 
recently shown by Allan and Michell®’, we feel tempted to 
suggest the possibility that 1,2-diacylglycerol, or a similar 
metabolite, mediates the Ca effects on the K channel. According 
to Allan and Michell, the rate of formation of this substance 
depends on the internal Ca*+ concentration, whereas the fast 
conversion to an inactive phosphatide, by the action of a 
diacylglycerol kinase, would depend on the intracellular level 
of ATP. If the Ca effect on the K permeability depends on the 
level of a certain intermediate, the different Ca sensitivities 
observed in the present experiments may merely reflect the 
variation in the relative rates of formation and breakdown of 
this intermediate in the different conditions. 

We thank the Wellcome Trust and the Gulbenkian Foun- 
dation for funds, Mrs J. Gray for technical assistance and 
Professor I. M. Glynn for reading our manuscript. 
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Stereospecificity of interaction of 
neuroleptic drugs with neurotransmitters 


and correlation with clinical potency 
THe molecular mechanism responsible for the therapeutic 
activity of a drug is often suggested by the biochemical event 
which correlates best with clinical potency. Thus, if optical or 
geometrical isomers of a drug have markedly different clinical 
potencies, the most relevant biochemical effect should also 
exhibit isomeric specificity. 

While numerous biochemical mechanisms have been proposed 
to explain the antischizophrenic action of neuroleptics, the 
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ability of these drugs to antagonise behavioural effects of 
apomorphine and amphetamine in animals correlates best with 
clinical potency’. Since apomorphine and amphetamine- 
induced behaviours are mediated by brain catecholamines, 
especially dopamine, the neuroleptics are thought to act by 
blocking dopamine receptors in the brain. Clinical potencies 
of phenothiazine neuroleptics correlate reasonably well with 
their ability to inhibit a dopamine-sensitive adenylate cyclase 
which is presumably linked to the dopamine receptor’. 
Because pharmacologically potent butyrophenones are rela- 
tively weak inhibitors of this cyclase and show only a partial 
correlation with clinical potency’, however, it has been 
suggested that these drugs may only indirectly affect dopamine 
receptors, perhaps by blocking dopamine release’. The 
chemical similarity of butyrophenones to y-aminobutyric 
acid (GABA) suggests that these agents might in some way 
facilitate GABA transmission in the brain!. Since inhibitory 
GABA neuronal pathways may synapse on dopamine cell 
bodies, facilitation of GABA effects could reduce the firing 
rate of dopamine neurones resulting in behaviours like those 
associated with dopamine receptor blockade®. 

In both clinical and animal pharmacological screening, 
certain neuroleptics display isomeric specificity. a-Flupenthixol 
and cis-thiothixene are much more potent clinically and in 
animals than their geometrical isomers B-flupenthixol and 
trans-thiothixene respectively™®. Similarly (-+)-butaclamol is 
much more potent than its optical isomer (~ )-butaclamol?. 
The relative potencies of butaclamol, flupenthixol and thio- 
thixene isomers upon the dopamine-sensitive adenylate 
cyclase accord with their isomeric specificity in clinical studies 
and pharmacological sereens!™t, 

Using recently developed binding techniques to study 
neurotransmitter receptors directly, we have examined 
critically how reliably stereospecificity and correlations between 
clinical and biochemical effects can reveal the biochemical 
basis of neuroleptic drug action. The results suggest that 
although these criteria are valuable, they can obfuscate rather 
than clarify drug mechanisms if used incautiously. Of the 
several biochemical effects of neuroleptics, blockade of dopa- 
mine receptors best accounts for therapeutic effects of both 
butyrophenone and phenothiazine neuroleptics. 

Synaptic receptor binding studies were conducted as pre- 
viously described!* ~~”. Briefly, washed crude synaptic membrane 
or total particulate fractions of various brain regions repre- 
senting approximately 1 mg of protein were incubated in a 
buffered solution containing a low concentration of tritiated 
ligand (1-8 nM) in the presence or absence of various con- 
centrations of the drug under study. After incubation, radio- 
activity bound to the membranes was separated by filtration or 
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centrifugation, extracted into an appropriate fluor and counted 
by liquid scintillation spectrometry. The amounts bound in 
the presence and absence of the drug were compared. The 
ligands used in this study and the receptor to which each binds 
is as follows: 7H-y-aminobutyric acid (H-GABA), the GABA 
receptor!?; *H-dopamine (7H-DA and *H-haloperidol CH- 
Halo), the dopamine receptor!?4; *H-naloxone (H-Nal) 
3H-dihydromorphine (H-DHM), the opiate receptor; "H- 
dihydroalprenolol (7H-DHA), the B-adrenergic receptor"; 
8H-5-hydroxytryptamine (H-5-HT) and “H-lysergic acid 
diethylamide (H-LSD), the 5-HT receptor; *H-quin- 
uclidinyl benzilate (H-QNB), the muscarinic cholinergic 
receptor!®; and *H-strychnine (*H-Stry), the glycine receptor”, 

Receptor binding for each ligand was assayed in the brain 
region containing the highest density of receptor sites or in 
whole brain. The highest density of dopamine receptor sites is 
in the corpus striatum!?*, Binding of *H-strychnine to glycine 
is most enriched in spinal cord membranes*. Receptor binding 
for 3H-LSD, *H-5-HT and 9H-DHA is greatest in the cerebral 
cortex!®~18-2!. Although there exist regional variations. in 
opiate, GABA and muscarinic receptor binding, the character- 
istics of binding sites do not vary regionally and substantial 
activity is present in whole brain or forebrain, which were 
used for assays of these receptors}? 5719, 

Uptake of radioactive GABA by synaptosomes in nuclei-free 
sucrose homogenates of whole rat brain was assayed as 
previously described ?*. 

All radioactive agents were purchased from New England 
Nuclear, and all other substances were obtained from the 
company of origin. 

There are no marked stereospecific influences of neuroleptics 
on receptor binding for 7H-GABA, for the opiates*"H-naloxone 
and *H-dihydromorphine, for binding of *"H-strychnine to the 
glycine receptor, for the binding of *H-quinuclindiny! benzilate 
(H-QNB) to the muscarinic cholinergic receptors or for 
3H-dihydroalprenolol CH-DHA) binding to the -noradren- 
aline receptor (Table 1). In contrast, the neuroleptic isomers are 
extremely potent in competing for “H-haloperidol binding to 
the dopamine receptor and display striking stereospecificity. 
(+-)-Butaclamol reduces *H-haloperidol binding 50°; at 1 nM 
and is more than 1,000 times as potent as (— }-butaclamol.in 
eliciting this effect. o-Flupenthixol inhibits *®H-haloperida!l 
binding 50° at 2 nM and is 50 times as potent as §-flupenthixol, 
while cis-thiothixene is 100 times more potent than iranse 
thiothixene in competing for *H-haloperidol binding. These 
neuroleptics also demonstrate stereospecificity with respect to 
SH-dopamine binding, although they are less potent in com- 
peting with this ligand. Thus, while (+ )-butaclarnol is less than 
1% as potent in inhibiting *H-dopamine as *H-haloperidol 








Table 1 Displacement of various receptor ligands by neuroleptic isomers 





Compound 3H-DHA? 3?H-5-HT® #H-LSD* 3H-DA‘ 
(+)-Butaclamol N.e.t 1.0 0.05 0.1 
(—)-Butaclamol N.e. 8.0 7.0 16.0 
o-Flupenthixol Ne. 4.0 0.10 . 0.2 
ßB-Flupenthixol Nee. 60.0 6.0 10.0 
cis-Thiothixene 80 1.0 0.3 0.7 
trans-Thiothixene 80 7.0 1.0 19.0 


uena rannan a anaia dEUS MEAN 


IC; (uM)" ee eee eee 
9H-Halo® =H-QNB! °H-Stry* “H-Nal" #H-DHM' "H-GABA! 


0.001 100 Ne. 18 17 Ne. 
i 40 Nie, 20 7 Nae 
0.002 0.7 N.e, 33 106 100 
0.10 0.9 N.e. 50 100 Ng. 
0.003 3.2 50 15 30 30 
0.30 2.8 


50 i aa 50 





*Concentration which inhibits ligand binding 50 °%. 
TNo effect at 100 uM. 


Four to six concentrations of each drug were evaluated in triplicate to obtain IC;, values, Data are the mean of 2-4 determinations which 


varied less than 20%. 
“Rat cerebral cortex membranes, 7H-DHA = 1 nM. 
"Rat cerebral cortex membranes, 7H-5-HT = 7 nM. 
“Rat cerebral cortex membranes, 3H-LSD = 3 nM. 
“Calf striatal membranes, °H- DA = 5nM. 
*Calf striatal membranes, 7H-Halo = 2 nM. 
fRat an homogenate, IONE- | nM. 


iRat brain et membranes, 3H-GABA = 8 nM. 
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Table 2 Inhibition of GABA uptake into rat brain synaptosomes by 


neuroleptic drugs 
Average clinical 
daily doset 
Compound ICs (uM)* (nmol kg) 
Butyrophenones 
Fluspinilene 3 0.066 
Pimozide 10 0.108 
Clofuperol 15 0.077 
Benperidol 30 0.060 
Bromoperidol 30 0.153 
Spiropendol 40 0 058 
Penfluridol 60 0.466 
Trifftupendol 65 0.096 
Haloperidol 75 0.152 
Moperone 100 0 802 
Droperidol 200 — 
uanisone 500 3.44 
Azaperone 600 — 
Pi rone 1,000 11.10 
Phenothiazines and related agents 
Trifluoperazine 17 0 297 
Fluphenazine 18 0.168 
Triflupromazine 20 4.59 
Chlorpromazine 21 12.00 
Promazine 30 33.00 
a-Flupenthixol 35 0.099 
B-Flupenthixol 35 — 
cis-Thiothxene 38 0.393 
trans-Thiothixene 45 o — 


*Concentrations which inhibit 50%. 

tFor clinical potencies, the midpoint values of daily dose ranges**-*1 
were meaned and converted to mol kg ~ assuming a human weight 
of 70 kg. 

Six concentrations of each drug were evaluated in triplicate to obtain 


ICs values. Data are the mean of three determinations which varied 
less than 15%. 


binding, it is 160 times more potent than (—}butaclamol in 
competing for *H-dopamine binding. Similarly a-flupenthixol 
and ci/s-thiothixene are less than 1% as potent in inhibiting 
7H-dopamine as *H-haloperidol binding yet they still display 
stereospecificity with respect to their corresponding isomers. 
Interestingly flupenthixol and thiothixene are just as potent in 
competing for *H-QNB as for ?3H-dopamine binding, but they 
display no stereospecificity in inhibiting 73H-QNB binding. 

Relative potencies of numerous neuroleptics as inhibitors of 
7H-haloperidol binding to the dopamine receptor correlate well 
with clinical efficacy“:?3*™, There is, however, a much weaker 
correlation of neuroleptic clinical and pharmacological 
potency with *H-dopamine binding, in spite of the fact that 
both dopamine and haloperidol presumably interact with the 
same receptor. The differences between interactions of *H- 
haloperidol and *H-dopamine with the dopamine receptor 
seem to stem from their labelling two different states of the 
dopamine receptor. Agonists are much more potent in com- 
peting for 7H-dopamine than #H-haloperidol binding. Con- 
versely, antagonists have substantially higher affinity for halo- 
peridol than dopamine-binding sites. Thus dopamine and 
haloperidol respectively label discrete “agonist” and ‘‘anta- 
gonist” states of the dopamine receptor. This two-state model 
for the dopamine receptor accords with data supporting such 
a model for the 5-HT, a-noradrenergic and opiate receptors*™. 
One would expect pharmacological activities of antagonists to 
be related better to their affinities for antagonist than agonist 
states of the receptor, which explains the better correlation of 
neuroleptic clinical activity with affinity for haloperidol than 
for dopamine binding’. 

The binding of 73H-LSD and 3H-5-HT 1s also inhibited 
stereospecifically and with considerable potency by these 
neuroleptics. The neuroleptics display about the same potency 
in inhibiting 3H-LSD as #H-dopamine binding as well as a 
similar degree of stereospecificity. Thus (+}butaclamol is 
140 times as potent as (—)}butaclamol in lowering *H-LSD 
binding and is about 160 times as potent as the (—)}-isomer in 
lowering *H-DHA binding. The neuroleptics are somewhat less 
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potent in lowering the binding of *H-5-HT, but still display a 
degree of stereospecificity. The potencies of these neuroleptics 
in inhibiting *H-dopamine and ?H-LSD binding are similar to 
their potencies as inhibitors of the dopamine-sensitive adenylate 
cyclase™?. In spite of these stereospecific effects, blockade of 
5-HT receptors is probably not a major source of neuroleptic 
clinical efficacy, because relative influences of an extensive 
series of these drugs on 7H-LSD binding do not correlate with 
clinical potency’. 

Since the chemical structure of butyrophenones resembles 
that of the inhibitory neurotransmitter GABAI, it was also of 
interest to evaluate the influence of butyrophenones on GABA 
uptake by synaptosome-enriched brain homogenates. In this 
type of tissue preparation 7H-GABA is accumulated primarily 
by nerve terminals™:*’. The butyrophenones examined are all 
capable of inhibiting 7H~-GABA uptake (Table 2). The most 
potent, fluspirilene, reduces uptake 50% at 3 uM, simular to its 
potency in inhibiting *#H-dopamine binding and in inhibiting the 
dopamine-sensitive adenylate cyclase’ *. There is a several 
hundredfold variation in the relative potencies of the butyro- 
phenones in reducing GABA uptake, and these variations 
correlate well with the relative clinical potencies of the drugs 
(r = 0.86, P < 0.001). If inhibition of GABA uptake were a 
common mechanism whereby therapeutic effects of all neuro- 
leptics were elicited, then the phenothiazines and related agents 
should also show a similar correlation between inhibition of 
GABA uptake and clinical potency. We detect no correlation, 
however, between the influence of these agents on GABA 
uptake and their clinical effects. The very potent neuroleptic 
a-flupenthixol is no more effective in reducing GABA uptake 
than the weak neuroleptic promazine. Similarly, the potent 
neuroleptic fluphenazine has about the same potency as the 
moderately effective neuroleptic chloropromazine. 

The most striking finding indicating that the pharmacological 
activity of neuroleptics related to phenothiazine cannot be 
attributed to influences on GABA uptake derives from experi- 
ments with stereoisomers. No difference is apparent in the 
potencies of a-and B-flupenthixol in competing for GABA 
uptake in spite of the fact that essentially all the pharma- 
cological activity resides in the a-isomer with B-flupenthixol 
being essentially inactive". Similarly, the cis- and frans-isomers 
of thiothixene have the same affinities for GABA uptake 
sites, though only cis-thiothixene has clinical and pharma- 
cological activity’. 

It could be argued that the correlation between relative 
potencies of butyrophenones in inhibiting GABA uptake and 
their clinical potencies indicates that the therapeutic actions 
of butyrophenones may be mediated at least in part by inhibition 
of GABA uptake. Since uptake of GABA into nerve terminals 
is thought to inactivate synaptically released GABA, such an 
effect would potentiate the synaptic effects of GABA, which in 
turn could inhibit the firing of dopamine neurones Similarly 
inhibition of opiate receptor binding by butyrophenones but 
not, by phenothiazines correlates well with clinical antischizo- 
phrenic activity (r= 0.78, P < 0.01 with no added Nat; 
r= 0.61, P < 0.05 with 100 mM Nat)?*. There is also some 
correlation between antipsychotic potencies of neuroleptics 
and inhibition of dopamine release®. Before the identification 
of *H-haloperidol binding to dopamine receptor sites“ 1> 
these formulations might have represented plausible mechanisms 
for clinical effects of butyrophenones if not of phenothiazines. 
But since the butyrophenones are about 100-1,000 times more 
potent in competing for ?H-haloperidol binding to dopamine 
receptor sites than in reducing GABA uptake, opiate binding 
or dopamine release and since inhibition of haloperidol binding 
predicts phenothiazine as well as butyrophenone activities, a 
more parsimonious explanation attributes clinical actions of 
both butyrophenones and phenothiazines to blockade of 
dopamine receptors!* 2> H, 

The correlation between the influences of these drugs on 
°H-GABA uptake and clinical potencies emphasises the 
difficulties inherent in evaluating correlations between bio- 
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chemical and clinical effects of drugs. Similarly, one should 
be circumspect about concluding that stereospecificity of 
biochemical effects “proves” that one is dealing with the 
pharmacologically relevant site of a drug’s action. Thus, if a 
given behavioural effect in animals is elicited more by (+ )- 
butaclamol than by ( — )-butaclamol, it should not automatically 
be assumed that the behaviour is dopamine mediated, since the 
drug effect might also involve 5-HT receptors. 
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Transmitter metabolism in 
substantia nigra after inhibition of 
dopaminergic neurones by butyrolactone 


DOPAMINERGIC nigrostriatal neurones have recently been 
found to contain dopamine (DA) also in their dendrites'. 
Certain observations suggest a release of transmitter from 
these dendrites: depolarisation by potassium ions induces a 
release of ‘H-DA from incubated tissue Slices of rat 
substantia nigra’, and stimulation of the median forebrain 
bundle increases 3,4-dihydroxyphenylacetic acid, a major 
metabolic of DA’, in the mesencephalic region containing 
dopaminergic cell bodies and dendrites‘, as well as in 
caudate-putamen, the terminal area. These similarities 
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between terminal and somato-dendritic areas point to a 
similar regulation of DA metabolism and an active role of 
DA in both parts of the neurone. We have studied this 
question in a situation where the dopaminergic neurones 
are inhibited. y-Butyrolactone (GBL) applied systemically, 
strongly reduces unit activity of the dopaminergic neurones 
in zona compacta of substantia nigra’. Under these condi- 
tions, the changes observed in the somato—dendritic complex 
differed markedly from those reported for the terminal 
area”, 

In male rats (200-300g) of a random-bred SIV 
(Sprague-Dawley-Ivanovas) strain, the somato-dendritic 
complex was analysed as a whole with biochemical tech- 
niques, while DA nerve cell bodies were studied by histo- 
chemical microfluorimetry’. For biochemical analyses the 
brains were quickly removed after decapitation, placed on 
dry ice and covered with carbon dioxide snow. Standardised 
tissue cylinders (about 1 mg) from substantia nigra were 
obtained as described in Fig. 1'*. These cylinders contained 
the medial two thirds of zona compacta and small amounts 
of tissue from zona reticulata and lemniscus medialis. 
Their localisation corresponds to the area of highest 
dendritic density’ and to the highest DA concentration in 
substantia nigra (F. Hefti and W. Lichtensteiger, un- 
published). DA concentration was determined in individual 
tissue cylinders with an enzymatic—isotopic method’. The 
tate of DA synthesis was assessed by measuring accumula- 
tion of dopa after inhibition of dopa-decarboxylase with 
3-hydroxybenzylhydrazine (NSD 1015, Sandev) with a 
newly developed enzymatic-isotopic assay“. In these con- 
ditions dopa accumulated linearly in substantia nigra 
cylinders up to 60 min (ref. 16). 

Both inhibition of dopaminergic cells by GBL"** and 
interruption of impulse flow by axotomy™'™™ have been 
found to lead to an increase in the concentration of 
dopamine in caudate-putamen. After a single injection of 
750 mg kg"' of GBL. DA concentration was greatly in- 
creased between 15 and 150 min (ref. 8). We could confirm 





Fig. 1 Localisation of standardised tissue cylinders in substantia 
nigra. From frozen brain, a l-mm thick frontal slice was sectioned 
extending anteroposteriorly from level A 1400 to level A 2400 
according to the atlas of Koenig and Klippel®®. A cylinder of 
1-mm diameter was punched out on each side. The figure shows 
the histological control of such a slice fixed after punching 
(Toluidine blue staining), c, Zona compacta: r, zona reticulata of 
substantia nigra; Im, lemniscus medialis; cc, crus cerebri. 
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Fig. 2 Effect of y-butyrolactone (GBL) on DA concentration 
(hatched bars) and dopa accumulated in substantia nigra 30 min 
after injection of the dopa-decarboxylase inhibitor NSD 1015 
(100 mg kg™! intraperitoneally; solid bars). Open bars represent 
saline injected controls. (Mean +s.e.m.; n — 9-10; *P<0.025; 
**P < 0.005). Concentration of DA and dopa were based on 
protein content of tissue cylinders*'. Mean +s.e.m. of DA 
control levels was 15.0 + 1.1 ng per mg protein, mean of dopa 
accumulated in 30 min was 8.3 +0.8 ng per mg protein in control 
animals. 


this effect in rats (at 60 min) and observed a comparable 
change in mice (at 10 and 90 min; unpublished). In contrast 
to this the DA concentration in substantia nigra was not 
raised after 35 and 60 min; there was even a reduction after 
15 min (Fig. 2). The quantitative histochemical investigation 
of DA perikarya in zona compacta of substantia nigra 
revealed no changes in fluorescence intensity in male rats 
60 min after GBL, while intensity tended to decrease in 
male mice at 10 min and 90 min after drug administration 
(Table 1). This is again at variance with the response of 
DA terminals, where GBL elicits a marked rise in 
fluorescence intensity’’’’. 

Also with regard to DA synthesis, our observations on 
the somato-dendritic area (Fig. 2) contrast with the findings 
in the terminal region’. In substantia nigra, dopa 
accumulation remained about 40% below control level at 





Table 1 Fluorescence intensity of dopamine-containing nerve cells 
in zona compacta of substantia nigra* 
Mean + s.d. of 
logarithmically 
Mean relative transformed intensity 
fluorescence distribution Cell count 
Treatment intensity? (natural log) (No. of animals) 
Male rats 
Saline, 60 min 60,58 4.044 + 0.3602 779 (5) 
GBL 
750 mg kg~, 
60 min 62.44 4.063 +0.3842 762 (5) 
Male mice 
Saline, 10 min 51.32 3.861 +.0.4150 749 (5) 
Saline, 40 min 52.47 3.866 + 0.4548 803 (5) 
GBL 
375 mg kg", 
10 min 48.42 3.790 +0.4515t 782 (5) 
GBL 
375 mg kg“, 
90 min 48.11 3.755 +.0.5382t 781 (5) 





*The nigral DA neurone group was investigated in 8 frontal 7-um 
sections (distance between sections = 35 um), Twenty neighbouring 
cells were measured in each section, starting at the dorsolateral 
corner of zona compacta (for further details, compare refs 13 and 
22). The experiments on mice were performed in the course of a 
study on morphine action; controls are taken from that study**. 

*Mean relative intensity in per cent of noradrenaline standard. 
For statistical analysis, the values of individual cells were logarith- 
mically transformed. Mean values were compared according to 
Scheffé’s method of linear contrasts’. 

tDifferent from both saline controls for P < 0.05. 
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35 and 60 min, whereas the amount of dopa accumulated in 
caudate-putamen has been shown to be more than doubled 
35 min after GBL and to be again at control levels after 
90 min”. 

Since the decarboxylase inhibitor NSD1015 was reported 
to slightly inhibit monoamine oxidase", it could be argued 
that the absence of an increase in DA synthesis rate in 
substantia nigra might be related to effects on intraneuronal 
feedback mechanisms on tyrosine hydroxylase. The effects 
of GBL on dopa accumulation in caudate-putamen were 
studied with another inhibitor of dopa-decarboxylase, 
N'-(pi-seryl-N*-(2,3,4-trihydroxybenzyl)-hydrazine (Ro 4- 
4602) (ref. 10). In caudate-putamen, however, an increased 
accumulation of dopa was found after inhibition of impulse 
flow by axotomy also with NSDIOIS (ref. 11). Moreover. 
Walters and Roth’ have shown that prior application of an 
inhibitor of monoamine oxidase does not prevent the 
increase in dopa accumulation in caudate-putamen after 
Ro 4-4602 and GBL, only the magnitude of the effect was 
slightly reduced. Inhibition of monoamine oxidase for 
30 min did not deruce dopa accumulation after Ro 4-4602 
alone. Therefore, it seems that the discrepancies between 
substantia nigra and caudate-putamen are not related to the 
type of decarboxylase inhibitor used, but rather reflect a 
true difference between the two regions. 

Our findings indicate that somatodendritic and terminal 
areas of dopaminergic neurones differ with regard to the 
regulation of monoamine metabolism at least in some 
functional states. The relative importance of biochemical 
changes in dendrites and perikarya is as yet difficult to 
assess. A rise in dendritic DA after GBL may have been 
obscured by a fall in DA concentration of perikarya, or 
else, it may have been too small to be detected against the 
background of perikaryal DA. Our microfluorimetric data 
speak against the first possibility. Moreover, the contribu- 
tion of dendrites to nigral DA seems to be considerable, as 
DA concentration in zona reticulata, which contains mainly 
dendrites, is relatively high (4.2+0.7 ng per mg protein; 
mean +s.e.m.; n=10) as compared to zona compacta con- 
taining a mixture of perikarya and dendrites (14.9+ 1.5 ng 
per me protein: n=10). It follows from these considerations 
that the dopaminergic dendrites themselves probably 
responded to GBL in a way different from the reaction of 
terminals. 
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Technique for studying synaptic 
connections of smgle motoneurones m man 


DURING normal voluntary muscle contractions, the pattern of 
discharge of a single motoneurone is determined by the summed 
effects of an enormous variety of different types of synaptic 
input. In principle, the effect of any one of these inputs could 
be determined by constructing a histogram of the time of 
occurrence of motoneurone spikes after repeated presentation 
of a suitably controlled stimulus!:*. This procedure extracts 
from the naturally occurring spike train only those changes in 
firing time locked to the stimulus. The synaptic effect of a 
given input is thus revealed in terms of the specific contribution 
it makes to the total firing pattern of the cell. Such studies are 
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Fig. 1 a, Post-stimulus time histogram of 

the occurrence of the action potential of a a 
single motor unit in the first dorsal mteros- 

Be ee of 

the naul of the mdex finger. Stumuli delivered 
at 387! while the subject maintained an 
isometric contraction such that the unit 
fired steadily at about 8 p.p.s. 4,096 sweeps. 
Bin width 1 28 ms. Sna given at time 
zero. b, Twitch response of the same motor 
unit recorded by averaging the force of 
abduction of the index finger exerted at the 
second proximal smterphalangeal joint 
triggering the a from the motor unit 
action potential while the subject main- 
tained a contraction such that the unrt fired 
iota ges For details of method seo 
refs 3 and 4. 64 sweeps. Threshold of 

recruitment 160 g. 
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Mean firing rate 


most conveniently carried out in man where the cooperation 
of the subject is invaluable. This report describes an example 
of this approach in the study of the synaptic effects of a simple 
cutaneous input. In more general terms, the experimental 
situation described enables, for the first time, the synaptic 
connections of single motoneurones to be examined in man, 
studies previously only attempted in anaesthetised or decere- 
brate animals. 

Figure la shows the changes in probability of firing of a 
single motor unit in a hand muscle after a sharp mechanical 
tap to the tip of a fingernail. At 39 ms after the tap there is an 
increase in probability of occurrence of the motor unit action 
potential which reaches a maximum 7 ms later. This period of 
excitation is immediately followed by a period of inhibition 
during which the probability of motor unit firing reaches a 
minimum at 58 ms. This itself is terminated by another more 
pronounced and prolonged period of excitation reaching a 
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maximum at 76ms. This is followed by some rather slow 
fluctuations superimposed on a prolonged period of reduced 
probebility which eventually returns to control about 300 ms 
after the initial stimulus’. The timing of these responses suggests 
that the earliest excitation and inhibition involve spinal path- 
ways and that the later more pronounced excitation involves 
supraspinal pathways*’’. 

The possibility that these responses might be due to vibration 
transmitted to muscle receptors has been tested by anaesthe- 
tising the index finger. The responses can be abolished either 
by a 2% Lignocaine or by an ischaemic block of the digital 
nerves. Moreover, weak electrical stimulation of the digital 
nerves at two times threshold for perception gives essentially 
the same result as tapping the nail. 

The scale of the response to such a modest and limited 
stimulus, illustrates the most powerful influence that a cutaneous 
afferent volley can exert on the discharge of a motoneurone. 
During the initial inhibitory phase, the unit is almost com- 
pletely silenced. Immediately after this, the mean firing rate is 
more than doubled. It is clear that the results of experiments 
in which the response of the motor system is studied after 
sudden external disturbance must be interpreted with caution 
if any sudden displacements of the skin are involved’. 

The results of the present type of experiment gain additional 
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significance because the reflex connections of a motoneurone 
can be related to its recruitment threshold during voluntary 
muscle contraction and to the mechanical properties of the 
muscle fibres it innervates (Fig. 15). It will now be possible, in 
man, to test the applicability of the unexpected subtleties 
revealed by intracellular recording ın the synaptic connections 
of cat hind limb motor units with different mechanical 
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Voltage-dependent action of 
tetrodotoxin in mammalian cardiac muscle 


TETRODOTOXIN (TTX) in many excitable membranes selectively 
blocks the transient change in sodium conductance which 
underlies the rising phase of the action potential. Electro- 
physiological and binding studies from nerve and skeletal 
muscle’ ~’ indicate that a one-to-one binding reaction between 
toxin and Na channels with a dissociation constant of about 
state actions of TTX on the Na conductance. Cardiac muscle 
is unusual in that it shows a marked insensitivity to TTX. A 
substantial reduction in the rate of rise of action potentials in 
ventricular trabeculae and Purkinje fibres does not occur until 
a TTX concentration of about 10-6 M is reached®~®. We 
report here the results of a systematic study of the effects of 
TEX on mammalian cardiac muscle. The experiments were 
cesigned to determine whether the reported difference in 
sensitivity to TTX is an indication of basic differences in the 
TTX receptor of cardiac muscle as compared to nerve and 
skeletal muscle. Unlike any TTX effects reported in other 
tissues’, our results show a voltage dependence of TTX block. 
This suggests possible differences in the structure of the TTX 
binding site or of the Na channel itself. 

Intracellular membrane action potentials were recorded from 
guinea pig papillary muscles by conventional microelectrode 
techniques, and the maximal upstroke velocities (Fmax) of the 
action potentials were differentiated electronically. The papillary 
muscles were mounted in a single sucrose gap arrangement as 
described previously’. The sucrose gap permitted uniform 
displacement of the membrane potential in the short (< 0.8 mm) 
muscle end where action potentials were recorded. The muscles 
were stimulated with brief current pulses (5 ms; 0.3 Hz). and 
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Fig. 1 a, Concentration-response curves showing, the effects of 
TTX (log scale) on maximum upstroke velocity (Max; Mean +: 
s.e.) of the action potential in 5.4 (>=) and 10.8 (@) mM K+- 
Tyrode's. The inset is a schematic drawing of resting potential 
(Vr) and action potential (upper trace); the latter was differen- 
tiated electronically Gower trace) and the maximal upstroke 
velocity (Vinay) was measured. b, Normalised mean values of a. 
Solid lines are concentration—response curves calculated from the 
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occasionally long lasting depolarising or hyperpolarising 
constant currents were applied. Our experiments showed that 
Vaas Was linearly related to the extracellular Na concentration 
(correlation coefficient, r = 0.99), indicating that the corres- 
ponding membrane current is carried by Na ions as in other 
excitable tissues. The blocking action of TTX on V,,,, reached 
a steady state in about 5 min, and no further effect of the toxin 
was seen after continuous exposure for up to 2 h. For concen- 
tration-response curves, Vma, Measurements were typically 
made after 15 min equilibration in solutions containing toxin 
and can be considered as steady state. Continuous micro- 
electrode impalements in a single cell were routinely maintained 
throughout an experiment allowing a direct comparison of the 
effects of several toxin concentrations on a given cell at two 
membrane potentials. Membrane resting potential, V, was 
either changed by increasing the potassium concentration in 
normal Tyrode’s solution (5.4 K7*-Tyrode’s) to 10.8 mM 
(10.8 K+-Tyrode’s) or by passing constant currents across the 
sucrose gap. l 

The concentration dependence of TTX inhibition of Fmax IS 
shown in Fig. 1. The curves were fitted by assuming a first-order 
reaction between toxin and receptor. The half-maximal inhibi- 
tion of Pinay in 5.4 K+-Tyrode’s occurs at 1.4 10 M TTX. 
Doubling the potassium concentration of the Tyrode’s solution 
profoundly affects the sensitivity of the muscle to TTX. Only 
1.2x10* M TTX is required for half-maximal inhibition of 
Vinx in 10.8 K*-Tyrode’s. The high potassium solution 
depolarised the fibres from -—-89--3 mV to ~7i+3 mV 
(=s.e.). The increase in apparent affinity to TTX ts a result of 
this depolarisation and not of the increased K* concentration 
per se, since a depolarisation of similar magnitude produced 
by passing a constant current through the fibre had a similar 
effect on the TTX sensitivity. 

Vina, is an indirect and nonlinear measure of the maximal 
sodium conductance gx, (refs 3 and 10) which is actually the 
parameter directly affected by TTX binding':*°. We thought 
it possible that the depolarisation induced decrease in the control 
value of Via, (Figs 1 and 2) might change the relationship 
between V,,,, and gna (ref 10), which in turn could alter the 
apparent sensitivity to TTX. Therefore, we carried out experi- 
ments with 5.4 K+-Tyrode’s solution in which 50% of the 
Na* had been replaced with choline*. In these conditions 
Vinay is reduced by half—that is, even more than in 10.8 K*- 
Tyrode’s. There was a small, non-significant (P > 0.1) difference 
in the concentration-response curves in normal and low Na+- 
Tyrode’s which could not explain the depolarisation-induced 
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Vmax ttx = Fmax contrat (IHO + {Ka [TTXI 


ya eman ELT A? n ‘ nt = i “s a’ 

V nax controt and K,, were 167 Vs~' and 1.4 x 10 mol | in 5.4 

K*-Tyrode’s, and 109 V s~ and 1.2 x 107-8 mol Iv! in 10.8 

K*-Tyrode’s. Numbers of determinations per mean value given 
in parentheses in a. 
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increase in sensitivity to TTX. We do not yet know whether 
the measurements of Vaa, reflect directly the true binding 
behaviour of TTX to the Na channels. Studies on skeletal 
muscle, however, show that measurements of Vmax give values 
for the apparent dissociation constant of TTX which ‘agres 
within factors of 2-6 with those obtained from binding 
studiest +1, 

: The concentration—response curves in Fig. 2 were taken from 
a single papillary muscle which was treated with various TTX 
concentrations in 10.8 and 5.4 Kt+-Tyrode’s. Initially the 
preperation was superfused with 10.8 Kt+-Tyrode’s and the 
concentration of TTX was increased until V,,, was completely 
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Fig. 2 Concentration-reæponse curves of TTX on in 10.8 
(@) and 5.4 (x) mM K*t-Tyrode’s. Bata ere collected tom one 
esr hora S 


ve control values of Fma, before pore of 
preparation was bathed in 10.8 Kt-Tyrode’s 
and the TTX concentration (log scale) mecreased until Vines fell to 
i rero; 5.4 K*-Tyrode’s con 10 mol 1—1 TTX was then 
‘ applied and Pm: returned to 45% of its normal value and fell 
to zero upon further increase in the TTX concentration. b, 
in the resting potential (Vr) caused by the vanation in 

potassium concentration. 


abolished, even after increasing the stimulus strength. When 
the solution was changed to 5.4 K+-Tyrode’s containing the 
same amount of toxin that had caused a complete block of 
Fan in 10.8 K+-Tyrode’s, a rapid recovery of V,,, to about 

50% of its control value occurred, while V, hyperpolarised by 
16 mV. When the TTX concentration was increased further, 
the fibre again showed the lower sensitivity to toxin expected 
at this V,. One possible explanation of this effect is that the Na 
channels inactivated during depolarisation are protected from 
TTX binding, but become sensitive to TTX again on hyper- 
polarisation when inactivation is removed. 

We have tested this possibility by incubating non-stimulated 
muscles for 10 min with TTX (10-* M) at —85 mV where all 
Na channels are available and at — 50 mV (20 K+-Tyrode’s) 
where they are fully inactivated’!2, When the muscles were 
rapidly hyperpolarised by passing a constant current and 
stimulated from a V, of about —90 mV, the degree of inhibition 
Of Faar was slightly larger following the period of inactivation. 
This suggests that the depolarisation induced inactivation of 
the Na channels did not protect them from the TTX action. 
Therefore, we explain the result in Fig. 2 in terms of a release 
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of TTX during hyperpolarisation to —87 mV from Na channels 
which were blocked by the toxin at —71 mV. In other words, 
the hyperpolarisation partially removed the TTX block attained 
at the lower V,. This argues strongly for voltage dependence 
of TTX binding. 

Our results indicate at least two major differences between 
the action of TTX in cardiac muscle and in nerve or skeletal 
muscle. First, Fmax Of action potentials of cardiac muscle is 
three to four orders of magnitude less sensitive to the toxin. 
Second, the sensitivity of cardiac fibres to TTX is voltage 
dependent, a depolarisation of approximately 18 mV from the 
normal V, being sufficient to change the apparent affinity by 
a factor of 10. The voltage-dependent effects of TTX on cardiac 
muscle indicate to us a basic difference in the chemistry or 
configuration of the TTX receptor, or of the Na channel!?. 
Possible differences in the structure of the Na channel in 
cardiac muscle as compared with other excitable tissues are 
relevant to the mechanism of action of antiarrythmic drugs, 
which primarily affect the Na conductance system. 
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Localisation of gonadotropin-releasing 
and thyrotropin-releasing hormones 
in human brain by radioimmunoassay 
GONADOTROPIN-RELEASING hormone (GnRH) and thyrotropin- 
releasing hormone (TRH) are two hypothalamic oligopeptides 
which regulate the secretion of gonadotropins and of thyroid- 
stimulating hormone (TSH), respectively, from the anterior 
pituitary! *. It is generally accepted that these neurohormones 
are produced by nerve cells, transmitted along axons and 
stored in nerve endings; when released, they are transferred 
by way of the hypothalamo—hypophyseal portal system to the 
anterior pituitary?. Human brains of adults have been shown 
to contain GnRH and TRH activity* but quantitative measure- 
ments of these hormones are available for brains of aborted 
foetuses only*®. This report deals with the distribution of 
GnRH and TRH in the adult human brain, their possible sites of 
formation, routes of migration and sites of storage in the 
pituitary stalk. | 

The hypothalami and other brain regions were removed 
during routine autopsies carried out at the Institute of Forensic 
Medicine, Tel Aviv. The tissues were obtained from three 
22-40-yr-old females and twelve 41—95-yr-old males, most of 
them killed in road accidents. The bodies were kept for 6-48 hat 
4 °C until autopsy. The pituitary stalk and gland were dissected 





Fig. 1 Outline of the dissection of the human hypothalamus 
and pituitary stalk. Hypothalamus was dissected in the coronal 
planes to six strips (broken lines, A~F) or into 25 blocks (solid 
lines). The pituitary stalk was sectioned into eight portions 
(including the infundibular stem). Insert: mid-sagittal section of 
the human brain. AC, Anterior commissure; CF, column of 
fornix; DM, dorsomedial nucleus; HS, hypothalamic sulcus; 
IN, infundibular nucleus; INF, infundibulum of neurohypo- 
physis; IP, infundibular process of neurohypophysis; IS, 
infundibular stem of neurohypophysis; MB, mammillary body; 
MI, massa intermedia; OC, optic chiasma; ON, oculomotor 
nerve; OPN, optic nerve; PC, posterior commissure; PD, pars 
distalis of adenchypophysis; PEC, peduncle of cerebrum; PI, 
pineal body; PO, preoptic nucleus; PON, pons; PN, posterior 
nucleus; PT, pars tuberalis of adenohypophysis; PV, paraventri- 
cular nucleus; SO, supraoptic nucleus; SM, stria medullaris; 
VM, ventromedial nucleus. 


from the hypothalamus. Each brain was cut midsagittally and 
each half of the hypothalamus was sectioned in the coronal 
plane to six strips (Fig. | A-F). In four brains one half of the 
hypothalamus was sectioned into 25 blocks (Fig. 1); the 
pituitary stalk was sectioned into seven horizontal slices and 
the infundibular stem, infundibular process (posterior pituitary) 
and the pars distalis (adenochypophysis) were also collected. 
Each of the sectioned pieces was weighed, extracted and 
analysed for GnRH and TRH by radioimmunoassay as 
described previously®’. | 

In a preliminary study we have found that in the rat the 
hypothalamic content of GnRH and TRH did not change up 
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to 48 h after death. Male rats (12 per group) were killed with 
ether. In one group, the hypothalami were removed and 
extracted immediately, and the other group kept for 48h at 
4°C before removal and extraction of hypothalami. Hypo- 
with 4.0--0.3 ng 48 h later, and of TRH was 7.4 +-0.1 compared 
with 7.2 4-0.3 ng. 

The content of GnRH and of TRH in the human hypothala- 
mus were initially estimated by assaying the dissected strips 
(Fig. 1 A-F). The results are summarised in Table 1. The 
concentration of GnRH was the highest in the rostral strip 





napiren AAAA ecb int Ma Tai e A i ef Altri errr qtr Pe PURPA hs Ararat det rth 


Eana 


Smm 


Fig. 2 Localisation of GnRH (@) and of TRH (A) in the 

human hypothalamus and pituitary stalk. The outline of 

hypothalamic nuclei in the sagittal plane are shown in broken 

lines. Each dot or triangle represents a concentration of 

70-110 pg/mg tissue of the corresponding neurohormone. 
For abbreviations, see Fig. 1. 


(A), which comprises the preoptic area, and declined pro- 
gressively towards the caudal strip (F), which contained 
negligible amounts of GnRH. A different pattern of distribution 
was observed for TRH (Table 1): the highest concentration was 
found in strip C which consists of the posterior nucleus and the 
premammillary area. Radioimmunoassay of extracts derived 
from hypothalamic tissue blocks (Fig. 1), enabled us to follow 
more precisely the localisation of GnRH and TRH. GnRH 
was localised mainly in the preoptic area (Fig. 2), between the 
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Table 1 GnRH and TRH concentrations in the human brain 


GnRH 
Weight (pg per mg 
Sample (mg) tissue) 
Hypothalamus 
Strip A 72 414 130-4: 59 
C 96 +- 27+8.3 
D 105 -+-16 111.6 
E 68 45 120.6 
F 54-8 5.443 
P ituitary stalk” 41 +3 l ,430 ot 334 
Infundibular process s2 ti <2 
Pars distalis 328 4.48 <2 
Pineal body 95420 <2 
Thalamus 9} ot 12 <2? 
Cerebral cortex 10011 <2 
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TRH Total Total 
(pg per mg GnRH TRH 
tissue) (ng) (ng) 
54+-10 9.36 3.88 
73-48 6.07 7.15 
101 -+14 2.59 9.69 
69-10 1.15 7.24. 
38 4-12 0.81 2.58 
5.243 0.29 0.28 
20.27 30.82 
855-4145 58.63 34.05 
<0.5 
<0.5 


a 


oi 


i 


*Including infundibular stem. 


Each tissue sample was weighed, extracted and analysed by radioimmunoassay for GnRH and TRH content. Mean + 


© sem. for 10-15 


samples, are shown. Total amount of the hormones in hypothalamic strips (A-F) represents the content of half a hypothalamus, dissected in the 


midsagittal plane. 
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Fig. 3 Scheme of the neurovascular pathway of GnRH and 
TRH in the human brain. @, Cell bodies of TRH-producing 
neurones in the posterior nucleus (PN). TRH is transferred by 
axons (solid lines) to the capillary loops in the pituitary stalk 
and reach the pars distalis (PD) of the adenohypophysis by way 
of the long portal vessels (LPV). @, Cell bodies of GnRH- 
producing neurones in the preoptic area of the hypothalamus. 
Their axons (broken lines) terminate on the capillary loops of the 
superior hypophyseal artery (SHA) and the inferior hypophyseal 
artery (THA), and reach the adenohypophysis by way of both 
the long (LPV) and short (SPV) portal vessels. The location of 
the portal vessels was drawn according to Daniel and Prichard’. 
For abbreviations, see Fig. 1. 


supraoptic and the preoptic nuclei (340 pg per mg tissue); high 
concentration was also found in an area located anterior to the 
mammillary body in the basal hypothalamic area (186 pg per mg 
tissue). The highest concentration of TRH was observed in the 
posterior nucleus (158 pg per mg tissue) and in the region con- 
necting this nucleus with the pituitary stalk. Exceedingly high 
concentrations of both neurohormones were present in the 
pituitary stalk (1,430 pg per mg tissue and 855 pg per mg tissue 
for GnRH and TRH, respectively; Table 1), with a difference in 
distribution (Fig. 2): GnRH was evenly distributed all along 
the pituitary stalk, whereas TRH was localised in the upper 
two-thirds (except for one case). The total content of GnRH 
in the hypothalamus was 40.5 ng and in the pituitary stalk 
58.6 ng. Hypothalamic content of TRH was 61.7 ng and of the 
pituitary stalk 35 ng. No significant amounts of the hormones 
were detected in the different regions of the pituitary gland. 
Low concentrations of TRH were found in some extra-hypo- 
thalamic regions of the brain (Table 1). No apparent differences 
in the distribution or content of the two neurohormones were 
observed in relation to age or sex. 

Axons descending from the hypothalamus have been shown 
to constitute the major component of the pituitary stalk’. 
Therefore, the extremely high concentrations of GnRH and 
TRH in the pituitary stalk (Fig. 2), may reflect the presence of 
pools of these hormones stored in axons and nerve terminals. 
Localisation of TRH and GnRH in specific hypothalamic 
regions may represent sites of synthesis of the hormones in 
neuronal cell bodies of these areas. In the rat, relatively high 
concentrations of GnRH have been found in the preoptic 
area and in the arcuate-median eminence region’. The median 
eminence of the rat, however, is anatomically homologous to 
the proximal portion of the human pituitary stalk"; therefore, 
the distributions of GnRH in human (that is, high concentrations 
in the preoptic area and the pituitary stalk) and rat hypo- 
thalamus, are similar. 

An additional pathway-—that is, by way of the cerebrospinal 
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fluid—has been suggested’ for the transfer of the neurohor- 
mones from their site of synthesis to their site of release. The 
high concentrations of GnRH in the lowest portion of the 
infundibular stem (Fig. 2), which is remote from the infundi- 
bular recess of the third ventricle, favours the direct neural 
route. 

The absence of TRH in the lower third of the pituitary stalk 
implies that this neurohormone reaches the anterior pituitary 
by way of the long portal vessels (Fig. 3), whereas GoRH, 
which is evenly distributed along the whole pituitary stalk and 
infundibular stem, is transported by way of both the long and 
short portal vessels. 
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Evidence for an extranucleolar 
mechanism of actinomycin D action 


Since the original observation of Perry’ that a low con- 
centration of actinomycin D (0.04 ngmI") selectively 
inhibits ribosomal RNA (rRNA) synthesis in vivo, this 
concentration of drug has been used by numerous m- 
vestigators to selectively inhibit the synthesis of rRNA in 
cells in culture. Since nucleolar ribosomal DNA contains a 
high amount of deoxyguanosine and deoxycytosine bases’ 
and actinomycin D selectively binds to deoxyguanosine’, it 
has been thought that actinomycin D preferentially binds to 
nucleolar DNA to inhibit the transcription of 45S ribosomal 
RNA precursor. 

a-Amanitin, the peptide toxin from Amanita phalloides, 
also has inhibitory effects on the synthesis of rRNA” and 
is known to produce nucleolar fragmentation’. Since a 
amanitin is a potent inhibitor of nucleoplasmic RNA poly- 
merase ĮI (refs 11-13) and protein synthesis is an integral 
component of rRNA synthesis", it is conceivable that 
a-amanitin and actinomycin D have comparable sites of 
action in inhibiting the transcription of mRNA(s) coding 
for the essential protein(s) required for the initiation of 
rRNA transcription in vivo. Although these observations 
with a-amanitin have suggested the possibility of an extra- 
nucleolar control of rRNA synthesis, a specific role of 
mRNA in this process remains to be demonstrated. In this 
report, evidence is presented for an extranucleolar mech- 
anism of actinomycin D action suggesting that rRNA tran- 
scription in nucleoli is controlled by mRNA synthesis in 
the nucleoplasm. 

Studies in this report were designed to ask two questions: 
(1) Is eamanitin resistant transcription in isolated nuclei 
(RNA polymerase I + IID) and purified nucleoli (RNA 
polymerase I) inhibited by the low concentrations of 
actinomycin D known to be effective in vive; and/or, (2) 
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Fig. 1 Effect of actinomycin D on transcription in isolated nuclei and nucleoli. RNA polymerase assays, in the presence of varying 
concentrations of actinomycin D were performed as described below. Liver nuclei were isolated from adult male rats (300 g) by the method of 
Blobel and Potter’! with 1 mM phenylmethylsulphonylfluoride (PMSF) in all buffers according to Lindell’, Nucleoli were isolated from freshly 
prepared nuclei by resuspension of the nuclear pellet obtained above in 0.34 M sucrose. The nuclear suspension was then sonicated and 
fractionated according to Roeder and Rutter”, The yield of nucleoli was 30-40% as calculated from the assay of RNA polymerase I 
activity in protein solubilised from starting nuclei and nucleolar product*'. Routine preparations of nucleoli contain 0.5% RNA polymerase 
II by assay of RNA polymerase activity without exogenous DNA, plus and minus a-amanitin. RNA polymerase assays in rat liver nuclei 
and nucleoli were performed as described by Zerwekh ez a/.*? using a single concentration of (NH4).SO, (0.05 M). Actinomycin D (Merck) 
was added in 10-pl aliquots to 50-1 nuclear samples to give final concentrations (in 125 yl) ranging from 0.001 to 100 ug ml? (6.6 x 107- 
6.6 x 107° M). Nuclei and nucleoli were preincubated with actinomycin D at room temperature for 10 min before initiation of the assays by 
addition of substrates and 5-3H-UTP (New England Nuclear, 25 Ci mmol~!). Individual nuclear assays (5 in the absence and 5 in the 
presence of a-amanitin, 0.1 ug per assay) were incubated for 5 min at 30 °C. Incorporation of #H-UMP was linear within this time period. 
Nucleolar assays were performed in the presence of a-amanitin to inhibit any possible residual RNA polymerase I activity. All incubations 
were terminated by pipetting 100-1 aliquots of each assay on to Whatman DE-8| filter disks and immediately placing them in 5% Na,HPO,. 
The filters were then washed, and counted as described by Lindell ez a/.!?. Nucleoplasmic form IT RNA polymerase activity was quantitated 
by subtracting the c.p.m. incorporated in the presence of a-amanitin from those assays performed in the absence of a-amanitin. Nuclear 
forms I and I] RNA polymerase activities were quantitated by subtracting the c.p.m. obtained from control incubated samples containing 
80 Lig ml ~ actinomycin D plus a-amanitin (0.1 pg per assay) from the c.p.m. incorporated in the presence of a-amanitin alone. There is no 
linear incorporation of *H-UMP into RNA in this control. Activities of RNA polymerases are expressed as pmol UMP incorporated per 
5 min per mg DNA. DNA determinations were performed on identical 50-ul aliquots of the same nuclear-nucleolar samples used for RNA 
polymerase assay by the method of Burton?’ using calf thymus DNA (Sigma, Type H) as a standard. Each point represents the average of 
five individual determinations -t-s.c.m. Where error bars are not evident, they lie within the symbol. Control activities were: a-amanitin 
sensitive nucleoplasmic (form IT RNA polymerase), 198; nuclear a-amanitin insensitive nucleoplasmic (forms I and HI RNA polymerases), 
114; and isolated nucleoli, 241 pmo! UMP incorporated per 5 min per mg DNA, respectively. @, Nucleoplasmic polymerase IH; ©, nuclear 
RNA polymerases I and HI (a-amanitin insensitive 0.1 pg per assay); and [C], isolated nucleolar (RNA polymerase I) transcription. The 
arrow indicates 0.04 ug mi~ actinomycin D. 


Is there any nucleoplasmic component of in vitro transcrip- 
tion in nuclei which is inhibited by actinomycin D? Briefly, 
nuclei and nucleoli were isolated from adult rat livers and 
resuspended in a sucrose buffer. Actinomycin D was pre- 
incubated with these organelles before the addition of 
5“H-UTP and substrates. Reactions were terminated by 
pipetting samples on to filter paper disks, washed, and 
counted as described in the legend to Fig. 1. 

The effect of actinomycin D on the various RNA poly- 
merase activities in isolated rat liver nucle: and purified 
nucleoH is shown in Fig. I. Since actinomycin D inhibits 
rRNA transcription in vivo in the concentration range 
0.001-0.1 ag mi? (ref. 24), it was surprising to observe that 
transcription in isolated nucleoli was inhibited at concentra- 
tions almost 100 times greater. Transcription in isolated 
nuclei in the presence of a-amanitin shows near identical 
inhibition to that observed in nucleoli except that the curve 
is biphasic. This additional activity between I and 
10 ug mi actinomycin D was inhibited by higher concen- 
trations of a-amanitin (400 ag ml’) and, therefore, con- 
firmed to be RNA polymerase ITI (data not included). An 
additional experiment was performed to rule out the pos- 
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Fig.2 Effect of actinomycin D preincubation with purified 
nucleoli on the activity of endogenous nucleolar RNA polymerase 


sibility that actinomycin D was not preincubated with 
isolated nucleoli for an adequate amount of time for suf- 
ficient inhibition to occur. Figure 2 presents this experiment 
in which isolated nucleoli were incubated at 30 °C in the 
presence of 0.04 and 0.1 ug ml” actinomycin D relative to 
a control nucleolar sample incubated in the absence of 
actinomycin D. Samples of nucleoli were withdrawn at 15, 
30, 45 and 60 min to test for the ability of the endogenous 


I. Actinomycin D at 0.04 and 0.1 pg mi~? were preincubated with 
identical nucleolar samples at 30 °C for varying times up to 60 
min. Aliquots (50 pl) were removed at the times indicated and 
pipetted into *H-UTP and substrates for assay of endogenous 
nucleolar polymerase activity as described in the legend of 
Fig. 1. Results obtained with actinomycin D are plotted along 
with an identical nucleolar sample which contained no 
actinomycin D. 0, Control; A, 0.04 pg mi “actinomycin D; and 
m 0.1 pg ml> actinomycin D. RNA polymerase activity 18 
expressed as pmol UMP incorporated per 10 min per mg DNA. 
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RNA polymerase I to transcribe nucleolar DNA. This ex- 
periment demonstrated that actinomycin D is still ineffective 
in inhibiting transcription in isolated nucleoli after pre- 
incubation of these organelles up to | h. The loss of activity 
with time may be related to the spontaneous loss of RNA 
polymerase I activity as previously described by Lindell” 
or to thermal inactivation of the enzyme. 

Nucleoplasmic transcription by RNA polymerase H is 
biphasically inhibited by actinomycin D. Twenty per cent 
of the total nucleoplasmic RNA polymerase activity is 
inhibited by actinomycin D in the concentration range 
0.001-0.1 ug ml’, whereas the remaining 80% is inhibited 
between 0.1 and 100 ug mi. The first phase of nucleo- 
plasmic polymerase transcription is inhibited at a concen- 
tration of actinomycin D 700 times lower than that required 
for the inhibition of the remaining nucleoplasmic activity. 


100; 


1 
3 


% Of control 


0 
/ 





| 
! 
| 
[07> 


Actinomycin D concentration (ug mi~ ') 


Fig.3 Correlation of the inhibition of nucleoplasmic trans- 
cription in vitro with the inhibition of 45S RNA synthesis in 
mouse L cells in vivo (data of Perry and Kelley”) by actinomycin 
between 0.001 and 0.08 ug mi~! The first phase of nucleoplasmic 
transcription (Fig. 1) was relativised to 100°, and compared with 
the data of Perry and Kelley” (their Figs 4 and 7, 100 and 60 min 
preincubation of mouse L cells with actinomycin D, respectively). 
@. Nucleoplasmic transcription (this study); |, Perry and Kelley, 
60-min preincubation (their Fig.7); and <, 100-min preincubation 
(their Fig. 4). 


Although actinomycin D inhibition of in vitro transcrip- 
tion seems to be reversed with regard to nucleolar and 
nucleoplasmic RNA synthesis, there is at least one con- 
sistency with another observation of actinomycin D inhibi- 
tion in cells in culture relative to this work. It is clear from 
the work of Perry and Kelley” that 4S and 5S RNA 
synthesis which is transcribed by RNA polymerase HHI (ref. 
25), is S50-100-fold less sensitive to inhibition than 45S RNA 
transcription in mouse L cells. This is also apparent in this 
in vitro work but the concentration range of actinomycin D 
which affects 45S RNA transcription in vivo only affects 
nucleoplasmic RNA synthesis (presumptive MRNA), The 
relationship of this actinomycin D inhibition of nucleo- 
plasmic transcription in rat liver nuclei in vitro to the 
inhibition of 45S RNA synthesis in mouse L cells is shown 
in Fig. 3. It can be seen that an excellent correlation exists 
between these two heterologous observations. 

Perhaps the most severe criticism of this work is that 
transcription in these organelles is not sufficiently sustained 
to allow any reasonable conclusions from a study such as 
this. Zylber and Penman” have concluded that transcription 
in Hela cell nuclei is merely completion of synthesis which 
had already initiated in vivo. In fact, transcription in iso- 
lated rat liver nuclei assayed in these conditions (polymerase 
H and polymerases I+1!1f) is only linear for about 5 min. 
Transcription in isolated nucleoli assayed in identical con- 
ditions is, however, linear for 30-45 min. In spite of the 
lack of sustained transcription in isolated nuclei, there is a 
reasonable correlation with the inhibition of nucleolar 
transcription and the activity of a-amanitin-insensitive RNA 
polymerase activity in nuclei (Fig. 1). 
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The information presented in this manuscript lends 
further support to a possible extranucleolar control of 
rRNA transcription in vivo. Since actinomycin D only 
inhibits transcription by RNA polymerase H im virro in the 
identical concentrations which inhibit 45S RNA transcrip- 
tion in vivo, it is Hkely that this extranucleolar control 
resides at the level of mRNA transcription. In fact, other 
investigators have observed an inhibition of nucleoplasmic 
RNA transcription by low concentrations of actinomycin D 
in eukaryotic cells in culture’*°°*. The amount of nucleo- 
plasmic RNA inhibited ranged from 5 to 50%, depending 
on the cell type and the concentration of actinomycin D 
used. 

If rRNA transcription is controlled by nucleoplasmic 
RNA polymerase II transcription (mRNA) as suggested by 
these data, then a rational hypothesis can be formulated with 
regard to the early observations of Fiume and Laschi’ 
regarding nucleolar fragmentation induced by @-amanitin. 
While inhibitory effects of a-amantin on rRNA synthesis 
have been observed, others have seen no effect of this 
compound in specific cell types’. It is, however, clear 
from these studies that a-amanitin probably does not casily 
penetrate the cell membrane because nucleolar fragmenta- 
tion is not evident until 6-8 h after addition of a-amanitin 
(5 ug mi>’) to CHO cells and effects on rRNA synthesis are 
not observed until 24h (ref. 10). For a-amanitin to be an 
effective inhibitor of rRNA transcription by the proposed 
pathway, all RNA polymerase If molecules must be in- 
hibited to be assured that the expression of any specific 
genome is terminated. Actinomycin D, on the other hand, 
probably acts at a specific DNA site(s) which has a very 
high affinity for binding and, hence, a selective inhibitory 
action. These data would predict that that site is nucleo- 
plasmic rather than nucleolar. 
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can Cancer Society and University of Arizona College of 
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Possible pathway for prebiotic 
uracil synthesis by photodehydrogenation 


THE synthesis of purines in potentially prebiotic conditions has 
been demonstrated!:*. Adenine and guanine have been syn- 
thesised directly from aqueous cyanide solutions and a 
mechanism for the concentration of hydrogen cyanide in low 
melting eutectics has been proposed*. These purines are also 
obtained from solutions of cyanogen (unpublished). The pyrimi- 
dines, however, have provided a more difficult problem. Uracil 
has been obtained from malic acid and urea, but only by 
heating in the presence of concentrated sulphuric acid? or 
polyphosphoric acid®. Low yields of uracil have been inferred 
from spectral data for a reaction involving acrylonitrile, urea 
and ammonium chloride’. Further details concerning the 
conditions of this reaction, however, have not been offered. 
Cytosine and, indirectly uracil, have been prepared from 
cyanoacetylene and cyanate’’*. The rapid hydrolysis of these 
reactants raises doubts about this route. Cyanoacetaldehyde, a 
hycrolysis product of cyanoacetylene, condenses with guanidine 
in aqueous solution to vield 2,4-diaminopyrimidine, which is 
hydrolysed to cytosine and uracil. The later route is considered 
to be more plausible’. Thymine has been prepared in 0.1°% 
yield from uracil by a hydroxymethylation—reduction sequence 
involving formaldehyde and hydrazine hydrate in ammoniacal 
solution’. In view of uncertainties concerning the abundances 
on the primitive Earth of a number of the precursors which 
have been used in these studies, it seemed desirable to consider 
alternative routes to the synthesis of pyrimidines. In this report 
we describe the synthesis of uracil by the photodehydrogenation 
of 5,6-dihydrouracil (DHU), as well as the synthesis of DHU 
from f-alanine and urea in mild conditions. 

B-Ureidopropionic acid (UPA), which is readily formed 
from B-alanine by reaction with urea! or with cyanate!?"!3, js 
knewn to cyclise to DHU. The cyclisation is catalysed by 
acid'*, although certain substituted derivatives have been 
cyclised by heat!. We have found that the cyclisation of UPA 
can be affected by heating at moderate temperatures. UPA (2 g) 
in 20 ml H,O was added to 25 g silica gel (Merck Kieselgel 60) 
and the water evaporated in vacuo. The mixture was then heated 
at 65 °C under N, for 5 weeks. DHU was isolated by column 
chromatography on cellulose in butan-2-ol-water (86 : 14) and 
characterised as N-acetyl-5,6-dihydrouracil (207 mg) by mixed 
melting point and infrared spectroscopy!®. We have observed 
that the cyclisation of UPA to form DHU is promoted by 
urea. The direct evaporation of dilute solutions of B-alanine 
and urea either alone or in the presence of various silicates also 
results in the formation of DHU in the temperature range 
60-90 “C. Further details of these experiments will be reported 
elsewhere, 

In a typical photodehydrogenation experiment, 50 mg DHU 
in $ ml hot distilled water was added to 1 g support material 
(Table 1), contained in a borosilicate tube (160 x 50 mm), The 
tube was equipped with inlet and outlet side arms for N, 
purging and a ground-glass joint for insertion of a Hanovia 
low-pressure mercury arc lamp. The tube was fitted to a rotary 
evaporator and the slurry evaporated and deposited on the 
walis of the tube j» vacuo. Irradiation was carried out under N, 
for 48 h. The effect of water vapour on the reaction was tested 
by passing the N, through a flask filled with distilled water or, 
alternatively, through KOH. At the end of the irradiation 
period, the material was extracted with 100 ml hot distilled 
water and filtered. The products from these experiments gave 
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Fig. I Postulated pathway for prebiotic formation of uracil. 


positive Wheeler-Johnson tests'®, The presence of uracil was 
confirmed by ultraviolet absorption spectroscopy and by thin- 
layer chromatography on silica gel (i-butanol-acetic acid- 
water; 3: 3: 1) and on cellulose (fert-butanol—methyl ethyl 
ketone-water-concentrated NH,, 40: 30: 20: 10). Products 
from a number of experiments were pooled, and uracil was 
isolated by preparative thin-layer chromatography on cellulose 
as described above. Acetylation gave N-acetyluracil, as shown 
by comparison with an authentic sample by infrared spectro- 
scopy and mixed melting point ®. Quantitative analysis of uracil 
was carried out by ion-exclusion chromatography on Aminex 
A25 and A6 columns as described previously'?"}*. 

Results are summarised in Table 1. In the absence of added 
support, 2% conversion of DHU to uracil was obtained after 





Table 1 Conversion of 5,6-dihydrouracil to uracil on various supports 


Support® Yield of uracil (mole % yt 
Montmorillonite number 20 22 (6) 
Montmorillonite number 23 14 (7) 
Montmorillonite number 31 12 (5) 
Hite number 35 5 (2) 
Hlite number 36 4 
Vermiculite (Zonolite) 3 
Kaolinite number 9 2 
Kaolinite number S i 
Silica gel 3 (2) 
Quartz 2 
Basalt 2 
Granite | 
CaCO, 2 
None 2 (4) 


*CaCO, and silica gel (Kieselgel H) were from Merck. Clay 
minerals were standard samples from Ward’s and were hand ground. 
Quartz sand (Baker) and the basalt and granite samples were ground 
in a disk mill (Tema). 

tIrradiation for 48 h under water-saturated N, as described in the 
text. Figures in parentheses are yields obtained with dry N,. 


48 h. In the presence of montmorillonite number 20, however, 
the yield of uracil was 22°¢. This difference, as well as the 
influence of water vapour on the yields, suggests that the most 
active materials exert an effect by binding water in the solid 
phase and perhaps catalysing tts photolytic dissociation. (Irra- 
diation of DHU in aqueous solution also yielded uracil. After 
4d a 7% yield was obtained from a 0.0044 M solution.) 
Destruction of starting material and/or product was also more 
severe in the presence of water vapour. Thus, in the experiments 
with montmorillonite, uracil + DHU accounted for 90 to 97% 
of the starting material in the absence of water vapour, but 
only 74 to 82° in its presence. The series--montmorillonite, 
illite, vermiculite, kaolinite—is particularly interesting, as it 
represents a transition from expandable lattice structure 


f, 


Y, 
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(montmorillonite) to non-expandable (kaolinite). A plausible 
mechanism for the photodehydrogenation might involve disso- 
ciation of bound water molecules and the hydroxylation and 
subsequent dehydration of DHU. The mechanism may therefore 
be similar to that involved in the Co y radiolysis of DHU, 
in which 5-hydroxy-, 6-hydroxy- and 5,6-dihydroxy DHU are 
formed™. Studies on the y radiolysis of dihydrothymine have 
also implicated the OH radical as the reactive species in the 
formation of thymine*!. Our studies on the mechanism of the 
catalysed photodehydrogenation are continuing. 

We suggest that the synthesis of uracil by the reaction 
sequence shown in Fig. 1 represents a reasonable prebiotic 
pathway. Urea has been repeatedly suggested as a prebiotic 
reagent®*, As the product formed in highest yield from solu- 
tions of hydrogen cyanide as well as by other pathways, it is one 
of the most plausible nitrogen-containing prebiotic materials 
and has been proposed as a possible storage form for ammonia 
on the primitive Earth**. B-Alanine has been reported in the 
Murchison meteorite™, and has been formed in a number of 
simulated prebiotic syntheses™-*", Its abundance relative to 
other amino acids varies depending on the conditions chosen. 
In our proposed pathway, B-alanine would probably have been 
limiting. The entire pathway of carbamylation, cyclisation and 
photodehydrogenation may have occurred in evaporating pond 
environments, particularly where cycles of dehydration and 
rehydration were common. ' 
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Effect of point-freezmg on ethylene and 
ethane production by sugar beet leaf disks 


THE site of biosynthesis of the plant hormone eth 

ylene in 
the cells of higher plants is unknown. Efforts to identify the 
enzyme system responsible and its subcellular location have 
failed because _ethylene-producing Plant tissues stop pro- 


J, Kimball, A.,, 
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duction after homogenisation. On the other hand, ethane 
is produced as the main hydrocarbon gas after homogenis- 
ation of certain tissues of higher plants’’. We have 
investigated the influence of point freezing on ethylene and 
ethane synthesis by sugar beet leaf disks, and found that 
both are stimulated. 

Rates of ethylene and ethane formation were monitored 
after incubation of untreated or point frozen leaf disks of 
23 mm diameter and about 100 mg fresh weight, in order to 
show that sugar beet leaf tissue behaves as theoretically 
expected'?. The disks were cut from the upper third of 
sugar beet leaves not more than 12 weeks old, and floated 
on 1 mi of water in 3-ml Fernbach flasks, closed by a serum 
rubber stopper. After 2h of incubation at 25°C in the 
dark, 0.5 ml of the gas phase was analysed for ethylene and 
ethane by gas chomatography (compared with authentic 
gases purchased by Measer-Griesheim GmbH, Dusseldorf) 
as described before’. 





Table 1 Ethylene and ethane production of untreated and pressed 


sugar bect leaf disks 
Ethylene (a) Ethane (b) Ratto a/b 
(pmol per h per g fresh weight) 
Untreated disks 379 +355 a 1+3 (35) 95+320 (35) 
Pressed disks 33+171 (41 86 +40 (60) 0.4+2.6 (41) 


Results are mean +s.d. Figures in parentheses are numbers of 

ts. These dean were compared by by statiatical methods (r test, 
F test). Rate of ethylene production of untreated disks > pressed 
a P<0.01). Rate of ethane production of pressed disks > un- 
T disks (P < 0.01). Ratio ale. of untreated disks > pressed disks 
P<0.01). 


The most ethylene was formed by untreated leaf disks 
(Table 1). Production of ethylene was strongly reduced after 
the leaf disks had been pressed with a plastic piston on a 
plastic board. In contrast, ethane production was low m 
untreated leaf disks and was strongly stimulated after 
pressing. These results, obtained by pressing sugar beet leaf 
disks, are in good agreement with results obtained after 
homogenisation of various higher plant tissues’’’. 

The following experiments demonstrate a correlation 
between the extent of wounding and the rates of production 
of ethylene and ethane by sugar beet leaf disks. For this 
purpose, leaf disks of 5-week-old sugar beets were frozen 
to various extents: a stainless steel rod, 3 mm in diameter, 
kept at the temperature of liquid nitrogen, was touched to 
the surface of the leaf disks for 2 s. This resulted in a frozen 
circular area of approximately 3% of the total leaf disk 
area. By repeating this process, leaf disks were point frozen 
to 25, 50, 75 and 100% with respect to the total leaf disk 
area and were then incubated as described above. Figure | 
shows the rates of ethylene and ethane production plotted 
against the percentage of frozen leaf disk areas. Production 
of ethylene increased as the extent of point freezing of the 
total leaf disk area increased from 0 to 50%, and decreased 
linearly as the frozen leaf disk area increased from 50 to 
100%. 

In contrast to ethylene, ethane formation increased 
linearly as the point freezing of the total leaf disk area 
increased from 0 to 100% (Fig. 1). The measured ethylene 
to ethare ratios plotted against the percentage of frozen 
leaf disk area (Fig. 2) shows a strict logarithmic dependence. 

The linear stimulation of ethane production after leaf 
disk point freezing up to 100% of the disk area indicates 
that, in contrast to ethylene, ethane production is not 
dependent on intact compartmentalisation in the leaf cells, 


‘but rather depends on cellular disorder. Thus, ethane pro- 


duction and the ethylene to ethane ratio can be taken as 
an indicator of the integrity of sugar beet leaf tissue. 
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Fig. 1 Dependence of ethylene (_.) and ethane (@) production 

on the percentage of frozen leaf area. Point freezing and incuba- 

tion were achieved as described in the text. The points of the 
lines represent the mean of five experiments. 


The influence of freezing on ethylene production seems 
to be more complex. Up to a certain extent of point 
freezing (in our case 50% of frozen leaf disk area), 
ethylene production increased after point freezing in spite 
of the decrease of unfrozen leaf area. When 50% of leaf 
disk area was frozen, further point freezing severely 
decreased ethylene production to an almost negligible 
amount. Assuming a K,, for ©; of 0.2% for ethylene 
synthesis’, the decrease of ethylene production and the 
concomitant increase of ethane production cannot be 
attributed to oxygen depletion as the result of an increased 
oxygen consumption after point freezing. This can be 
concluded from the observation that pressed leaf disks of 
100 mg fresh weight consume about 1.6 amol of O: per 2h, 
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Fig. 2 Dependence of the ethylene to ethane ratio on the per- 

centage of frozen leaf area. Point freezing and incubation were 

achieved as described in the text. The points of the lines represent 
the mean of five experiments. 
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representing 8°, of the total amount (20.0 amol) of O: avail- 
able. From the above results we conclude that ethylene 
formation—in contrast to ethane formation—occurs in the 
leaf area surrounding the frozen parts of the leaf, represent- 
ing a wound response of the non-decompartmentalised, but 
physiologically perturbed** cells, adjacent to the decompart- 
mentalised (killed) cells. 

If the percentage of the decompartmentalised tissue was 
increased, the non-decompartmentalised, but perturbed 
tissue was reduced, this being observed as a decrease in 
ethylene production. 

The physiological role of the stimulation of ethylene 
production after wounding can be seen in the induction of 
wound responses, for example, the accumulation of phenolic 
compounds’. It is thus interesting that injury-related bio- 
synthesis of an aromatic phytoalexin (phaseollin) in 
Phaseolus vulgaris has also been described to be dependent 
on living tissue adjacent to the injuries*. Ethane production, 
on the other hand, does not depend on intact tissue but 
rather on cellular disorder and loss of compartmentalisation, 
for the highest production rates are obtained with 100% 
frozen leaf area. Because of this independent behaviour 
of ethylene and ethane production, two different pathways 
can be assumed for their biosynthesis. 

This work was supported by the Deutsche Forschungs- 
gemeinschaft and by the Kleinwanzlebener Saatzucht AG. 
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Errata 


In the article “Significance of impulse activity in the trans- 
formation of skeletal muscle type” by S. Salmons and 
F. A. Sréter (Nature, 263, 30: 1976), the tenth line from 
the bottom of the first column on page 33 should read... 
soleus muscles which had received stimulation showed 
light- . . . and not as printed. 


In the article “Opposing effects of cyclic AMP and cyclic 
GMP on protein phosphorylation in tubulin preparations” 
by L V. Sandoval and P. Cuatrecasas (Nature, 262, 511; 
1976) the pH value given in the second line of the legend to 
Table | should read pH 6.75 and not 7.65 as printed. 


Nature Index and Binders 


The Index for 1975 is now available, price 
£2.25. Copies of the 1974 index are still on 
sale, price £3.00. Binders for the journal are also 
available at £7.00 for four (a year of Nature fits 


into four binders). 

Postage is included in the above prices. Orders 
should be sent, accompanied by remittance to 
Macmillan Journals Ltd, Brunel Road, Basing- 
stoke, Hampshire, England. 
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Green rust: a 
pyroaurite type structure 


McGILL, MCENANEY AND SmitH! have 
described a green corrosion product of 
iron developed in water containing NaCl, 
K.SO,, NaCO,, mixtures of these salts, 
and NaOH under various degrees of 
aeration. The X-ray data they reported 
indicate that the product is a member of 
the pyroaurite group? ~, In fact, Stampfl® 
and Taylor? have also concluded that a 
ferrous-ferric green rust material belongs 
to the group of pyroaurite structures. 

We have been concerned’? with the 
synthesis of products similar to the 
mineral takovite which has a formula of 
the pyroaurite type near to (Ni, Mg); 
(Al,Fe”+) (OH), .CO.4H.O. We find that 
such products are formed readily in 
solutions containing Cl-, NO,” and 
SO,’~ ions, provided that CO, is not 
rigorously excluded. When water in its 
normal state or saturated with CO, is 
used, the same or similar final product is 
obtained. The presence of the anion 
CO,°~ is shown unambiguously by infra- 
red spectroscopic data. We suspect that 
other anions play only a small role in the 
formation of the product when Co, 
ions are present. For reasons which are 
not entirely clear, the pyroaurite structure 
type seems to form very readily when 
CO,*~ ions are available. Possibly the 
planar nature of the CO,?~ ion and the 
total number required are favourable 
factors; NO, ~ ions, although planar, must 
be twice as numerous for electrical 
neutrality. 

Using the X-ray data reported by 
McGill, et al?, we have recalculated the 
unit cell parameters using the refinement 
program of Evans et al.’: the results are: 


It is of interest to consider a possible 
relationship between cation composition 
(as indicated by the weighted mean cation 
radius, F), and the hexagonal a parameter. 
Figure 1 shows such a plot with data 
taken from the literature, including two 
unpublished points (G.W.B. and D.L.B.), 
dealing with takovite. The 7 values are 
calculated using the crystal radii of 
Shannon and Prewitt*. The smallest value 
of 7 is for takovite (G.W.B. and D.L.B., 
unpublished) and the largest for the green 
rust studied by Butler and Benyon® on the 
assumption of a 3 : 1 ferrous-ferric ratio. 
The available data cluster near to a 





3.20 


acts 
a tA} 
Fig. 1 Plot of F (mean cation radius), 
against unit cell parameter a for pyro- 
aurite-type structures. Vertical line in- 


dicates the g parameter of the green rust 
of McGill et alt. 


straight line and indicate for the green rust 
of McGill et al. a ferrous-ferric ratio of 
about 2:1; the precise result depends on 
how the line is drawn. In future studies 
of pyroaurite group materials, it will be 
useful to have chemically analysed 
materials and accurate cell parameters so 
that a composition—cell parameter graph 
can be drawn with greater accuracy than 
is now possible. 


G, W. BRINDLEY 
Davip L. BISH 
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AN extraordinary orientational relation- 
ship between the rhombohedral green 
rust (with hexagonal unit cell dimensions 


(cubic with a= 8.434 A)— 
namely, [11 Jen or [42.1rex // {11 T]eun; and 
(566), or (101 17). // Al Dcus—has 
been reported by McGill, McEnaney and 
Smith '. I should like to query this result, 
and to suggest that there is really no 
evidence that the relationship is other than 


[00.1]nex Or [111m // U1 1eus, and (3030) rex 


or (21), // (2c, as would be ex- 
pected from a comparison of the oxygen 
packings of the two structures. 

If the material is not well crystallised, 
or the platelet is very thin, the reciprocal 
lattice points will be extended parallel to 
{00.1 ]nex and it will not then be necessary 
to postulate that the diffraction spots, 
visible in their Fig. 1 and obtained when 
the beam is perpendicular to the crystal 
flake, have indices which strictly obey the 
requirement —hA+k+1 = 3a. The photo- 
graphs reproduced in ref. | do not seem 
to show departures from hexagonal 
symmetry. Moreover, the hexagonal and 
rhombohedral cell dimensions are not 
entirely consistent with each other and 
the sets of planes considered to be equiva- 
lent do not really have similar d-spacings. 

The simpler topotactic relationship had 
been reported earlier*? but, together 
with work on the structure of the green 
rust materials’, had gained inadequate 
publicity. 

A. L. MACKAY 


Department of Crystallography, 
Birkbeck College, (University of London), 
Malet Street, London WCIE 7HX, UK 
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MCGILL ET AL. REPLY--Mackay’s argu- 
ment! presumes that there is close 
matching of oxygen ions in the green 
rust and magnetite structures resulting 
from a topotactic transformation, that 
is, internal atomic displacements resulting 
in accord in three dimensions between 
initial and final lattices®. There is no 
conclusive evidence for this type of trans- 
formation from our experiments on the 
corrosion of cast iron. It has been found 
that magnetite and green rust usually 
precipitate from solution independently 
of each other, although there are isolated 
examples of the epitaxial growth of mag- 
netite on green rust from solution. Figure 
3 of our original contribution? illustrates 
this, and shows magnetite as three- 
dimensional, ‘island’ outgrowths from the 
surface of green rust crystals, a mor- 
phology commonly observed in epitaxy. 
Close matching of oxygen ions between 
green rust and magnetite is not, therefore, 
a necessary condition, since epitaxy can 
occur with large degrees of atomic 
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mismatch between substrate and over- 
growth‘, 

The orientation relationship that we 
report results from a correlation of 
d-spacings from electron diffraction, and 
the more accurate d-spacings from X-ray 
diffraction; such a correlation cannot be 
obtained if the orientation relationship 
proposed by Mackay? is assumed. Nor is 
there evidence to postulate a relaxation in 
the Laue condition, since scanning 
electron microscopy (see Fig. 3, ref. 3) 
indicates that the green rust crystals 
are ~ 0.1 um in thickness or greater. The 
elongation of diffraction spots is usually 
associated with microcrystals which have 
critical dimensions of much less than 0.1 
um. Electron diffraction suggests that 
the green rust platelets are well-crystal- 
lised. An inspection of the rhombohedral 
unit cell shows that a flat crystal with a 


(5 6 6) habit plane may have hexagonal 
geometry. 

Turning to the point raised by Brindley 
and Bishë: in our experiments green rust 
is grown in closed vessels by the corrosion 
of cast iron in solutions which are deoxy- 
genated by purging with nitrogen. Thus 
the level of dissolved carbon dioxide is 
very low in non-carbonate solutions. For 
example, green rust and magnetite were 
formed by the corrosion of cast iron at 
50 °C in distilled, deionised water con- 
taining 0.4 p.p.m. of oxygen. Chemical 
analysis of the water gave the following 
results: before corrosion, pH = 7.4, alka- 
linity = 5.0 p.p.m.; after corrosion, pH = 
6.6, alkalinity = 5.5 p.p.m.; alkalinity = 
[(CO,?7] + [HCO,7] + [CO.] + [OH 4. 
Since, for HCO, at 50°C, K, = 5.19 
107 and K, = 6.73 x 107" (ref. 6) the 
bicarbonate ion is the predominant spe- 
cies in this pH range, and the carbonate 
ion concentration is extremely low. 

In another experiment, green rust pro- 
duced in sodium carbonate solution, 
[CO,?"] = 200 p.p.m. was examined 
using infrared spectroscopy. The presence 
of the hydroxyl group was clearly shown 
but the carbonate ion was not detected. In 
view of the comments of Brindley and 
Bish®, a more extensive infrared spectro- 
scopic investigation is being undertaken, 
but at present, our experiments do not 
support the view that the presence of the 
carbonate ion is particularly significant in 
the formation of green rusts by the corro- 
sion of cast iron. 

These and other points relating to pro- 
cesses involved in corrosion of cast iron 
will be developed elsewhere. 
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Production of heavy 
elements in neutron stars 


CHECHETKIN and Kowalski! have pro- 
posed that the production of heavy 
elements in nature occurs by the ejection 
of matter from a neutron star surface. 
Their suggestion relies on the results of 
Chechetkin and Bisnovatyi-Kogan*:*, who 
find such matter to be composed before 
ejection of ‘jumbo’ nuclei (Z => 160; 
A = 640). These results were derived 
using a highly uncertain extrapolation of 
binding energies into the extreme neutron- 
rich region and in the absence of fission. 
Their justification of the neglect of fission 
is based on a necessarily very crude 
estimate of fission lifetimes. 

The nuclear stability against spon- 
taneous fission is the result of a barrier 
in the potential energy curve of a nucleus 
as a function of deformation. In the 
framework of the macroscopic—micro- 
scopic method’ *, the potential energy 
can be divided into two parts: (1) a 
macroscopic contribution that takes into 
account the smooth variation of the 
energy as a function of nucleon number 
and deformation, and (2) a microscopic 
contribution that includes shell effects 
which are significant only near the 
magic numbers for neutrons or protons. 
The macroscopic energy is calculated 
using the liquid-drop or droplet model 
of the nucleus, whereas the microscopic 
contribution is evaluated from the energy 
spectrum associated with an appropriate 
potential well. 

As the proton number and the neutron 
excess of the nucleus are increased, the 
stability against fission resulting from the 
macroscopic energy is reduced both by 
the increased repulsion of the Coulomb 
force with the addition of protons and 
by the decreased surface tension of the 
nucleus with the addition of neutrons. It 
is the rapid decrease of the macroscopic 
energy as a function of deformation that 
causes nuclei beyond the actinide region 
(A = 260) to be unstable with respect to 
spontaneous fission. Beyond the actinide 
region, only strong single-particle effects 
near neutron or proton closed shells (as 
for the case of the superheavy island 
A = 298, N =~ 184, Z = 114) can offer 
stability against spontaneous fission. In 
the immediate region surrounding the 
superheavy island, the fission barriers of 
nuclei are virtually non-existent’. 

Furthermore, in a neutron capture the 
neutron separation energy in the com- 
pound nucleus plus the kinetic energy of 
the incoming neutron easily lead to 
subsequent fission. Consequently, any 
process of successive neutron captures 
will be terminated by neutron-induced 
fission before significant spontaneous 
fission can occur. Recent calculations’? of 
fission barrier heights and neutron sepa- 
ration energies in the r-process region 
indicate that the astrophysical r process 
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may well be terminated by neutron- 
induced fission in the mass region 
A ~ 280. It should, however, be pointed 
out that the exact point of this termin- 
ation is very uncertain because of an 
extrapolation of surface-asymmetry and 
closed-shell effects from the region of 
known nuclei and because of the use of 
the Strutinsky procedure. The termination 
point may be somewhat higher (4 ~ 350), 
consistent with the possible discovery of 
superheavy elements in pleochroic halo 
inclusions® and their production in a 


conventional r process®. In spite of the 


uncertainties of the calculations of fission 
barriers*:’, we believe that the existence of 


Z = 160 is definitely ruled out. We 
should also mention that similarly large 
nuclei had been predicted in equilibrium 
conditions in neutron star matter’®?), 
This, however, has also been con- 
clusively shown to be incorrect?-™, In 
conclusion, the nuclear basis of Chechet- 
kin and Kowalski’s suggestion for the 
production of superheavy elements is 
unfounded although it may well be that 
these elements can be produced in an 
r process occurring in the surface materia! 
of neutron stars. Studies along these lines 
are under way. 
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Assuming the mantle of soothsayer 





Earthquake Prediction. (Developments 
in Solid Earth Geophysics, Vol. 9.) By 
Tsuneji Rikitake. Pp. xvi+357. 
(Elsevier Scientific: Amsterdam, 
Oxford and New York, 1976.) Dfi.95; 
$37.95. 


STRONG earthquakes hold such terror 
for unprotected populations that those 
capable of forecasting earthquakes 
with any degree of reliability whatso- 
ever, have a ready and appreciative 
audience. Thus, earthquake prediction 
has been the business of psychics and 
astrologers for centuries. The unhappy 
consequences of recent severe earth- 
quakes have inspired significant effort 
in four nations to spur science to 
assume the mantle of soothsayer. 
Government-sponsored prediction re- 
search has been undertaken on a major 
scale in the USSR (since 1949), Japan 
(1963), China (1966) and the US (1971). 
In these countries, concerted efforts 
have been made in what must be the 
first priority in any programme— 
obtaining base-line information. These 
activities have been carried out to 
varying degrees in each country by 
measurement of strains, geodetic 
measurements, observations of micro- 
earthquake activity, geomagnetic, geo- 
electric and elastic properties, and 
collection of geochemical information. 

Each of the four programs has its 
own emphasis. Professor Rikitake has 
been a leader of the Japanese pro- 


gram, and writes as an authority 
eminently qualified to review the 
Japanese program. The longest 


chapter in the book (62 pages) is con- 
cerned with geodetic surveying methods 
for observing precursory deformation 
of the Earth’s surface and summaries 
of observations of such deformation 
before a number of earthquake events. 
Although geodetic observations are 
comparatively lightly emphasised in the 
other programs, they are a corner- 
stone of the Japanese national pro- 
gram. 

The reader should not expect to 
receive a broad exposure to the basic 
problems of earthquake prediction or 
to the arguments and uncertainties 
that pervade the subject. Instead, this 
book provides a thorough review of 


the phenomenology of observations 
deemed pertinent to prediction. The 
reader who expects to derive under- 
standing of the processes that underly 
the observations should look elsewhere. 

The physical basis of earthquake 
prediction is unsatisfactorily treated. 
The shortest chapter in the book (4 
pages) is concerned with the dilatancy 
model of the focal zone; in this model, 
the volume of matter increases due to 
the formation of small cracks shortly 
before rupture. Dilatancy is the only 
physical model proposed so far that has 
the promise of providing an under- 
standing for the various precursory 
phenomena. Professor Rikitake with- 
draws from a detailed discussion of 
dilatancy, including the controversy 
over the role of water as an active 
agent in the dilatancy process. 

The lengthy chapter entitled “The 
Theory of Earthquake Prediction’, 
has no theory therein, but is concerned 
instead with statistical approaches to 
earthquake prediction plus an exten- 


Magnetic resonance techniques 


Magnetic Resonance of Biomolecules: 
An Introduction to the Theory and 
Practice of NMR and ESR in Bio- 
logical Systems. By P. F. Knowles, 
D. Marsh and H. W. E. Rattle. Pp. 343. 
(Wiley-Interscience: New York and 
London, May, 1976.) Cloth £9.75, 
$19.75: paper £4.25, $8.75. 


THE applications of magnetic resonance 
techniques to biological problems are 
now of sufficient importance to merit 
inclusion in any well-balanced under- 
graduate degree course in biochemistry 
or biophysics. Although there are 
several specialist books dealing with 
such applications there has been no 
text written primarily for the under- 
graduate student. 

Drs Knowles, Marsh and Rattle have 
now produced such a book dealing 
with the applications of nuclear 
magnetic resonance (NMR) and elec- 
tron spin resonance (ESR) spectro- 
scopy to biological problems. On the 
whole, they have produced a very 
useful book for both student and 
teacher alike. The parts of the book 
dealing with ESR are particularly 


L. Knopoff 
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sive catalogue of the events for which 
precursors have been observed. Two or 
three pages of the book are devoted to 
the phenomenology of brittle fracture 
and strike-slip processes: nothing is 
presented describing the physical basis 
in fracture mechanics for the earth- 
quake event. 

The book is well written in language 
understandable to the non-expert. The 
non-idiomatic use of the English 
language is not offensive. The editing 
and the selection of topics make the 
book a highly personal view of earth- 
quake prediction. Major aspects of the 
topic deserve to be presented more 
broadly than is done here. In spite of 
extraordinary omissions, this book is 
useful for the extensive tabulations of 
observations of diverse precursory 
phenomena. CJ 





L. Knopoff is Professor of Geophysics 
at the Institute of Geophysics and 
Planetary Physics, University of Cali- 
fornia, Los Angeles, California. 





sae eiei eb Me ett Ia Pt gt BO Yi nt ma EY Nae OA 


meannan ants Wiens teh Hef A BURR MILER LRA Mn Rumanian mS 


valuable because such teaching 
material is not easily accessible else- 
where. 

The basic theory of NMR and ESR 
are discussed together in an opening 
chapter and other chapters deal with 
the spectral parameters, practical 
aspects and biological appheations of 
each technique. The carefully selected 
material is presented in an interesting 
manner and due emphasis is placed on 
the advanced experimental techniques 
which are required for successful) 
biological studies. In general the 
theoretical aspects have been dealt 
with adequately although | would have 
preferred to see the theory of MMR. 
and ESR introduced separately. In the 
NMR section a more detailed account 
of chemical exchange and relaxation 
behaviour would have been useful in 
view of the importance of these aspects 
of the theory in biological studies. 

In some of the examples it was not 
always clear how the biological. 
information had been derived from the 
NMR data. For example, a conforma- 
tional structure for oxytocin was 
presented but none of the NMR argu- 


356 


ments leading to this were given. 
Obviously in a text of this type the 
authors have had to be very selective 
in their choice of examples of the 
numerous applications; they have 
succeeded admirably in finding ex- 
amples which illustrate the scope of 
the techniques as well as providing 
interesting biological information. 
The text would have been improved 
by including some consideration of 
conformational studies of small mole- 
cules of biological interest using spin- 
spin coupling constants and some 
studies of ligand binding fo proteins. 
In general however the authors have 
provided an impressive coverage of the 
major areas of application including 
studies of protein and transfer RNA 
conformations and structures, protein 
unfolding, protein-protein inter- 
actions, protein hydration, metallo- 
proteins, spin-labelled proteins and 
studies of phospholipid membranes, 
This book can certainly be recom- 
mended to students and teachers 
wishing to learn more about the 
usefulness of magnetic resonance 
techniques in biology. J. Feeney 





Dr Feeney is a member of the scientific 
staf in the Division of Molecular 
Pharmacology at the National Institute 
of Medical Research, London, UK. 
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Immunology of 
reproduction 


Immunobiology of Trobophlast. 
(Clinical and Experimental Immuno- 
reproduction, 1.) Edited by R. G. 
Edwards, C. W. S. Howe and M. H. 
Johnson. Pp. x+284. (Cambridge 
University: Cambridge, London and 
New York, August 1975.) £6. 

THIS volume represents the papers 
and discussion of a meeting held in 
January 1974 in the Physiology Lab- 
oratory, Cambridge, UK, and is the 
first of a series of meetings held on 
specific topics of immunoreproduction 
in association with the activities of the 
International Coordination Commit- 
tee for the Immunology of Reproduc- 
tion. AH the participants were either 
British or were visiting Britain. 

The papers all, in one way or an- 
other, address themselves to the key 
fact that the foetus is able to survive 
in the uterus in spite of the antigenic 
disparity which by rights should lead 
to its rejection as an allograft. Papers 
by A. C. Allison, by M. H. Johnson, 
by K. D. Bagshaw and S. Lawler, and 
by W. P. Faulk et al. document the 
complex antigenicity of the develop- 
ing trophoblast, placenta and foetus. 
Details of trophoblast differentiation 
are described by R. L. Gardner and 
by W. D. Billington. The trophoblast 
and placental function in prevention 
of cell traffic and transfer of antigens 
and antibody is discussed by M. 
Adinolfi, whereas endocrine effects on 
the immunological consequences of 
implantation of the antigenically 
foreign foetus are described by R. 
Borland et al. W. R. Allen reports 
on the complex endocrinological and 
immunological features accompany- 
ing implantation and foetal develop- 
ment in the mare. Two extensive 
papers, one an overview of lympho- 
cyte physiology by C. W. S. Howe, 
the other a review of the complex and 
often divergent observation on the 
effect of antigenic disparity on 
placental size, implantation and 
embryonic survival of mammahan 
embryos by A. McLaren complete 
the volume. 

It is remarkable that in spite of 
the limited number of papers, the 
volume represents well the current 
state of knowledge in this field. The 
more comprehensive papers are 
doubtlessly the most valuable in that 
they focus in depth on the problems 
of trophoblast immunobiology, and 
in depth consideration of such prob- 
lems is a luxury permitted all too 
infrequently in a time of increasing 
page charges and decreasing page 
allowances. The additional feature of 
publishing the discussion comments 
following each paper is especially 
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welcome, for it provides the reader 
with a feeling for the current state 
of acceptance of or disagreement 
with the views expressed by the 
authors. 

The volume is a most valuable 
addition to the literature in the fields 
of reproductive biology and of 
immunology. Robert Auerbach 


Robert Auerbach is Professor of 
Zoclogy at the University of Wis- 
consin, Madison, Wisconsin. 


Membrane series 


Biological Membranes. Vol. 3. Edited 
by Dennis Chapman and Donald 
F. H. Wallach. Pp. x+362. (Acade- 
mic: London and New York, May 
1976.) £11; $27.75. 

WHEN Biological Membranes, Physical 
Fact and Function was published in 
1968 there was no indication that it 
was to become volume 1 of a Series 
which has now reached volume 3 and 
seems likely to continue. The publica- 
tion of such volumes at irregular 
intervals of several years tends to 
delay some of the contributions un- 
fairly and to provide an irregular and 
unpredictable coverage of the field. 
Nevertheless, in the book under 
review, the editors have collected to- 
gether a group of six interesting topics 
and appropriate authors, most of 
whom seem to have written their con- 
tributions during 1974. The chapters 
are, in general, authoritative and well 
presented, and on such a variety of 
topics as to provide something of 
interest for everyone. Most libraries 
and many individuals may therefore 
be persuaded to continue to collect 
the series. 

Two of the new topics, concerned 
with neutron diffraction and scatter- 
ing and with the use of lanthanides 
to probe the role of calcium in mem- 
branes, are still at the exploratory 
stage and are reviewed largely to em- 
phasise their potential for membrane 
studies. Other chapters discuss lipid 
and protein mobilities in membranes 
and the exchange of lipids between 
membranes and lipoproteins, The two 
remaining chapters provide a com- 
prehensive review of nuclear mem- 
brane structure and function, and a 
specialist assessment of the specificity 
and significance of interactions be- 
tween plasma membranes and gamma- 
globulins. The author index is four 
times as long as the subject index 
even though the latter includes all but 
three of the rare earth elements (all 
listed on pt54). J. B. Finean 


peamees 


Dr Finean is a Reader in Molecular 


Biology in the Department of Bio- 
chemistry at the University of 
Birmingham, UK. 
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Light scattering 


Dynamic Light Scattering. By Bruce J. 
Berne and Robert Pecora. (Wiley: 
New York, March 1976.) £14.00; 
$27.70. 


CLoseLY following the introduction of 
the laser we have in recent years wit- 
nessed a considerable increase in the 
number of original publications and 
review articles on light scattering 
theory and its applications to chemistry, 
biology and physics. The novel feature 
which transformed classical light 
scattering into a modern field of study 
was the possibility of undertaking 
dynamic studies over an extensive range 
of time and frequency scales. Not all 
expectations have been fulfiled; the 
study of chemically reacting systems 
for instance has been rather disap- 
pointing so far and the successful 
extraction of higher order information, 
beyond the derivation of translational 
diffusion constants in dilute macro- 
molecular solutions, has been the rare 
exception rather than the commonplace 
event. 

From the book under review, as well 
as from its recent predecessor (see 
Nature, 255, 90, 1975) we learn that 
sufficient time has not yet elapsed to 
place the whole field into proper per- 
spective. This reviewer would have 
been grateful for a logical develop- 
ment of modern scattering theory com- 
prising the phenomenological, electro- 
magnetic and molecular aspects. The 
authors are eminently qualified for this 


undertaking. They present a welcome 
wealth of theoretical derivations, some- 
times on a very elementary and at 
other times on a rather advanced 
specialised level. Interspersion of a 
large number of applications from 
many different fields detracts from the 
general purpose. Whereas the theory 
could easily have been presented as a 
permanent whole, the applications are 
fragmentary and ephemeral, and can 
only be fully appreciated by reference 
to the original works. The thread is 
broken and the consistency lost. 
There are a number of details which 
I believe can be easily corrected in a 
future reprint. Some terms and names 
ate misspelt, some references in the 
text are incomplete, and some referen- 
ces are given as 1974 and 1975 as being 
in press—in a book published in 1976. 
A glossary of symbols would have been 
helpful in view of the complicated 
nomenclature. To find out which dif- 
fusion coefficient is determined in the 
light scattering experiment the reader 
must struggle through the whole devel- 
opment of non-equilibrium thermo- 
dynamics taken from another source, 
In spite of the above reservations, 
this book will be useful as a source- 
book of important theoretical informa- 
tion in specialised research laboratories 
active in a wide range of scattering 
studies, Henryk Eisenberg 





Henryk Eisenberg is a member of the 
Polymer Department, The Weizmann 
Institute of Science, Rehovet, Israel. 





Pion-pion 
interaction 


Pion-Pion Interactions in Particle 
Physics. By B. R. Martin, D. Morgan 
and G. Shaw. Pp. xi+460. (Aca- 
demic: London and New York, May 
1976.) £16; $40.50. 


AT some time during their career, 
most high energy physicists must ob- 
tain some acquaintance with the pion- 
pion interaction, because of its perva- 
sive nature in hadronic physics. In 
future, I will have no hesitation in 
recommending the appropriate 
chapter of this book to them as an 
essential reference. The book provides 
a timely review of the subject, as 
there have been many important de- 
velopments, both experimental and 
theoretical, since the appearance of 
Petersen’s comprehensive Physics 
Reports article in 1971. 

The lack of real pion targets means 
that special techniques have been 
developed to extract data on ar 


scattering. A substantial part of this 
book is devoted to a careful explana- 
tion of these methods and the results 
from recent high precision experi- 
ments. The other major section of the 
book deals with theories and models 
of mr scattering. 

In places the book inevitably re- 
flects the authors’ own approach to 
the field. It is, for example, somewhat 
surprising “that explicit expressions 
for the S and P wave contributions 
to the important Roy equations are 
not included in the otherwise exten- 
sive appendices. In general, however, 
they are to be congratulated on the 
care they have taken in preparing this 
book, which is destined to become a 
standard reference and should be 
available in all high energy physics 
libraries. C. D. Froggatt 


Dr C. D. Froggatt is a Lecturer in 
the Department of Natural Philos- 
ophy, Glasgow University and has 
made many contributions to the 
phenomenology of pion-pion scatter- 
ing. 
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The Differentiatior 
of Cells 


Norman Maclean 





Genetics——Principles and 
Perspectives: A Series of Texts 
Explores the problems of 
cellular differentiation and 
reviews our present 
understanding of this 
intriguing biological 
phenomenon. | 
Publication November 
Cloth £12 Paper £5.95 


Fundamentals of 
Mycology 

J. H. Burnett 

Second Edition 

A completely rewritten and 
expanded new edition which 
brings the book up to date 
with the important advances in 
mycology which have taken 
place over the last nine years, 


Publication November 
Cloth £27.50 


Muscle and Its 
Innervation 


An Atlas of Fine Structure 


Yasuo Uchara, Gordon 
Campbell and Geoffrey 
Burnstock 
168 high quality, electron 
micrographs, accompanied by 
detailed descriptions and very 
extensive reference lists. 
Publication October 
Cloth £35 


Electron Microscopy 
in the Study of 
Materials 
P. J. Grundy and 
G. A. Jones 
The Structures and Properties 
of Solids: A Series of Student 
Texts. 

Cloth £8 Paper £3.75 


The Electronic _ 
Structures of Solids 
Bryan R. Coles and 

A. D. Caplin 


The Structures and Properties 
of Solids: A Series of Student 
Texts 

Cloth £7 Paper £3.50 
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obituary 


Nikolai Ivanovich Muskhelishvili the 


eminent mathematician died on July 
16. He was born on February 16, 1891 


into a remarkable family, of great re- 


nown in Georgian history. His father, 
Ivan Levanovich, was a General in 
the Engineering Corps of the Imperial 
Russian Army, and had interesting 
ideas on the education of children. He 
spent a good deal of time teaching his 
own children-——particularly ‘Niko’ 
whose mathematical ability he recog- 
nised at an early age. Muskhelishvili’s 
mother, too, was a person of great 
culture as well as charm. 

After completing his secondary 
education at the Second Tbilisi High 
School, Muskhelishvili entered the 
Faculty of Physics and Mathematics of 
the University of St. Petersburg in 
1909. His outstanding ability early 
attracted attention, and legends were 
soon circulating among the student 
body of the accomplishments of the 
remarkably gifted young Georgian. He 
graduated in 1914 and in the follow- 
ing year presented a diploma thesis of 
such merit that he was invited to be- 
come research assistant to Gurii 
Vasilevich Kolosov, a pioneer in the 
application of function theory to plane 
problems in elasticity. It was Kolosov 
who guided Muskhelishvili’s first steps 
in the subject which in the next sixty 
years he was to revolutionise and 
dominate, and, in the process, to 
influence critically much of the de- 
velopment of mathematics (both pure 
and applied) in the USSR. One of his 
first papers, Sur 
Péquation biharmonique, published in 
1919, gave a foretaste of the simplicity 
and elegance which were soon to be- 
come the distinguishing features of 
everything he wrote. As with most of 
his later writings on elasticity, the 
problem considered was of great 
practical as well as 


Applications for training fellow- 


ships in 1977-1978 are invited 
from junior scientists wishing to 
be trained in any aspect of labora- 
tory and clinical cancer research, 
especially in epidemiology, bio- 
Statistics and environmental car- 
cinogenesis—both chemical and 
viral. Apply to: The Chief of the 
Research Training and Liaison 
Unit, International 
Research on Cancer, 150 cours 
Albert-Thomas, 69008 Lyon, 
France, 


Pintégration de 


mathematical. 
interest, for a special case considered ` 
by Muskhelishvili proved to basic | 
to the theory of brittle fracture in thin 


Agency for 


plates. 

In 1917 Muskhelishvili was appointed 
an assistant in what was now the Uni- 
versity of Petrograd and two years later 
was promoted to an instructorship. It is 
typical of him that in the years 1915- 
1920 he gave a great deal of his time 
and energy to teaching in other institu- 
tions of higher learning in Petrograd 
which, because of the troubled times, 
were experiencing grave staffing 
problems. 

When the university of Tbilisi was 
founded, he was invited fo join the 
faculty. He returned to his homeland in 
1920 and remained there until his 
death. Soon after his return to Georgia, 
Muskhelishvili assumed the role of 
leader of Georgian mathematics and 
created in Thilisi one of the chief 
mathematical centres in the world. 
Initially, the group concentrated on 
the mathematical theory of elasticity, 
but later, comparable effort was put 
into important fields of analysis. Many 
of the famous names of Soviet mathe- 
matics appear in the records of the 
Tbilisi group and many more were 
influenced by the great stream of 
papers and research monographs which 
flowed from it. 

Muskhelishvili’s own research con- 
tributions were almost entirely in the 
theory of plane elasticity and in the 
theory of singular integral equations, 
but it was not only those branches of 
mathematics most directly connected 
with his own research interests that 
he sponsored. To take only one 
example: it was through his active 
support that the Georgian school of 
topology was founded and nurtured in 
its early years. 

During this period of intense scientific 
activity extending over half a century, 
Muskhelishvili was tireless in his efforts 
to organise efficiently scientific activities 
in Georgia. He gave devoted service to 
the Academy of Sciences of the 
Georgian SSR, and from his election 
in 1939 as a full member of the 


Person to Person 


Up to five awards ($10,000— 
$13,600) may be made to Austra- 
lians for training for research in 
health-related fields (broadly in- 
terpreted) in any medical or bio- 
logical laboratory in the USA. The 
candidate must have made satis- 
factory arrangements with a 
laboratory in the United States at 
which he proposes to train. Apply 
to the Australian Academy of 
Science by October 15. 


Academy of Sciences of the USSR he 
served repeatedly on its Presidium. 
When the National Committee of the 
USSR for Theoretical and Applied 
Mechanics was established in 1957 he 
was the obvious choice for its Chair- 
man and he served long in that 
capacity, with the representation of the 
USSR on various international bodies 
which that office involves. 

Muskhelishvili was influential in 
wider circles than the scientific. Believ- 
ing that a university professor should 
participate fully in the life of his 
country he was active in the political 
field; among the offices he held was 
Deputy of the Supreme Soviet of the 
USSR. 

For his scientific work and for the 
significant role he has played in the 
development of Soviet science, Musk- 
helishvili received many awards and 
honcurs, from his own government and 
from foreign institutions. Those who 
were privileged to know him and his 
family values the memory of his friend- 
ship and his gaiety, recall with affection 
the delights of his companionship as 
much as his incisive judgment on 
scientific questions. Future generations 
will know him only from his research 
papers and his two great monographs 
Basic Problems in the Mathematical 
Theory of Elasticity and Singular 
Integral Equations which achieve the 
seemingly incompatible aims of creating 
a satisfying unified theory and at the 
same time pointing the way to new 
realms of enquiry. 

In all his published work Musk- 
helishvili showed that he was both a 
pure and an applied mathematician. 
The ‘applied’ aspect of his nature was 
shown by his willingness to look at 
problems of real practical significance, 
the ‘pure’ in the rigorous analysis to 
which he subjected the problems 
thrown up by his investigations into 
mechanics. 


I. N. Sneddon 


To help prepare a bibliography of 
Costa Rican Entomology, would 
anyone working in this field send 
reprints or references to Prof, 
Luis Fernando Jirén, Faculty of 
Microbiology, University of Costa 
Rica, Costa Rica. 


There will be no charge for this service. 
Send items (not more than 60 words) to 
Martin Goldman at the London office. The 
section will include exchanges of accommo 
dation, personal announcements and scientific 
queries. We reserve the right to decline 
material submitted. No commercial trans- 
actions, 
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Take your time, 


Like a good thriller, the Royal Com- 
mission on Environmental Pollution’s 
report on the environmental risks of 
nuclear power, published: last week, 
gives relatively little away in its early 
chapters, With the greatest of care (and 
surely such a readable report deserves 
a wider audience than the Stationery 
Office is accustomed to delivering) the 
scene is set in what could serve as an 
intelligent layman’s guide to nuclear 
energy. A little pat on the back here, 
a modest rebuke there; a new~com- 
mittee suggested, «a possible 
in interdepartmental’ responsibilities 
pointed out. Then, with the end of the 
book almost in sight the action 
quickens—in a somewhat unpredict- 
able way-~and the final pages are 
highly controversial. 

The commission, chaired for the 
duration of the preparation of this 
report by Sir Brian Flowers (though 
now headed by Professor Hans Korn- 
berg), has as its remit to advise. on 


environmental pollution, on research,. 


and on future dangers to the environ- 


ment. The projected growth of the civil | 


nuclear power programme, with all the 
associated general concern. over pos- 
sible radiological hazards, stands out 
asan appropriate field of study for the 
commission, particularly with pressures 


growing for an early government deci-. 


sion on major investment in a demon- 
stration. commercial 
actor (CFR). The report has come none 
to soon; authorisation to go ahead 
with the design for the first CFR— 
popularly known as CFR-1l—was being 
sought from the Energy Secretary, Mr 
Benn, by the United Kingdom Atomic 
Energy oe (URATA) within a 


tion of the report “will give Mr Benn 
good cause to delay his decision. Care- 
ful analysis of the commission’s argu-. 


ments could conceivably persuade him 
that clearance for CFR-1 would be an 
unwise option. For the widespread im- 





gap 


“rather than slow, 


cbe very, compact. 
starting. fuel. must be a mixture of 


ing difficulties © ‘are not 
already prototypes have been built or 


fast-breeder re- veg 


r Benn 


plications of such. commitment, even 
to just one CFR, will greatly over- 
shadow even the implications, little 
realised at the time, of commitment to 
building Concorde. 

sAt first glance the benefits of fast 


breeder reactors seem overwhelmingly 
- attractive. 
“nuclear reactors are fuelled primarily 
by fissile uranium-235. 


All present-day thermal 
Even so, non- 
fissile uranium-238 is by far the 


dominant isotope in the fuel elements, 


and thermal reactors convert some of 
. like . 
` utanium-235, is fissile, But only: a small 


this to plutonium-239 which,,. 
amount is converted. This is where fast 
breeder reactors steal an advantage: 
they “breed” more fissile material in 
the form of plutonium-239 than is lost 
in the form of uranium-235, Obviously, 
this requires a major, rethink of re- 
actor design’ A high density of fast, 
“thermal”, neutrons 
is required, and the reactor core must 
Consequently, the 


plutonium and uranium. The engineer- 
insuperable; 


are under construction, not only 
JK, but also in France, 
Union, the ‘US, and. West Germany. 
Full-scale, commercial 












charge of fissile uranium and pluto- 
nium, never need specially enriched 
fuel, being able not only to. run on 
depleted fuel from thermal reactors but 





thermal reactors. All of which looks 


immensely attractive as a medium term 
‘prospect for nuclear power stations. _ 


Except for one catch: all the plu- 
tonium which will be rounds: By the 
early 21st century, according to some 
scenarios, the world will be geared to 
a plutonium economy, with the deve- 
loped nations satisfying their energy 


theory”, | 
‘effects of smoking on lung clearafice 
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fast breeders 
„would probably run at above the 1,000 


nd would, “after the “Unitial. 


requirements by using and circulating 
plutonium—a highly toxic metal quite 
easily convertible into nuclear wea- 
ponry. The commission accordingly 
devotes much of its attention to thet 
problems that the plutonium economy 
throws up. It also, however, uses the 
opportunity of the report to review 
many other matters, such as radio- 
logical standards and waste: manage- 
ment, which still needs serious 
attention regardless of any decision on 
the CFR. i 

The report first reviews what 1s 
known in radiobiology, with particular 
attention to plutonium. The present 
maximum permissible body burden is 
0.6mg, and the commission does not 
consider this standard tò be, seriously 
in error. In reaching this decision it 
had to consider the “hot ‘particle 
Gofman’s analysis of the 





rates, and assertions that deaths from 
leukaemia among workers at the 
Windscale reprocessing plant in Cum- 
bria were significantly high. For the 
first two, independent cofisultants were 


brought in, for the: third. the National 


Radiological Protection Board (NRPB) 
produced a paper, and, as a result, fears 
of any serious error in radiological 
dismissed in every case. 
The consultants’ reports have not been 
published nor even promised, and many 
will want to suspend judgment until 
they are openly available. 

Next, the commission looks at how 
radiation standards are arrived at and 
enforced. The way that the Inter- 
natio: nal Commission on Radiological 
Protection reaches decisions is deemed 
satisfactory—-the ‘UK already fully 
accepts these standards. But there is 
some feeling that the NRPB, “a 
national point of authoritative re- 
ference in radiological protection” , is 
not fulfilling a sufficiently central role, 
largely because it is fairly new while 
other bodies concerned ‘with nuclear 













360 


power still have much in-house ex- 
pertise. The commission recommends 


that consultation with the NRPB 





should become mandatory and that th 


NRPB should be statutorily responsible 
for endorsing basic standards. Further, 


the NRPB should provide the focal 
point for coordinating research into 
radioactivity in the environment, which 
is at present well done in the marine 
environment by the Fisheries Research 
Laboratory, but only patchily covered 


in the atmospheric and terrestrial en-~. 
vironments. More work is also pointed | 


towards the NRPB in the monitoring 
of radiation workers and of discharges. 

If the comments on standards are 
relatively soothing, the pace of the 
report quickens a little when it comes 
to waste management. It is here, of 
course, that emotive issues—~‘‘leaving a 
radioactive time-bomb as a legacy for 
countless generations” and so on— 
could crop up. The commission 
asserts that “there should be no com- 
mitment to a large programme of 
nuclear fission power until it has been 
demonstrated beyond reasonable doubt 
that a method exists to ensure the safe 
containment of long-lived, highly radio- 
active waste for the indefinite future”. 
It also makes it clear that the method 
does not yet exist. Lower levels of 
> radioactivity are also considered and 
one or two comments made, particularly 
about the less than highest standards of 
housekeeping observed during the com- 
mission’s 1974 visit to Windscale. But 
it is the high level wastes, mainly fis- 
sion products, at present in tanks at 
Windscale which get most attention. 
Vitrification is ‘seen as indispensible; 
development started. in the Jate 1950s, 


but will not be commercially available. . 


until 1985 (there was a strange period 
of inactivity in the 1960s). Final dis- 
posal of the 15-tonne cylinders (a mag- 
nox reactor generates three tonnes a 
year in the UK) is the real problem. 

The commission quickly rule out 


space rockets, subduction at ocean 


trenches, deep burial in Antarctica, and 
the time-honoured means.of, disposing 


of ships’ waste—over the side. Burial 
her on land or , 
down specially drilled holes at sea. Sur- ~ 


is seen as essential, eithe 


prisingly little research has been done 
in the UK on these options (maybe tlfat 
is why they still seem attractive! ), and 
the commission is critical both of the 
UKAEA and British Nuclear Fuels 
Limited for their complacency. It 
poses that a Nuclear Waste D posal 
Corporation be formed to get on with 
the job. 

The two issues that get most head- 
lines in connection with plans for wide- 


spread nuclear development are the “ 


possibility of serious react rr. accidents 





and the risk of illicit activities. In both 
of these fields the commission acknow- 
ledges itself to be straying well outside 










“tions need careful 


its brief, so its views can only really 
be those of a collection of very well 
informed laymen. Nonetheless, the 
chapters on these subjects, particularly 
n the latter, are important in that 
they provide a more total approach 
than is likely to appear in official dis- 
cussions elsewhere. 7 

Any assessment of the threat that 
terrorists could pose if a plutonium 





economy becomes established, or that 
‘security measures could pose to civil 


liberties is extremely difficult, and the 
commission rightly does littl more 
than spell out some of the problems— 


it provides no cut and dried answers: 


On balance, the likely effects on civil 
liberties do not on the surface look 


serious in a generation used to all sorts 


of screening. But Sir Brian Flowers has 
already remarked that every wedge has 
its thin end, and even while the pre- 
sent arming of nuclear security guards 
must be seen as an eminently sensible 
move, the ultimate long-term implica- 
assessment. The 
terrorist threat looks more obviously 
bleaker. Would it be possible to site.a 


fast-breeder in Northern Ireland? Is- 
the rest of the UK immune from ter © 
rorist threats, bearing in mind’ that 





terrorist groups could be fed informa- 


tion by other states with nuclear 
capabilities? And the question ig am- 
evitably a world problem—if the UK 


opts for a plutonium economy it may... 
significantly encourage other countries | 


with less political stability to do like- 
wise: even a terrorist attack in just one 
country would have worldwide reper- 
cussions. Still, the report carefully 
avoids judging these complex human 
questions, merely listing the potential 
dangers. But then, in a quite unex: 


pected development, it proceeds to 


cast severe doubts on fast breeders. > 


The sudden ‘switch comes in the. 
chapter on energy strategy, and the 


argument runs, like this. The Depart- 
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on the investment prospects, becomes 
the Fine. Arts Commission and declares 
power stations a. substantial 
adverse effect on amenity, and reverts 
to environmental commission to declare 
in three paragraphs that the heat might 
affect the climate. There thus appear 
“very considerable environmental ob- 
jections to the high-nuclear, high- 
electric future”. The feeling is rather 
as if a referee, after arbitrating over a 
goalless draw for 89 minutes, suddenly 
decides to boot the ball into the net to 
break the deadlock. Once the label 
“environmental objections” has been 
pinned on to one DEN scenario $ 
(although many otħer scenarios have 
been. published—even down to a non- 
nuclear future) the rest of the report 
becomes coloured by a general opti- 
mism on alternative sources. Coal, of 
course, would bear the brunt of the 
load: and it is noticeable how the im- 
mense radiological protection lavished 
on nuclear workers is note matched by 
any comparable health concern for the 
miners who will have to dig the coal up. 

One feels that with one hasty glance 
at 2025 the commission has made its 
mind up on the delicate issue of fast- 
breeder reactors—they should be intro- 
duced.“only if demonstrably essential”; 
in the meantime money should be 
directed towards other technologies, 
notably fusion (though it is not clear 
that fusion research would benefit from 
a diversion of even a little of the 
£2,000 million that might eventually 
go into CFR-1), and international col- 
laboration should be sought out for 
fast breeder development. . 

So where does this leave Mr Benn? 
The nuclear industry claims that it 
needs early decisions; the commission 
urges delay. Even though some of the 
commission’s otherwise excellent rea- 
soning is marred by sloppy thinking, the 


-issues raised must give Mr Benn pause 


ment. of Energy (DEN) has made: 


-various energy demand forecasts for 


the. next 50 years based on reasonable 
srowth assumptions. In the most fav- 
oured current version electricity con- 
sumption more than trebles by 2025: 


104GW of nuclear electricity are, o 
needed by 2000 rising to 36 GW 25 __ 


low grade heat. e | 
In a couple of “breathtaking pages 
the commission becomes merchant ban- 


ker and declares itself “very doubtful” 


for thought. The question that un- 
doubtedly is central in his mind 1s 
whether the technological momentum 
that will becbuilt up by commitment to 
CFER-1 is stoppable if the warning bells 
begin ‘to ring. Unless he can devise 
a and until the 





_ already gained since the report’s publi- 


“that the decision planned for October 


will now wait until at least the end of 
the year) must be seen to be more 
than just a token delay. 
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Soviet dissidents (1) 


- He who would dissident be 


Why do so many Soviet scientists become dissidents 
and refusniks? Vera Rich considers the question 


ONE of the paradoxes of contem- 
porary Soviet ‘opposition’, whether 
it comes from dissidents proper, who 
campaign for improvement of the 
system from within, or from the Jewish 
refusniks, whose only wish regarding 
the Soviet Union is tò leave it for 
Israel, is the presence of large num- 
bers of those who might be expected 
to benefit most from the status quo— 
scientists. In a culture which bases its 
whole economic policy on the “imple- 
mentation of the scientific technological 
revolution” and which, with its total 
state control of all resources, can allot 
virtually unlimited funds to a favoured 
research project, the position of a 
scientist, one might feel, is surely such 
as to ensure all the fringe benefits which 
Soviet society affords its elite—access 
to privileged shops, better housing, 
Black Sea holidays, and the like. Yet, 
by the kind of paradox which character- 
ises so much of Russian history, -it is 
partly this privileged position that has 
led to the development of dissidence 
among scientists. 

The story begins back in the late 
1940s when Stalin, having ‘abolished’ 
Mendelian genetics throughout the 
Soviet Union, and replaced it with the 
peculiar notions associated with the 
name of Lysenko, turned his attention 
to modern physics. Since the basic 
tenets of relativity theory and quantum 
mechanics seemed, in the opinion of 
certain favoured theoreticians, contrary 
to Marxism-Leninism, Stalin aimed to 
confine physics research to what was 
congruous with Newtonian mechanics. 
But a small group of physicists, notably 
Kurchatov, Kapitsa and Vavilov, man- 
aged to convince him that without 
modern physics he could expect neither 
nuclear power, nor, and this was the 
clinching argument, a nuclear arsenal. 
Modern physics was accordingly per- 
mitted to continue, although, until 
Stalin’s death, textbooks were liable to 
contain face-saving clauses to the effect, 
for example, that the second law of 
thermodynamics was “ʻa local pheno- 
menon in this part of the universe”. ' 

Having protected their own discipline 
from destruction, it was perhaps 
natural that physicists should come to 
the aid of their less-fortunate scientific 
brethren, the harassed geneticists, in 
their fight to re-establish genetics as 
a valid field of research. Lev Tumer- 
man, a physicist working on the 
luminescence of organic molecules, was 
instrumental in arranging the first 


seminar on chromosomes, held in the 
Lebedev Physics Institute during the 
late 1950s, while in 1959, Timofeev- 
Resovskii gave his first genetics lecture 
in Kapitsa’s Institute. And in the great 
debate of 1964, which finally crushed 
the attempted resurgence of Lysenko- 
ism and re-established genetics as a 
branch of Soviet science (although it 
did not receive ‘priority’ funding for 
another 10 years), certain physicists, 
notably Andrei Sakharov, played a 
significant role. 

From the defence of a single scien- 
tific discipline to a deep involvement 
with human rights as a whole is, how- 
ever, a great step to take. But a number 
of factors in Soviet society established 
a climate for dissent. The phenomenon 
of samizdat—‘do-it-yourself’ publishing 
and distribution, to sidestep official 
censorship—treaches far back into the 
19th and 18th centuries, and it received 
a new impetus with the mushrooming 
availability of typewriters and, on 
occasion, photocopiers. The education 
reforms of 1958 which, in effect, made 
Russian virtually the only language of 
higher education and academic life, 
produced great discontent among the 
non-Russian republics of the Union, 
notably Ukraine and the Baltic States. 
The highly anti-Israeli attitude of the 
Soviet media at the time of the Six- 
Day War for the first time impressed 
upon Jewish intellectuals an awareness 
that Israel was not merely a paper 
creation (on the lines of the Soviet 
‘Jewish homeland’ of Biribidjan). Israel 
at last came to be seen as a viable 
alternative society where Soviet Jews 
might live and work unhampered by the 
many disabilities which (de facto, and 
in contradiction to the Soviet constitu- 
tion) are still the lot of those with 


“Jewish nationality” stamped in their 


internal Soviet passport. 

But samizdat was, originally, the 
province only of the more daring 
creative writers, while the problems of 
minority nationalities had always been 
endemic to the multinational Russian 
empire. And except in a few cases, such 
as the promising Ukrainian school of 
cybernetics, little was lost to Soviet 
research when the language of instruc- 
tion and publication was officially 
changed—a_ scientist, after all, must 
expect to read and, on occasion, to 
publish, papers in languages other than 
his own. Why then this great -participa- 
tion by the scientists in the human 
rights movement and dissidence? 
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Kronid Lyubarsky, 5-year sentence 


Andrei Sakharov, the acknowledged 
leader of scientific dissidence, has given 
his own account. Though he originally 
viewed nuclear balance as an important 
factor of world peace, he subsequently 
began, as early as 1958, to agitate for 
the cessation of nuclear testing. The 
reason for the switch was clear. He 
became convinced that no further 
benefits could be gained from such 
tests, believing that the sole outcome 
would be nothing more than an in- 
crease in the natural level of genetic 
hazard. The fundamental change of 
attitude undergone by Sakharov by the 
early 1960s led to his concern about 
the ‘criminal nature’ not only of the 
tests but of the whole concept of 
nuclear weaponry. Beset with a sense 
of helplessness he devoted an ever- 
increasing amount of time first to 
samizdat writings (the 1968 monograph 
Thoughts on Progress, Coexistence, 
and Intellectual Freedom, and the 
Second Manifesto of 1970), and later 
to appeals on behalf of fellow dissidents 
threatened or imprisoned for their 
views and activities. 

There is no doubt that Sakharov’s 
personal charisma became a major 
factor in drawing together the little 
group who formed his illicit ‘human 
rights’ movement, and its subsequent 
off-shoots—the Moscow branch of 
Amnesty International and the ‘Hel- 
sinki monitoring’ group. Among Sak- 
harov’s associates are such leading 
lights as the physicists Valentin Turchin 
and Andrei Tverdokhlebov, the math- 
matician Valerii Chalidze, and the bio- 
logist Sergei Kovalev. 

But what of the many others who 
did not at first have any personal con- 
tact with the great names of the dissi- 
dent world? Some general trends may 
be distinguished. First, many students 
turn originally to science not so much 
from a personal preference for the 
subject as such, nor from hopes of a 
prestige job, but because science offers 
the hope of academic freedom, so 
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patently absent from the humanities 
which are dominated by the hard-and- 
fast requirements of Marxist-Leninist 
ideology. This expectation may remain 
unfulfilled—-Soviet medical students are 


often disillusioned with psychiatry and- 
psychology lectures based on Pavlovian — 


behaviourism and a rigid definition of 
what constitutes ‘normality’. Moreover, 
even in the absence of such specific 
disillusionment, the Soviet scientific 
establishment itself produces an atmos- 
phere of frustration. 

Travel to conferences abroad (or 
even, in some cases, within the Soviet 
Union) is frequently blocked by barriers 
of officialdom open only to the fav- 
oured few. Foreign publications cannot 
be obtained on subscription and are 
often inaccessible in libraries except to 
those with special security clearance. 

The classic story of frustration re- 
counted in The Medvedev Papers is by 
no means unique. The Soviet system 
makes no allowance for serendipity—a 
frequent complaint from young re- 
searchers is: “They expected me to 
order all the equipment and reagents 
before [ started, but if Pd known 
exactly what I wanted, I wouldn’t have 
needed to do the experiment”; or, “The 
official supply system is useless. You 
can only get on if your laboratory has 
a good ‘fixer’ who can arrange a swap 
with someone who has what you need.” 
(This latter difficulty leads to deliberate 
over-ordering and the development of a 
system of polygonal bartering, involving 
several laboratories at a time.) 

Such frustrations may eventually lead 
scientists to work more actively for 
human rights, even at the cost of a 
secure career. Vladimir Bukovskii, a 
biology student expelled from Moscow 
University for his dissident views, be- 
came the first prominent campaigner 
to focus world attention on the misuse 
of psychiatry by a regime aiming to 
equate dissidence with insanity. At the 
very least the frustration which so 
motivated Bukovskii may lead to a state 
of mind describable as “‘passive dissi- 
dence”, creating a ready readership for 
available samizdat material. It should 
be remembered, of course, that even 
the temporary possession of samizdat 
material is a serious offence. Biologist 
Nina Strokata-Karavan’ska, for ex- 
ample, served a four year sentence for 
possession, and is still exiled from her 
native Ukraine. Similarly, Sergei Kova- 
lev, another biologist, is serving a 7-year 
sentence in a strict regime camp. 
(Kovalev, a member of the Moscow 
Amnesty group was curiously charged 
with possession of the illegal Chronicle 
of the Lithuanian Catholic Church, 
although he is neither a Lithuanian, 
nor, so far as is known, a Catholic). 
Even greater penalties can be involved. 
Astrophysicist Kronid Lyubarskii, is not 
only serving a five year sentence— 


moves are now afoot to deprive him of 
his academic degree. 

For a Jewish scientist, however, dis- 
content typically results in an applica- 
tion to emigrate to Israel. (As a con- 


venient one-way ticket out of the Soviet 


Union, this opportunity is occasionally 
afforded to troublesome non-Jews, such 
as Leonid Plyushch, the Ukra'nian 
mathematician.) But emigration is by 
no means an easy option. Successful 
applicants often indicate that the 
obstacles placed in their way actually 
intensify their Jewish consciousness, so 
that Israel becomes a positive perma- 
nent goal rather than merely the only 
available sanctuary. Once an applica- 
tion is placed, a whole chain of sanc- 
tions are imposed. Job dismissal is 
virtually automatic—with a consequent 
long-term loss of access to all pro- 
fessional publications and loss of 
contact with new specialist develop- 
ments. (It was in an attempt to maintain 
at least some semblance of scientific 
life that Aleksandr Voronel founded 
the famous Sunday seminars). The 
authorities can throw up a whole 
battery of reasons for refusing exit 
visas. These include military service 
(often invoked in the case of over-age 
invalids, such as Mark Azbel, Voronel’s 
successor as leader of the Sunday 
seminars); security restrictions (even in 
fields where the Soviet Union is not 
noticeably ahead of, or even abreast 
with, developments elsewhere): and the 
notorious ‘education tax’ (waived since 
the Nixon visit to Moscow, but never 
actually revoked) which required the 
payment of an extortionate sum, 
allegedly equal to the estimated cost of 
an applicant’s university and post- 
graduate studies. 

Reprisals may extend to relatives. 
Metallurgist Evgenii Reinberg was ex- 
pelled from the Communist Party, and 
subsequently from his academic post, 
when his son applied for a visa. Endo- 
crinologist Mikhail Shtern, now serv- 


ing an 8-year sentence for “accepting 


bribes”, was actually told that the 
accusation was made “in connection 
with your family’s desire to emigrate”. 
And, of course, dismissal from one’s 


‘job involves the constant threat of 


arrest for ‘parasitism’, or being without 
visible means of support, a threat 


directed particularly often, it appears, — 


at the members of Azbel’s seminar. 

Needless to say, a refusnik scientist 
shares the same disabilities as a dissi- 
dent where international conferences 
are concerned. The recent absence of 
Benor Gurfel from the European meet- 
ing of the Econometrics Society in 
Helsinki, and of Academician Venia- 
min Levich from the Annual Meeting 
of the International Society of Electro- 
chemical ‘Scientists in Zurich, are cases 
in point. 

‘Active’ dissidents and refusniks con- 
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stitute, however, only a small part of 
the Soviet scientific community— 
indeed, a main campaigning point for 
refusniks is that, since they are by no 
means irreplaceable, the Soviet Union 
can well afford to let them go. (Thus, 
such vocal and embarassing dissidents, 
as Chalidze, Zhores Medvedev, and 
mathematician Aleksandr Esenin- 
Volpin, have been forced into exile.) 
So what of the bulk of the scientific 
community? 

The overwhelming majority of scien- 
tists, it may be said, seem to find relief 
from discontent and frustration in 
‘inside emigration’~-a complete absorp- 
tion with work (although even that is 
a kind of dissent, since, according to 
Pravda, “a scientist’s first duty is to be 
a patriot’, with all that patriotism 
demands in voluntary community ser- 
vice and attendance at meetings and 
hortatory or celebratory rallies). The 
silent majority is, as everywhere, com- 
pletely silent. Nevertheless, the scien- 
tific establishment still preserves some 
vestiges of independence from the State. 
The Academy of Sciences is the only 
remaining body in the Soviet Union to 


exercise the right of elections by secret 


ballot without official intervention 
(though it must be admitted that its 
current President, Aleksandrov, was 
nominated by the Party, before being 
duly elected). In spite of periodic press 
campaigns against Academician Andrei 
Sakharov, and in spite of the refusnik 
status of Corresponding-Academician 
Levich. the Academy has not, so far, 
expelled either. A two-thirds majority 
is needed for expulsion, and the lack of 
action so far indicates a degree of un- 
certainty as to how far dissidence, or 
fellow-feeling for dissidents, might 
spread. 

In this situation of frustration, it 1s 
small wonder that so many appeals, 
whether from dissidents or refusniks, 
call upon the world scientific com- 
munity to take some action on behalf 
of harassed Soviet colleagues. The 
appeals are wide-ranging. Scientists in 
the non-communist world may be 
urged to plead for clemency for vic- 
timised Soviet scientists on trial. They 
may be urged to press for reviews of 
particularly harsh verdicts against those 
already convicted. Or they may simply 
be asked to request visas for specialists 
wishing to attend international con- 
ferences. A recent statement from 
the US Committee of Concerned 
Scientists stressed that these actions 
are more than gestures of common 
humanity towards distressed colleagues. 
When a scientist is for any reason 
prevented from working, the research 


he might have done is “irrevocably 
Jost to science”; the fate of dissident 


and refusnik scientists affects not only 
Soviet science, but also the whole 
worldwide scientific community. C 
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Keeping the flame alight 


Robert Adelstein participated in the Moscow Seminar 
earlier this year. Here he describes his experience 


6c THE West is serving as a witness 
to our scientific death. This is 
the whole point of the Soviet policy, 
to doom us forever as scientists”. The 
speaker was Mark Azbel, head of the 
best known Moscow Seminar of dissi- 
dent scientists. The words were the 
emotional highpoint of an impassioned 
closing speech delivered earlier this year 
during an extraordinary session of the 
seminar. For five days Hershel Marko- 
vitz, a Professor of mechanics and 
polymer science, and I, a biochemist, 
shared in the science, thoughts and 
experiences of the seminar members. 

We had arrived in Moscow six days 
earlier not only to participate in the 
Moscow Seminar, but more important, 
to express the continuing interest of 
western scientists in their less fortunate 
colleagues. Any prior doubts we had 
about the impact of a visit by two 
relatively unknown scientists were 
quickly dispelled by the overwhelming 
reception we received. In honour of 
our arrival it was decided to hold a 
‘symposium’ during which we would 
deliver three papers each and the 
Russian scientists would contribute ten 
of their own. We would meet every 
day for 3—4 hours of formal science 
followed by informal discussions about 
the status and problems of dissidents. 

The Moscow Seminar on Collective 
Phenomenon, as it is officially known, 
convenes every Sunday at 12 noon in 
the sparsely furnished apartment of 
Mark Azbel. (It is one of six different 
seminars of dissident scientists conven- 
ing in Moscow at present.) It comprises 
approximately 30 scientists drawn from 
various disciplines: physics, mathe- 
matics, cybernetics, electrochemistry, 
biophysics and molecular biology. But 
despite their differences in training the 
scientists all share one common 
attribute—they have applied for an exit 
visa to Israel and the visa has been 
refused. They are refusniks. 

With very few exceptions refusniks 
are fired from their jobs and forced to 
eke out a living either by tutoring 
privately or by securing menial, non- 
scientific work. They are denied access 
not only to laboratories, but also to 
libraries, where their names are re- 
moved from published works, and 
where the books they have written are 
removed from the shelves. Reference 
by Soviet scientists to their published 
works is forbidden. They are denied 
official permission to publish scientific 


papers in the Soviet Union or to mail 
them abroad to foreign journals (though 
papers can, of course, be smuggled 
out). Incoming mail, particularly from 
abroad, is interrupted. Telephones are 
often disconnected. Attendance at 
scientific meetings at home or abroad 
is forbidden. And refusniks are often 
ostracised by former colleagues and 
harrassed by the KGB. The price of 
applying for an exit visa is high enough 
to discourage many would be emigrants. 

Yet occasionally, in a pattern that 
defies discernment, a refusnik is re- 
leased. My first visit to the Moscow 
Seminar had been in August 1972, the 
year it was first organised by 15 scien- 
tists because of “an urgent fear that 
we would lose our scientific standing, 
together with the loss of our employ- 
ment”. The words were spoken by 
Alexander Voronel, at whose apart- 
ment the seminar was convened. Three 
years after applying for his visa, 
Voronel was permitted to emigrate and 
is now a Professor of Physics at Tel 
Aviv University in Israel. 

I remember sitting in Voronel’s 
apartment with Benjamin Levich—a 
refusnik, a corresponding member of 
the Soviet Academy of Science, and a 
world-renowned electrochemist—to- 
gether with his two sons Alexi and 
Yevgeny. His sons now live in Israel— 
though Yevgeny, a physicist, was in- 
carcerated for a year in an Arctic 
Circle prison camp before being granted 
a visa. But their father and mother still 
await visas, despite Soviet promises to 
release them in October 1975. 

My latest visit, in late winter, started 
on a Friday in a Moscow still blanketed 
with snow. My arrival with Hershel 
Markowitz, earlier in the day, was un- 
eventual except for an extremely 
thorough search of our 
customs. Interestingly, the only reading 
matter which aroused enough curiosity 
to require further perusal by a higher 
official was not a month’s supply of 
Nature and Science along with assorted 
scientific texts, but a Moscow guide 
book published in 1974 in the USA. It 
was our sole encounter with Soviet 
officialdom. 

Later that night I journeyed by sub- 
way to the apartment of Irene and 
Victor Brailowsky—she a mathe- 
matician and he a cyberneticist—both 
of whom are members of the seminar. 
Arrangements were made to notify the 
seminar of our arrival (no easy task 


luggage at 
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Victor Brailowsky, harassed and 
threatened 


since telephone communication was not 
possible) and to meet on Sunday for the 
trip to Azbel’s apartment, which is 
located on another side of the sprawling 
city. 

Mark Azbel greeted us enthusiastic- 
ally on our arrival at his apartment. 
The balding, red-haired leader of the 
group looks considerably older than his 
43 years. His whole manner reflects 
warmth and a certain dynamic intensity 
which seems to inspire the group 
whether discussing science or politics. 
After our introduction to the group— 
most in their 30s and 40s and much 
younger than I had imagined, we were 
joined by Benjamin Levich. A schedule 
for the ‘symposium’ was quickly drawn 
up, it being agreed to meet in Azbel’s 
apartment every evening at six o’clock 
with the exception of Wednesday, 
when we would meet at Levich’s. This 
would allow us to meet with some 
physical chemists who only attended 
Levich’s Wednesday seminar, and with 
Alexander Lerner, like Brailowsky a 
refusnik cyberneticist. In one of the 
best examples of how international co- 
operation among scientists can force 
the Soviets to alter their policy, Lerner 
was permitted to attend an international 
meeting in Tbilisi, USSR, in August 
1975, after western scientists threatened 
to boycott the conference. 

The seminar on Sunday was brought 
to order by Azbel, raising his voice in 
a manner that brought to mind Moses 
at the Red Sea: ““Yehudim Sheket”— 
literally, “Jews be quiet” (I have the 
impression that those are the only two 
Hebrew words he knows). Together, we 
covered a wide range of topics. Hershel 
Markowitz dealt with polymer rheology 
as well as with linear and non-linear 
viscoelasticity. I dealt with contractile 
proteins in muscle and non-muscle cells. 
Azbel discussed the decoding of DNA; 
Levich, charge transfer reactions in 
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solution; Victor Brailowsky, an algo- 
rithmic approach to diagnostic and 
prognostic medicine; Felix Lerner, 
electromicroscopy of muscle phosphory- 
lase; and Edward Trifinov some bio- 
logical consequences of clustering of 
pyrimidine photodemers in DNA. All 
of the lectures were presented in 
English, and translated into Russian 
for five or six seminar members who 
did not understand. 

Trifinov, a 39-year-old survivor of 
the World War II blockade of Lenin- 
grad, whose father died in a Stalin 
camp, teaches his own course in 
molecular biology attended by the 
children of dissident scientists, among 
others. His first lecture coincided with 
the third day of the symposium, and 
he was terribly excited when I pre- 
sented him with my last minute pur- 
chase, a new edition of Watson’s 
Molecular Biology of the Gene. 

At the conclusion of our first lecture, 
Azbel presented Hershel Markowitz and 
me with commemorative pins labelled 
with the initials MSCP—-Moscow Semi- 
nar on Collective Phenomenon. The 
pins, awarded to all seminar lecturers, 
contain two lines symbolising uncoiled 
DNA and a balance—which Azbel 
pointed out as the “scales of justice”. 

Each evening when the scientific 
seminar was concluded, we gathered 
around a table for a snack, usually 
consisting of bread, cheese and fish, and 
the informal seminar commenced. 
Next to talking science, we spent most 
of our time discussing the plight of the 
dissidents, particularly why they had 
applied to leave, and what scientists in 
other countries could do to help, The 
two most frequently cited reasons for 
leaving were antisemitism and the cor- 
ruption of scientific research by politics. 

According to the members of the 
seminar, anti-semitism has become a 
sanctioned policy of the Soviet Govern- 
ment, manifested in the systematic 
exclusion of Jews from the better uni- 
versities such as Moscow State. More- 
over, Jews are being denied access to 
many professions so effectively that 
Alexander Lerner, who before his dis- 
missal occupied an extremely important 
position, told me he applied to leave 
because “there is no future here for 
my children”. _ 

As scientists, Jews find the situation 
in the Soviet Union intolerable because 
scientific research is so enmeshed in 
politics. Promotion, or even survival in 
one position, requires constant political 
clearance, which in turn requires scien- 
tists to advocate political positions and 
sign political statements that they com- 
pletely disagree with or know to be 
patently false. 

So how can other scientists help? 
The seminar members stressed several 
possibilities. First, continued pressure 
must be maintained on the Soviet auth- 


orities to allow free emigration; second 
western scientists should refuse to deal 
with Soviet scientists known to be 
instrumental in having dissident col- 
leagues fired (a partial list of names is 
available); third, scientists, particularly 
members of official delegations, should 
visit the seminar and other dissident 
scientists (such visits, in the opinion of 
the seminar members, are instrumental 
in protecting dissident scientists from 
harassment by the KGB). 

After meeting and eating with mem- 
bers of the Moscow Seminar for five 
days, Hershel Markowitz and I came 
away with the impression that they are 
indeed dying from a professional point 
of view. This isolation, as pointed out 
by Benjamin Levich, is particularly 
devastating for the younger scientists, 
whose careers and development demand 
constant work and access to recent 
publications. (Some of the work pre- 
sented to us at the seminar was carried 
in 1971.) But despite their dire situ- 
ation, they remain committed to their 
cause, and hopeful that help will come 
from scientific colleagues in other 
countries. 

At an impromptu banquet held on 
the night before our departure, Hershel 
Markowitz and I augmented the usual 
diet with a chocolate cake, the lucky 
result of joining one of the many lines 
that suddenly form on Moscow side- 
walks. The ‘party’ was tempered for me 
by two things. The first was a feeling 
of unreality brought on by the clash 
between a strong sense of identification 
with my dissident friends on Thursday 
night and the knowledge that on Fri- 
day afternoon T would be able to stop 
by my own laboratory to check on the 
latest results. 

The second was Azbel’s closing 
address. Besides warning of the poten- 
tial scientific demise of dissidents, he 
pointed out that ‘although most 
Russian scientists are resigned to re- 
strictions on their scientific freedom, 
for the dissident scientists this situation 
is intolerable. The dissidents would 
rather trade their prestige and, if neces- 
sary, their careers, for freedom. Tn this 
sense all scientists who apply to leave 


the Soviet Union must be undersfood 


as fighters for the freedom of con- 
science”. 


@ Six months after my departure from 
Moscow little has happened to alter the 
status of the seminar members. Benja- 
min Fain, one of the few seminar 
scientists still working during my visit, 
has been fired. Several other members, 
including Azbel, Levich and Viktor 
Brailowsky have been harassed and 
threatened by the KGB, in an effort to 
get the seminar to disband. But still the 
meetings continue, soliciting visits from 
western scientists, among them the 
members of official delegations. 
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One month ago I received a letter 
smuggled out of the Soviet Union from 
Viktor Brailowsky. He and his two 
children have been granted permission 
to leave, but as often occurs there is a 
catch. Irene, his wife, is still refused 
permission—and the family will not 
leave without her. In his letter he 
appealed for scientists to send “‘letters, 
telegrams and telephone calls (the last 
are helpful) to R. V. Khochlov, Rector 
of Moscow State University”, asking 
that she be permitted to emigrate to- 
gether with her family. 

Enclosed with Brailowsky’s letter was 
a letter from another refusnik, German 
A. Shapiro, an endocrinologist and a 
former Assistant Professor at the 
Institute of Biophysics in Moscow. 
Discharged after applying for a visa in 
1972, he now works as an ambulance 
attendant. The official reason for deny- 
ing Shapiro permission to emigrate is 
that he had treated “patients who might 
know state secrets”. 

Two incidents illustrate that what at 
times appears to be a ludicrous situ- 
ation, actually involves life and death. 
Tanva Levich has recently suffered a 
heart attack. Three years ago when the 
Soviet Government sent her son, 
Yevgeny, to a prison camp in the 
Arctic Circle, one of the reasons given 
for not letting Benjamin Levich emi- 
grate was that it would be cruel to 
break up the family (since Yevgeny was 
obviously not free to leave the country). 
Now, having allowed Yevgeny and his 
brother out, the Soviets seem intent on 
making sure that Benjamin and Tanya 
never see their sons (and grandchildren) 
again. 

The second incident involves another 
letter delivered by ‘special courier’. 
While I was in Moscow, Alexander 
Lerner, knowing I had training in 
cardiology, showed me some electro- 
cardiograms taken on Yefim Davido- 
vitch. Davidovitch was a much 
decorated World War II hero who 
chose to sacrifice his career in an effort 
to emigrate to Israel. He was, however, 
quite ill, and clearly had heart disease. 
His friends, including Lerner, were 
concerned that he might not survive 
the difficult life imposed on refusniks 
(his phone had been disconnected and 
he had been refused treatment by 
certain doctors and hospitals). After 


‘inspecting the cardiogram, I suggested 


that letters to some high Soviet health 
officials might be helpful in gaining his 
release on medical and humane 
grounds. I asked that a copy of his 
medical record be forwarded to my 
laboratory so that I and others could 
write on my return. Approximately two 
months after I returned, a detailed 
report on his medical history and 


physical examination arrived. Un- 
fortunately, Yefim Davidovitch ‘had 
died two weeks earlier. ta 
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Soviet dissidents (3) 


View from the Promised Land 


Nechemia Meyers assesses the opportunities for 
Soviet scientists arriving in Israel 


“ AMONG the Russian immigrants 

are scientists on a par with the 
best in the US, and their coming to 
Israel gives this country a unique 
opportunity to develop many new 
research areas”. So says Professor 
Alexandr Voronel, a Soviet expert in 
solid state physics formerly associated 
with the Institute of Physics at 
Chernogolovka, near Moscow, who 
joined the staff of Tel Aviv 
University. Voronel and his col- 
leagues fear that this opportunity may 
be missed for lack of a coherent 
science policy in general and a plan 
for the absorption of these scientists 
in particular. 

Exactly how many immigrant 
scientists have come here from the 
Soviet Union is impossible to deter- 
mine, particularly because the term 
“scientist” covers a broader category 
of people in the East than it does in 
the West. Absorption authorities 
speak of 800 scientists and 400 
graduate students (among the 100,000 
Soviet immigrants who have arrived 
since 1971). Voronel thinks there are 
between 1,000 and 1,500, making up 
perhaps 15% of Israel’s scientific 
community (as compared to about 
25%, of her doctors). 

Those who have found employment 
in their professions work for the most 
part in universities and research 
centres. However, many hold tem- 
porary positions financed not by 
regular budgets but by special two- 
and three-vear allocations from the 
Absorption Ministry and the Jewish 
Agency. When these allocations run 
out, the institutions where they are 
now working, which are so short of 
funds that they have had to fire some 
members of their academic staffs, will 
find it difficult to offer the immigrants 
permanent posts. In any case, future 
immigrants will find the universities 
closed to them. 

This being the case, efforts are 
being made to channel immigrant 
scientists into industry. For example, 
the Centre for Absorption in Science 
announced that it was now sending 
40% of its applicants to industrial 
firms, as compared to 10% 24 years 
ago. However, as things stand, the 
absorptive capacity of Israel industry 
is also limited unless structural 
changes take place. For their part, 
the Russian immigrant scientists, or 
at least some of them, feel that Israel 
should pay heed not so much to the 


American experience, as some have 
suggested, but to the Russian one. 

“When I was in the Soviet Union,” 
Professor Voronel stated earlier this 
year, “I was surprised that the 
Americans with all their resources 
and techniques had no scientific ad- 
vantage over the Russians in many 
fields. Now that I am in Israel—that 
is to say within the framework of 
Western science—I wonder why the 
Russians are not doing even better, 
because from my vantage point I can 
see great advantages to the organized 
and planned system that exists in the 
USSR.” Voronel says that with rare 
exceptions, such as the Manhattan 
Project or the attempt fo land a man 
on the Moon, US research is based 
on individual initiative and achieve- 
ments. In contrast, the USSR creates 
scientific teams geared to achieving 
specific national goals. 

Voronel and his colleagues fully 
appreciate the freedom offered to 
them in Israel, which they would not 
forego in any circumstances; but they 
nevertheless believe that Israel re- 
quires a less “American approach” to 
science policy. “The US is big 
enough,”  Voronel declares, ‘“‘to 
achieve success, without overall plan- 
ning, in a great many fields. Israel, in 
contrast, will achieve very little with- 
out concentrating its efforts on a few 
well-defined projects, and this is 
where immigrant scientists from the 
Soviet Union can be of great value. 
They know how to organise and apply 
research though, of course, they must 
be better acquainted with the require- 
ments of the Israeli economy before 
they are in a position to make con- 
crete suggestions.” 

The Diamant brothers, Lev and 
Emanuel, are also drawing on the 
experience of Russian science in their 
attempt to create Arshach, a science- 
based community in the Galilee. They 
hope it will eventually expand into a 
kind of Academ Gorodok, the large 
Siberian research centre near Novosi- 
birsk where Lev Diamant studied and 
worked in plasma physics before com- 
ing here. In spite of the fact that both 
brothers found positions in Israel soon 
after their arrival—Emanuel Diamant 
as an engineer at Tel Aviv University 
and Dr Lev Diamant as a physicist at 
the Weizmann Institute—they wanted 
to do more than just earn a living. 
They wanted to lay the foundations 
for the absorption of hundreds or 
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Alexandr Voronel, vantage point 


even thousands of fellow scientists 
from the Soviet Union in a self- 
supperting scientific community to in- 
clude both research and development 
and production facilities. 

Their little settlement, perched on 
the Galilean hills not far from the 
spot where Christ gave his Sermon 
on the Mount, is no Academ Gorodok 


as yet. In fact, a lack of housing 
limits it to a few families and a 
modest research and development 


programme, most of it based on sub- 
contracts from established research 
centres in such fields as solar energy, 
custom-made electronics, electro- 
optics and lasers. Lev Diamant, who 
turned down US job offers, is not 
worried that the settlement is growing 
very slowly or that it is some distance 
from existing scientific and industrial 
complexes where computers, libraries 
and other important facilities are to 
be found. “In the US many scientists 
travel 60 miles, for example between 
Burlington and MIT, without think- 
ing about it; why then,” he asks, 
“should we Israelis make such a fuss 
about travelling 90 kilometers be- 
tween Arshach and Haifa?” 

The settlement has already estab- 
lished itself as an intellectual centre 
for immigrant scientists from the 
Soviet Union. The famous scientific 
seminars held in Moscow by Jewish 
scientists who had been dismissed 
from their posts after applying for an 
exit visa have been recreated at the 
village. They are headed by Professor 
Voronel, who was himself a key 
participant in the Moscow seminars 
before finally being permitted to leave 
for Israel.last year. 

Yet the purpose of these seminars, 
is different. “In Moscow,” Voronel 
explains, “we were forced to con- 
centrate on theoretical subjects be- 
cause the authorities had taken away 
our laboratories and our instruments. 
Here we are discussing applied re- 
search, which we are trying, so far 
without too much success, to develop 
in Israel.” 
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Trying to keep in touch 


Yevgeny Levich describes the complex procedure involved 
in obtaining permits for travel abroad 


ESTERN scientists welcomed the 
development of scientific contact 
with the USSR which came with dé- 
tente. But enormous obstacles remain. 
A Soviet scientist intending to go 
overseas to take part in a conference 
or in some scientific exchange pro- 
gramme has to go through a compli- 
cated bureaucratic procedure, like any 
other Soviet citizen going abroad. 
The first stage consists in obtaining 
a character reference (kharakteristika) 
which must be confirmed by the ad- 
ministration of his place of employ- 
ment, by the local party organisation 
and his trade-union branch. The refer- 
ence deals, among other things, with 
such matters as the applicant’s partici- 
pation in public activities, his moral 
image and his relations with the all 
grades of staff at his place of employ- 
ment. Accompanying the reference is 
a detailed questionnaire covering the 
applicant’s nationality, his party mem- 
bership, details about all his former 
places of work and so on. The applic- 
ant is also asked to supply detailed 
information about his close relatives 
(including divorced spouse). When he 
has obtained the reference he is called 
for an interview to the Regional Com- 


mittee of the Communist Party, 
where he is given the instructions 
which complete the open part of the 
precedure. 

The main mechanism of issuing 
permits for foreign travel remains 


hidden from the eyes of the applicants. 
The outsized apparatus of the foreign 
Section of the Academy of Sciences of 
the USSR (General Korneev of the 
KGB has been head of this section for 
many years) or the ministries in charge 
of the various scientific research 
institutes are the bodies which deal 
with “travel matters’. The central 
KGB has the last word in making deci- 
sions. which are communicated to the 
prospective traveller, as a rule, a day 
or two before his intended date of 
departure. There have been cases when 
a travel permit was taken away when 
the person was boarding the aeroplane. 

In practice, the administration of the 
local institute (and especially its “first 
section’’—the secret section which 
exists in every scientific institution and 
is connected with the KGB) plays an 
important part in making the decision. 
The deputy director of the institution, 
who is normally the head of the “first 
section”. is also responsible for all 
international contacts. The information 
about the applicant which is passed on 


through the closed channels has much 
more weight than his official reference. 
After the sanction of the Foreign Sec- 
tion has been received and confirmed 
by the KGB the “travel case” is trans- 
ferred to the “Commission on Travel”, 
headed for many years by the 
Politbureau’s chief ideologue Mikhail 
Suslov. 

The considerable efforts which are 
made to obtain permission to go abroad 
reflect the attraction that travel has 
for the Soviet scientist. Purely scien- 
tific considerations play the significant 
part here, of course, especially con- 
sidering the almost complete isolation 
of the Soviet scientists in the recent 
past; but such academic interests are 
reinforced by financial attractions and 
considerations of prestige. Foreign 
travel is graded, like the Soviet elite’s 
other privileges, according to value. 
Short trips to scientific conferences for 
which the scientist himself must pay 
are thought to be least attractive. It 
is much more difficult to be included in 
an official delegation going abroad at 
the state’s expense. Then there is the 
rare possibility of going abroad for a 
long period of time, for example, with- 
in the framework of scientific-exchange 
programmes. Additional grading 
differentiates between travelling to the 
countries of Eastern Europe (not al- 
ways easily obtainable) and travelling 
to the West. 

The possibility of receiving a permit 
to travel abroad, and the efforts which 
must be undertaken to obtain it, are 
determined by a vague but identifiable 
correlation between the prestige value 
of the trip and the applicant’s per- 
sonal qualities. Being a party member, 
holding an official academic position, 
having personal connections in the 
administration and personal initiative 
are all to the applicant’s credit; having 
relatives abroad, an unsuitable national- 
ity, and a lack of interest in the party 
are not. Negative characteristics are 
usually critical and they automatically 
block off the entrance to some—if not 
all—ladders of privilege. On the other 
hand, some persons can arise to a level 
of the administration and party where 
they can by-pass the usual procedures 
and plan their trips more freely. 

Moving up on the ladder of pri- 
vileges and, in particular, gaining access 
to overseas contacts presents additional 
demands, the violation of which could 
mean the immediate loss of all that had 
been achieved. Scientific contacts 
between Soviet scientists and the West 
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Sakharov. attacked 


are subject to fairly strict control. Two 
examples: 

@ Every scientist must present a 
detailed report, including not only 
details of scientific and industrial signi- 
ficance, but also characteristics of all 
the Western scientists whom he met, 
to the Overseas Section of the Academy 
of Sciences. 

@ Each scientist meeting with overseas 
colleagues at his home or at his insti- 
tute must receive permission for such a 
meeting from the “first section” of his 
work-place. He must also present a 
detailed report about the meeting to 
the “first section” afterwards. 
Evasion of these obligations auto- 
matically stops access to foreign con- 
tacts. On the other hand, some Soviet 
scientists deliberately overestimate the 
importance of their overseas contacts 
and their knowledge of scientific and 
industrial works in the West in order 
to increase their chances of a permit 
for their next trip. 

Strict control applies not only to 
personal contacts, but also to scientific 
publications: all materials sent abroad, 
including letters to colleagues, must go 
through the special commission in 
every institute, which include repre- 
sentatives of the “first section”. After 
being checked by the commission the 
materials must receive the sanction of 
the censorship office (the Glavlit). A 
particular form of control has appeared 
with the inclusion of Soviet representa- 
tives on the editorial boards of some 
international magazines, providing an 
opportunity to prevent publication of 
articles in foreign magazines. 

Those who can travel abroad because 
of their position naturally enjoy signi- 
ficant advantages in the struggle for 
power which goes on in the upper 
layers of the Soviet academic com- 
munity. But whereas scientific life 
inside the USSR is controlled to a signi- 
ficant extent by the representatives of 
the Soviet scientific elite, in matters 
connected with foreign contacts the 
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critical influence is concentrated in the 
hands of the party apparatus and the 
KGB. The selectively chosen repre- 
sentatives of the scientific elite have, 
however, merged with the administra- 
tive and party elite: those who have 
signed letters attacking Sakharov, 
those who have dismissed Jewish 
Scientists wanting to emigrate from the 
USSR, and later signed false secrecy 
certificates of these scientists, are 
themselves scientists. Their actions are 
dictated not by their scientific but by 
their administrative interests, by their 
proximity with the party oligarchy and 
their desire to use this in their struggle 
for rank and power. They are the ones 
who appear most often at international 
conferences; they are the ones who 
gain most from the “‘scientific détente”. 
The strengthening of scientific contacts 


COMECON 


WITH growing industrialisation, fuel 
and power supplies are a matter of 
increasing importance to the Come- 
con block, particularly as the new 
policy of economic integration begins 
to take effect, and considerable reli- 
ance has come to be placed on oil, 
gas, and electricity delivered from the 
Soviet Union by pipeline and cable. 
But despite official Soviet statements 
that fuel and power export commit- 
ments would remain unaffected by the 
new drive for economies at home, it 
seems that there will after all be an 


export cutback. During a recent 
Miners’ Day rally in northern 
Bohemia it became apparent that 


deliveries of Soviet oil to Czechoslo- 
vakia over the next five years would 
“fall short” of original estimates. 
Accordingly, the Czechoslovak 
Government has concluded that “we 
shall be unable to maintain the growth 
rate of past years”. 

There ate other problems too. An 
article in the Slovak Pravda notes that 
in spite of the additional 4,000 MW 
or so of new generating capacity 
planned for the next five years (which 
should include two atomic reactors at 
Jaslovske Bohunice, providing some 
35% of the total new capacity for 


Czechoslovakia), the generating 
system will still have “minimal 
reserves?” and will be constantly 
stretched. 


Nuclear power is a matter of press- 
ing importance to Comecon, and, not 
surprisingly, there is considerable 
international cooperation. Joint 
research into the construction of the 
necessary equipment, which has 
resulted in the development of new 
types of generator, is carried out by 
Interatomenergo and Interatom- 
ininstrument. The latter organisation 


with the West, as long as they develop 
in a way suitable for the Soviet author- 
ities, increases the influence of the most 
rigid elements of the Soviet establish- 
ment and provides them with additional 
levers to influence scientific life in the 
Soviet Union. 

Soviet citizens differ from one 
another in everything, just as citizens 
of any Western country do. In accord- 
ance with the spirit of the “third 
basket” of the Helsinki Declaration, 
contacts ought to be developed on the 
individual level and not on the level of 
the delegations selected by the author- 
ities. The organisation committees of 
international conferences should reserve 
the right to invite to conferences Soviet 
scientists who are prominent in their 
field, and should make their attendance 
a condition for the attendance of the 


is the only Comecon enterprise to 
have its own autonomous accounting 
system and operating capital of con- 


vertible currencies. Atomic power 
stations are being constructed. (with 
Soviet aid and expertise) throughout 
the Comecon block, notably at Lake 
Zarnowiec in Poland, and Paks in 


Hungary. Ultimately, they should all 
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be connected with a 750 kV grid, the 
first line of which, from Ukraine to 
Hungary (with a later extension 
planned to Yugoslavia), should be 
commissioned in 1978. By 1990, 
nuclear power stations should meet 
one-quarter of the forecast electricity 
demand of the Comecon block. 

In the meantime, to fill the energy 
gap, conventional fossil fuels are in 
ever increasing demand, and intensive 
work is being carried out both to 
modernise existing coal mines and to 
develop new ones. One such project, 
described recently by the Prague tele- 
vision service, bears a touch of in- 
advertent humour. A new open-cast 
coal mine, which will provide fuel for 
a power station in northern Bohemia, 
is, in line with the Socialist custom 
of naming important enterprises after 
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official Soviet delegation. The partici- 
pation of Western scientists in any 
scientific exchange programmes must 
be conditional on the Western side 
being able to choose at least some 
of the members of the Soviet delegation 
and being able to have free contacts 
with any scientists in the USSR whom 
they would like to meet. Soviet scient- 
ists must also retain the right to send 
their articles to foreign magazines 
through members of the editorial board 
as well as through the Soviet regional 
editor. 

Measures such as these would not 
cause a halt to scientific contact with 
the West. The needs of the state, and 
of the members of the elite, ensure 
that. And they represent something 
more than mere declarations of support 
or solidarity. 





revolutionary heroes, to be called 
after Maksim Gorki. One of 
Gor’kii’s most famous works is 


entitled ‘From the Lower Depths’. 

@® The drought which this year has 
affected all the European members of 
Comecon together with certain 
western parts of the Soviet Union 
(though not the Moscow region, 
where too much rather than too little 
rain has been the problem), has 
forced the authorities to place a new 
emphasis on the utilisation of water 
resources. Some research had, indeed, 
already begun with the mapping last 
winter and spring of Carpathian 
water-resources, That survey did not, 
however, extend to the eastern regions 
of the Carpathians (Ukrainian SSR}, 
where over-zealous tree-felling is 
apparently resulting in erosion and 
consequent “destruction”? of the 
water table. Precipitation in the Car- 
pathians is of vital importance to the 
water supplies of Poland, Czechoslo- 


vakia, Romania, Hungary and 
Ukraine. 
Several local water economy 


schemes are now being implemented. 
These include anti-flood measures on 
the Tisza, Mura and Raba in Hun- 
gary, a dam on the Cirocha in 
Slovakia, a special  turbine-tyne 
aerator for the purification of pol- 
luted river water (developed at the 
Purification Equipment Institute in 
Sofia) and a reservoir on the Odra 
near Mietkow in Poland, Although, 
like the Carpathian survey, many of 
these projects were already envisaged 
or under way before the drought 
became a pressing problem, the con- 
siderable media coverage they have 
received indicates that water sapply 
has become an issue of grave import- -i 
ance. 
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Synthetic fuel block 


A controversial plan to pump billions 
of dollars of federal funds into the 
commercial production of synthetic 
fuels in the United States was un- 
expectedly killed off in the House of 
Representatives last week. By the 
narrow margin of 193 votes to 192, the 
House blocked further consideration of 
a Bill to provide up to $4,000 million 
for the construction of large-scale 
plants to produce oil from shale, and 
oil and gas from coal. The vote means 
that there is now no chance that Con- 
gress will pass the legislation before it 
breaks up for the November elections. 
The Bill was a major plank in the Ford 
Administration’s long-term energy stra- 
tegy, which calls for the production of 
large quantities of synthetic fuels by 
the mid-1990s to replace dwindling 
domestic supplies of oil and gas. It was 
defeated by an odd assortment of bed- 
fellows ranging from environmentalists 
fearing the pollution threat from con- 
version plants, to right-wingers opposing 
federal subsidies for industry. 


SECRECY, in science as in politics, is a 
delicate and difficult subject. There is 
much concern when the details 
of Cabinet deliberation are pre- 
maturely revealed, yet at the same 
time there is a strong campaign for 
the relaxation and rationalisation of 
the Official Secrets Act. It is diffi- 
cult to strike a happy medium. The 
results of scientific research con- 
cerned with military problems or 
commercial activity may legitimately 
be kept secret for a time, but it often 
seems that publication of much of this 
work is delayed unnecessarily. Some 
results which might have a wide 
application never see the light of 
day, even when the defence of the 
country is no longer at risk, and when 
no benefits would immediately accrue 
to a company’s commercial rivals. 
The reputation of a scientist 
depends largely on the quality and 
quantity of his published work. If he 
is unable to publish, he is likely to 
remain unknown except among his 
immediate colleagues. It is therefore 
important to the individual, as well 
as to the scientific community, that 
as few restrictions as possible be 
placed upon the publication of the 
results of any kind of research. High 
salaries, or even the award of honours 
and decorations to otherwise unknown 
scientists may be poor recompense 
for the denial of proper recognition 
within the scientific community. 
When the reorganisation of 


Energy get-together? 


Democratic Presidential candidate 
Jimmy Carter last week offered a plan 


-to consolidate an assortment of govern- 


ment agencies in the United States into 
a single Department of Energy. Stating 
that “our country still has no energy 
policy” three years after the 1973 oil 
embargo, Carter said that the new 
department would include the Energy 
Research and Development Adminis- 
tration, the Federal Energy Adminis- 
tration, parts of the departments of 
Commerce and Interior, together with 
the Federal Power Commission. The 
plan would have a tough time getting 
through Congress if Carter is ever in a 
position to propose it formally, how- 
ever. Former President Nixon twice 
suggested the setting up of a Cabinet- 
level department of energy and natural 
resources, but the reorganisation was 
never approved by Congress because it 
would have cut across the jurisdictions 
of many Congressional committees, 
which now roughly match those of 
existing departments and agencies. 


government-supported research attri- 
buted to Lord Rothschild was being 
discussed, there was some concern 
that it might have a harmful effect on 
the dissemination of scientific know- 
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ledge. It was feared that the executive 
government departments, to whom 
so much of the research funds was to 
be transferred—so that they, as 
“customers”, could place “contracts” 
with research councils or other 
laboratories—might be reluctant to 
allow the scientists who did the work 
to publish their results in the accepted 
scientific journals. These particular 


Bangladesh council 


The Government of Bangladesh has 
constituted a National Council for 
Science and Technology to plan the 
country’s scientific and and techno- 
logical programme and activities. The 
high powered council is chaired by the 
President of Bangladesh, and one of 
the two vice-chairman is an eminent 
scientist who is also the Science Adviser 
to the President, Professor M. Innas 
Ali. 

The council has 19 other members 
who are ex-officio chairmen of research 
councils, secretaries of some ministries, 
Vice-Chancellors of two technological 
universities and two reputable Bangla- 
desh scientists or technologists nomin- 
ated by the President. Professor Ali 
himself has a distinguished career in 
scientific research, education and ad- 
ministration. He holds a Master’s 
degree in electric engineering from the 
University of New York, a doctorate in 
nuclear physics from the University of 
London; and is a former Vice- 
Chancellor of Chittagong University. 


fears appear to have been unfounded. 
Some senior ministry officials have 
suggested that since they paid for the 
research, they should have the right 
to decide what should and should not 
be published. But it is to the credit of 
Chief Scientists that they normally 
insist that those engaged in research 
should be free to publish as they 
wish. Indeed, in some cases contracts 
have included the proviso that results 
should be made available to the 
customer first, and there seem to 
have been few cases where final pub- 
lication has been seriously delayed. 
And yet the new system appears to 
have reduced substantially the 
amount of material being published 
by some of the laboratories now 
largely engaged in contract research. 
The reason would seem to lie in the 
nature of the contracts themselves. 
Few contractors seem to have fol- 
lowed the example of the Ministry of 
Agriculture, Fisheries and Food, 
whose contracts have usually been for 
very large sums, and have covered 
substantial fields of study, so as to 
allow room for manoeuvre and origin- 
ality. Too many contracts have been 
small and circumscribed by limited 
objectives, presenting few oppor- 
tunities for research workers to make 
significant advances. There has con- 
sequently been little worth publish- 
ing. And in that situation, it does not 
matter whether or not the workers are 


~ pledged to secrecy. 
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news and views _ 





Complementary mispairs 


from E. G. Richards 


THE fidelity of DNA replication is a 
matter of crucial importance : too low, 
and life as we know it is impossible; 
too high and there is no evolution for 
us to ponder the matter. The observed 
frequency of mutations and replication 
errors must depend on several factors, 
including the nature of the error, the 
chemistry of the replication machinery 
and the fundamental chemical pro- 
perties of the bases in DNA them- 
selves. 

An interesting theory has been pro- 
pounded by Topal and Fresco (Nature, 
263, 285; 1976) to account quantita- 
tatively for the observed frequencies of 
a certain class of mutation—point mu- 
tations which entail the substitution of 
one base pair for another in the DNA. 

Such point mutations can be of two 
sorts: transversions in which an A-T 
or G-C base pair is substituted for its 
opposite number, namely a G-C or 
A-T pair respectively: and transitions 
in which the pair is reversed between 
the two DNA strands so that an A-T 
pair becomes T-A or G-C becomes 
C-~G. 

As is often stated, the Watson-—Crick 
base pairs, A-T and G-C, are each 
complementary. Among other things, 
this implies that both sorts of base 
pair are geometrically similar and can 
substitute for each other in the regular 
DNA helix. The crucial observation, 
based on model bulding, of Topal and 
Fresco is that there are other sorts 
of base pair which are geometrically 
similar to the normal Watson—Crick 
pairs. These they have termed comple- 
mentary mispairs, and they are formed 
from bases which are in thermo- 
dynamically rare forms such as the 
enol or imino forms or in the syn 
rather than the normal anti-configura- 
tion (obtained by rotating the base 
through 180° about its glycosidic 
bond). 


In the replication process, each base 
in turn selects, with the aid of the 
enzymes involved, a complementary 
partner which is incorporated into the 
growing chain. If on rare occasions a 
base, instead of selecting its normal 
partner to form a normal Watson- 
Crick base pair, selected another part- 
ner to form a complementary mispair, 
an error or mutation would be born. 
Topal and Fresco find that all possible 
transversion and transition mutations 
could come about in this way. 

Considerable credence is lent to this 
idea by the report that base oppositions 
corresponding to each of the required 
complementary mispairs have been 
demonstrated experimentally to take 
up intrahelical conformations in lone 
double stranded polynucleotides domi- 
nated by normal Watson—Crick base 
pairs, whereas other base pairs which 
are not complementary and are not 
required take up extrahelical con- 
formations instead. 

So far one might suppose that the 
frequency with which a transversion or 
transition occurred would be deter- 
mined mainly by the proportions with 
which the different nucleotides exist in 
their rarer tautomeric or isomeric 
forms. These proportions are deter- 
mined by the thermodynamic pro- 
perties of the bases and have in fact 
been measured. The results suggest 
that the enol or amino forms would 
occur at a frequency of 1 in 10-10" 
and the syn form at 1 in 10-20. These 
frequencies are however far higher 
than those at which point mutations 


are observed to occur—1 in 10°-10" 
base pairs replicated. 
In circumventing ¿this difficulty, 


Topal and Fresco note that there is 
good experimental evidence that repli- 
cation takes place in two stages. In 
stage one, the replicative machinery 
holds the template base in position and 


presents a hole into which only a com- 
plementary base may fit to be joined to 
the growing strand. At this stage a 
mispair may be formed with the fre- 
quencies noted above. In the second 
stage a checking mechanism is brought 
into play which ascertains if the newly 
formed pair has standard geometry. If 
not it is excised. Topal and Fresco. pro- 
pose that before the check is com- 
pleted, thermodynamic equilibrium is 
re-established and the tautomers revert 
to the keto or amino form with a cor- 
responding disruption of the geometry 
(because of stacking interactions it is 
likely that the syn-anti equilibrium is 
frozen). At frequencies determined by 
the same thermodynamic considera- ` 
tions, however, a small proportion of 
mispairs will remain mispaired and not 
be detected. Thus the proportion of 
mispairs that are both formed and sur- 
vive the checking step will be approx- 
imately the square of the proportions 
mentioned above, Topal and Fresco 
have worked out in detail from their 
proposed mispairs and the relevant 
thermodynamic data the frequencies at 
which they would expect the various 
sorts of point mutation to occur. They 
find a remarkable agreement with data 
obtained from a study of the frequency 
of spontaneous mutations in the tryp- 
tophan synthetase A gene of Escher- 
ichia coli. 

One interesting feature in the pro- 
posed base mispairing schemes is that 
transitions arise only from purine- 
pyrimidine mispairs and transversions 
only from purine—purine mispairs. Tt is 
therefore of interest and wholly con- 
sistent with Topal and Fresco’s hypo- 
thesis that the base analogue 5-BrU has. 
the specific effect of enhancing the fre- 
quency of transitions. 5-BrU also has a 
much greater tendency to enolise than 
its natural counterpart T. Similarly 
they can explain the specific effect of 
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2-AP in inducing trasversions. They go 
on to comment that chemical mutagens 
(many of which are carcinogenic) may 
act by disturbing the tautomeric or 
isomeric equilibria of bases with which 
they interact. 

This hypothesis is certainly elegant 
but as the authors point out, further 
experiments are required to assure its 
validity. Be this as it may, if it is valid, 
similar effects may well occur in other 
situations in which complementary base 
pairing is invoked. In particular it may 
occur in transcription and in MRNA 
interactions with tRNA during trans- 
lation on the ribosome. Such matters 
are the subject of a second paper by 
Topal and Fresco (Nature, 263, 289; 
1976). 

Any discussion of codon~anticodon 
interactions in translation must be 
dominated by Crick’s wobble hypo- 
thesis. Topal and Fresco devote part of 
their paper to a discussion of what 
base pairs could and could not occur 
in the third codon wobble position. 
One suggestion they come up with is 
that in the wobble pair A-I, the A 
residue on the codon may be in the 


syn configuration rather than the anti 
as proposed by Crick. This would give 
a glycosidic bond separation close to 
the standard 109A instead of the 
longer value of 12.8 A. 

Whatever the precise nature of the 
wobble pairs may be, mispairing would 
lead to errors in amino acid incorp- 
oration. The in vivo rate of such errors 
is as high as 1 in 10°. This figure, Topal 
and Fresco surmise, results from mis- 
pairing in the transcription process as 
well as in all three positions in the 
codon—anticodon interaction. The cal- 
culation of the value expected on the 
basis of mispairing schemes and the 
tautomeric equilibrium constants is 
complicated by the degeneracy of the 
code, but ignoring this difficulty, Topal 
and Fresco arrive at a value of 1! in 
4x10‘ for the overall error rate. Pre- 
sumably there is no checking process 
analogous to that in replication. This 
may be because the errors can arise at 
two distinct stages—transcription and 
translation—at roughly the same fre- 
quency so that the economics of the 
cell would render it unprofitable to 
check errors at one stage only. O 


Structure of bacterial flagella 


from Michael Spencer 


Bacrertiat flagella fascinate biologists, 
molecular and otherwise, for a number 
of reasons. They are built up from 
identical subunits: they are helical 
(look what that did for Watson and 
Crick); and they constitute a largely 
unsolved problem in motility. It 
seemed a couple of years ago that the 
important question of whether they 
rotate bodily or merely execute helical 
waves had been settled in favour of 
the former idea; certain lines of in- 
direct evidence convinced many scien- 
tists that there must be some kind of 
molecular motor, complete with bear- 
ings, at the base of each flagellum. 
However, direct evidence for the func- 
tioning of such a device has been 
lacking, and a minority remains scep- 
tical. The case for the new doctrine 
was summarised in a persuasive article 
by Howard C. Berg entitled How Bac- 
teria Swim (Sci. Amer., 36, August, 
1975). 

Meanwhile a number of workers 
have refrained from committing them- 
‘selves firmly to. any hypothesis, and 
have continued to publish new struc- 
tural data. The most prolific of these 
has been Sho Asakura of Nagoya 
University, who has specialised in the 


repolymerisation of flagella in vitro. 
By mixing seeds and monomers from 
various mutants, a number of flagellar 
forms can be produced which vary in 
the pitch, amplitude and handedness 
of the large-scale helix into which the 
basic rod structure is coiled. Others 
have used optical diffraction of micro- 
graphs to study the detailed packing 
of subunits (for example, Kondoh and 
Yanagida, J. molec. Biol., 96, 641; 
1975). It is unfortunate that almost 
every worker in the field has invented a 
new terminology to describe the helices, 
and evocative but imprecise terms such 
as “curly? and “semi-coiled’” have 
served to keep the non-specialist con- 
fused. 


The two most recent publications in ` 


this field are by Hotani now at Kyoto 
University, and by Kamiya and 
Asakura (J. molec. Biol., 106, 149 and 
165: 1976). Both papers describe the 
use of dark-field light microscopy, 
which has recently undergone quite a 
renaissance. Thirty years ago it was 
used by Pijper to observe flagellar 
bundles in motion, using sunlight on the 
roof of his South African laboratory. 
By using a high-intensity lamp it is 
now possible for workers in shadier 
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climates to observe the shape of a single 


. flagellum, even though its diameter is 


only 20nm. The advantages of this 
over electron microscopy are that dis- 
tortions and environmental changes in- 
duced by specimen preparation can be 
avoided, and phase transitions observed 
directly while the medium is changed. 
Such transitions include a change from 
left- to right-handed helices on reduc- 
ing the pH. 

Kamiya and Asakura describe how 
this change occurs in reconstituted 
Salmonella flagella. The change is rapid 
and reversible, and can be seen to start 
at one end of a flagellum and propa- 
gate down its length. As this happens, 
the transformed region appears to 
rotate rapidly round the remainder, 
which in their experiments was tethered 
to the slide, Similar effects can be in- 
duced by hydrodynamic forces, and 
Hotani’s ciné film of this sort of motion 
has recently been gripping scientific 
audiences around the world. The ex- 
periments show clearly that the trans- 
formation is due only to a reorientation 
of the subunits, in a process akin to 
that postulated by C. R. Calladine 
(Nature, 255, 121; 1975) to explain the 
different static waveforms that can 
occur. 

Hotani’s companion paper concen- 
trates on the static appearance of 
flagella of mixed type, in which poly- 
merisation is started with one monomer 
mixture and finished with another. As 
well as measuring accurately the para- 
meters of the helices, Hotani measured 
the “block angle” between the axes of 
helices at the point of changeover. 
There seems to be no kink in the struc- 
ture, but the transition from one form 
of packing to another causes the new 
helix to coil about a different axis. 
This is particularly marked when the 
handedness reverses; the block angle 
can then be as small as 94°. The most 
interesting feature of Hotani’s results 
is that nearly all the data fit a simple 
equation relating the block angle to 
the pitch angles of the two helices con- 
cerned. This equation demands a con- 
dition which also underlies Calladine’s 
prediction of helical polymorphs. 

This prediction followed the observa- 
tion that a flagellum is made up of 
longitudinal rows of subunits which 
generally make a small angle with the 
rod axis. The large scale helices 
adopted are consistent with some of 
these rows running always along the 
inside of the helix, while other rows 
(of slightly greater length per turn of 
helix) run always along the outside. 
Calladine showed how “short” rows 
could arise by rearrangement of the 
connections between subunits, and he 
argued on purely mechanical grounds 
that such rows should cluster on one 
side of the rod. A transition between 
polymorphs would then involve a 
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change in the number of “short” rows, 
but not in the side on which they 
clustered. Hotani’s results are consistent 
with this argument. 

-What is intriguing is that the kind 
of structure described is also required 
by the basic “non-rotary” hypothesis 
for generation of helical waves, an idea 
with a lineage going back to 1883. On 
this hypothesis the packing pattern 
would be induced by some mechanism 
at the base to propagate round the 
rod, giving rise to apparent rotation. 
Although Hotani follows Kamiya and 
Asakura in eschewing speculation, their 
results taken. together suggest that 
there could yet be some life in the old 
idea. > 0 


The folded chain’s 
last stand ? 
from Paul Calvert 


In the past two years low angle neutron 
scattering studies on amorphous poly- 
mers have shown that the chain dimen- 
sions in both the liquid and glassy states 
are equal to the random coil dimen- 
sions seen in ideal solution. This 
scotched the idea that there are ordered 
regions in amorphous polymers but has 
left the puzzle of how to pack chains 


to high density yet retain the random 


coil (Kirste et al., Polymer, 16, 
1975; Cotton et al., Macromolecules, 
7, 763, 1974; Wignall et al, Eur. 
Polymer J., 10, 861, 1974). 

Results of similar experiments on 
crystalline polymers.are now being pub- 
lished and very surprisingly show that 
the chain is still in a random coil. This 
one fact contradicts much of our 
current understanding of polymer Crys- 
tallisation.. 

The small angle neutron scattering 
experiment is similar to small angle 
X-ray scattering except that the con- 
trast arises from the very different 


120, 


scattering powers of perdeuterated and 


protonated polymer rather than from 
density differences. Usually a few per- 
cent of normal polymer is mixed into 
a matrix of wholly deuterated chains. 
The strong incoherent scattering from 
the protonated chains is measured as a 


function of angle and allows their- 
radius of gyration and molecular weight 


to be determined. For amorphous poly- 
mers the radius of gyration was found 
to be equal to the ideal solution value. 


‘The apparatus necessary is a nuclear 


reactor with a thermal neutron beam 


and a diffractometer. Experiments have 
3 been done at Harwell but the beam 
intensity there is low and much more 


can be done on the purpose-built re- 


search reactors at Grenoble and Jülich 
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Was the early Solar System ones : 


from David W. Hughes — 


Ir the nebula that formed the Solar 
System had the same elemental com- 
position as the Sun, the condensates, 
that is the planets, asteroids and 
comets which make up our present 
Solar System, represent only about 
_ 3% (by mass) of the original nebula. 
The remaining 95% has been lost in 
the intervening time between planet- 
ary formation and the present. Most 
modern cosmogonical theories use 
ithe solar wind to sweep the newborn 
Solar System: free of this “left over” 
nebula which is*made up mainly of 


| volatile elements such as hydrogen 


and helium. This solar wind is a 
cloud of particles (mainly protons) 
which are streaming away from the 
Sun. At the present time the average 
cloud density near the Earth is 5 
protons:cm™~’ and the particles stream 
past at a speed of about 450 km s7'. 
In the T Tauri stage of the Sun’s 
evolution this wind was blowing at 
about the same speed but was much 
denser, the Sun losing mass at a rate 
“which could have been as high as 
10°¢gs-). This T Tauri stage lasted 
around 50 milion years during 
which time the Sun’s radius decreased 
from nearly that of the radius of 
Mercury's orbit to its present 
7X10km and the Sun lost a con- 
siderable percentage of its mass. The 
Sun was also a variable, surrounded 
by a thick, highly active- chromo- 
sphere. Gravitational collapse was 
giving way to thermonuclear hydrogen 
burning as the main energy source 
M. J. Handbury and I. P. Williams 
(Queen Mary College, University of 
London) question the wind-sweeping 


(see Schmatz et al., J. appl. Cryst, 7, 
96, 1974: for a general description of 
small angle neutron scattering). 

The first experiments on crystaHine 
material showed that the scattering was 
dominated by scattering from the 
matrix attributed to submicron voids. 
This effect could be eliminated by using 
deuterated polymer in protonated 
matrix rather than vice versa as the 


scattering lengths of the protons and 


carbons almost cancel. It then became 
clear that segregation was taking place 
so that the deuterated polymer was 
clustering in the crystals as the meas- 
ured molecular weights were many 
times the true value (Schelten ef al., 
Polymer, 15, 682, 1974: Colloid and 
Polymer Sci., 252, 749, 1974). This 
arises because deuterated polvethviene 
melts at about 6°C below the pro- 
tonated polymer. 

The next set of results to be pub- 


hypothesis in a recent paper in The 4 
Observatory (96, 140; 1976). Assume | 
ing that the solar gaseous nebula is | 
in equilibrium about the Sun before | 
the onset of the wind the authors | 
then calculate the rate of momentum | 
transfer between a continuous, | 


‘spherically-symmetric wind and the 


nebula. Three forces are acting on | 
the nebula, gravity, “centrifugal 
force’ due to its rotation and the 
solar wind force due to its rotation | 


‘and the solar wind force due to moe | 


mentum transfer. As angular mos | 
mentum is conserved a formula can 
be easily obtained for the new equil- | 
ibrium distance between the nebula 
and the Sun. Handbury and Williams 
find that for all reasonable values of | 
the parameters the nebula does not 
get pushed out to infinity by the T| 
Tauri wind but simply. increases in | 
radius. 

Now if energy transfer and not | 
momentum transfer is the actual | 
mechanism the total nebular energy | 
could become positive and the nebula | 
would disperse. But this would- re- | 
quire the kinetic energy of the wind | 
to be converted into thermal energy | 
in the nebula and then back again |` 
into kinetic energy as the nebula | 
moves away. Also loss due to radia- 
tion, evaporation or fast moving 
particles and other mechanisms has | 
to be negligible. | 

So the authors conclude that the | 
solar wind cannot be the broom which 
swept from the Solar System those | 
elements that did not condense to 
form the planets and that cosmo- 
gonists must look for another process. 


lished were those of Sadler and Keller 
(Polymer, 17, 37; 1976). They measured 
solution grown single crystals in the 
range of scattering angle appropriate to 
the interchain spacing in the crystal 
rather than. the chain as a whole. They 
showed that their results can be ex- 
plained in terms of an adjacent re-entry 
model. but could not really. eliminate 
alternative models. These experiments 
may have been affected by clustering 
which could invalidate the results. 
During this summer results on melt 
crystallised polymers have been re- 
ported at several conferences by 
Ballard, Wignall and Longman from 
ICI at Runcorn using the  Jiilich 


diffractometer (to be published. in 
Polymer). They tried to eliminate 


clustering by using a branched chain 
protonated polyethylene in conjunction 
with a linear deuterated polymer so 
that the crystallisation teriperatures 
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matched. They found that even with 
such matching they could not eliminate 
segregation except in samples crystal- 
lised by quenching. Neutron scattering 
measurements were made on these 
samples down to low enough angles to 
observe the radius of gyration of the 
whole chains. For quenched samples 
they found a value of ratio of radius of 
gyration to the square root of molecu- 
lar weight <S> iM i =0.46 +0.05, 
the same as for molten polymer and 
ideal (8) solution. Over the molecular 
weight range from 40x 10°-400 x 10° it 
is not possible to tell whether there is 
a change in the ratio. At concentrations 
of deuterated polymer less than 10% 
the quenched samples gave correct 
molecular weight values showing that 
no clustering occurs. Slowly crystallised 
samples give a molecular weight value 
several times too high due to clustering. 

The significance of these results is 
that they undermine the folded chain 
theory of crystallisation in which each 
polymer chain crystallises in a ‘jump- 
ing jack’ configuration, repeatedly 
traversing the crystal thickness of 
about 100 atoms (a stem) then folding 
back on itself. The chain will thus have 
the shape of a thin sheet. This model 
is supported by a large amount of 
indirect evidence on the morphology 
and properties of single crystals grown 
from solution and by the Lauritzen- 
Hoffman theory of crystal growth 
which correctly predicts the crystal 
growth rates from melt and solution on 
the basis of adjacent re-entry folding. 

One direct experiment is that of 
Bank and Krimm (J. Polymer Sci., A-2, 
7, 1785; 1969) who studied the infra- 
red spectra of mixed perdeuterated and 
normal polyethylene and showed that 
even at low concentrations a deuterated 
stem is likely to be adjacent to other 
deuterated stems so that the chain must 
fold back on itself. The Sadler and 
Keller neutron experiments are equiva- 
lent to this. Mandelkern and coworkers 
(Macromolecules, 4, 672; 1971; reply, 
ibid, 5, 209; 1972) have raised the ques- 
tion of segregation in the Bank and 
Krimm experiments but could not 
really prove it. The new neutron experi- 
ments seem to have verified Mandel- 
kern’s idea and invalidated the infrared 
experiments. The main alternative 
model to adjacent re-entry folding is 
the ‘telephone switchboard’ or non- 
adjacent re-entry proposed by Flory 
but a few months ago the majority of 
polymer scientists accepted adjacent re- 
entry as the norm. 

Ballard and coworkers discuss their 
results in terms of two models. The 
first, assuming the chain is in a random 
coil configuration, gives a good fit to 
both the radius of gyration and the 
shape of the scattering function. If 
adjacent re-entry folding is assumed, a 
fit can be obtained if the chain folds a 


specific number of times then moves 
to a new crystal, but the constraints 
on the number and length of folds are 
such that it becomes difficult to explain 


the molecular weight dependence of- 


the data. Thus the most satisfactory 
approach is to assume that the chain 
crystallises with no gross distortion of 
the random coil which exists in the 
melt, though local changes must occur. 
A search for other models which fit 
the data is being made. 


These results only apply to daid 


samples as the clustering disqualifies 
results on slowly cooled and solution 
crystallised samples. Defenders of chain 
folding can thus say that it will still 
apply to crystallisation nearer to 
equilibrium. This is unsatisfactory so 
long as there is no prediction as to 
where ‘near equilibrium’ ends. One 
major omission of theories to date is 
that there has been no comprehensive 
attempt to treat the dynamics of the 
chain as it attaches to the crystal. If 
crystallisation is. slow the chain should 
have plenty of time to relax its shape 
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to a ‘jumping jack’ as it is attached 
but when the crystals are growing 
rapidly they may well just entrap chains 
with little relaxation from the random 
coil. At the moment there is no. basis 
for saying where the boundary between 
these two regimes lies. Chain folding 
theories assume that the first case 
applies over most of the normal range, 
my personal opinion is that the second 
case may be the rule, possibly even in 
solution crystallisation. 

In the next year we may expect more 
neutron results on other systems. 
Ideally a polymer may be found where 
the labelled and unlabelled chains do 
not segregate significantly during slow 
crystallisation but since the chain 
motions involved in segregation and 
chain folding must be related we may 
reach an impasse. The adjacent re-entry 
chain folding model has received a 
nasty blow. If it does not survive as 
the description of melt. crystallisation 
much of our understanding of polymer 
structure and properties will have to 
be reassessed. Cl 


Radioastronomy and cosmology 


from M. §. Lonegair 


The cosmological problem as it pre- 
sents itself to the radio astronomer 
was the subject of [AU Symposium 
No 74, 
Cosmology, which was held at the 
Cavendish Laboratory, Cambridge 
on August 16-20, 1976. 


Radio Astronomy and 





THe standard textbooks on cosmology 
describe how the density, deceleration 
and geometry of the Universe may be 
determined from observations of the 
most distant galaxies. The remarkable 
fact that even the brightest extragalac- 
tic radio sources are at very great dis- 
tances means that in principle they can 
be used in all the classical cosmological 
tests. In practice radio sources tell us 
rather little directly about these proper- 
ties of the Universe because the overall 
properties of the radio source popula- 
tion evolve rapidly with cosmological 
epoch. Radio sources are associated 
with the most violently active systems— 
the nuclei of massive galaxies and 
quasars—and in general terms the dis- 
tribution of radio sources traces how 
this violent activity has changed with 
cosmic time. All the evidence suggests 
that the Universe went through a 
period of violent activity when it was 
about one-tenth of its present age. Thus 
the contribution of discrete radio 
sources to cosmological problems is 
directed much more towards physical 


aspects of the evolution of the Universe 
than towards the geometrical questions 
of classical cosmology. 

The emphasis of the symposium was 
on the ways in which observations of 
discrete radio sources provide informa- 
tion of cosmological relevance. In inter- 
preting the data, attention was focused 
on standard evolutionary world models. 

The overwhelming impression was of 
the wealth of high quality observational 
data which has become available in 
recent years at radio and optical wave- 
lengths. The radio observations span a 
range of 10° in sensitivity and the asso- 
ciated optical objects span a range in 
redshifts of at least 0 to 3.53. The radio 
surveys have been directly responsible 
for the discovery of large numbers of 
very large redshift quasars. — 

All such cosmological studies are 
ultimately based on surveys of radio 
sources and very large samples of 
sources are now. available at frequen- 
cies of 0.408, 1.4, 2.7 and 5 GHz. 
Perhaps the simplest of all cosmological 
tests at radio wavelengths is the counts 
of radio sources which are shown in 
Fig 1 in differential form. The number 
of sources SN in the flux density 


interval AS is shown normalised to an 


arbitrary Euclidean count AN» OC os? 
AS. A major advance has been the 
great increase in the numbers of 
sources counted at flux densities 
S<iJy at all frequencies. The be- 


r 
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haviour of the counts at 0.408, 1.4 and 
2.7 GHz is similar, showing three dis- 
tinct regions: at high flux densities, 
S>3 Jy, the observed numbers of 
sources increase relative to the 
Euclidean prediction with decreasing 
flux density; at intermediate flux densi- 
ties, 0.1<S<1 Jy, the numbers follow 
closely the Euclidean prediction; at the 
lowest flux densities, S<O.1 Jy, the 
numbers of sources converge relative 
to the Euclidean prediction. It has been 
known for many years that this be- 
haviour contradicts the result expected 
for a uniform spatial distribution of 
sources which is that the counts should 
be a monotonically decreasing function 
of decreasing flux density and is evi- 
dence that the properties of the radio 
source population have evolved with 
cosmological epoch. As the frequency 
of observation increases, the “‘maxi- 
mum” in the normalised differential 
counts broadens appreciably due to the 
presence of a larger proportion of 
sources with flat radio spectra. At 
§ GHz this broadening is so marked 
that the counts follow closely the 
Eucliden prediction over a wide range 
of flux densities. In view of the small 
difference in frequency between 2.7 and 
5 GHz, such a difference is remarkable 
and suggests that a new class of radio 
source with flat radio spectra appear at 
flux densities $;< 0.1 Jy. Several lines 
of evidence suggest that this new 
class may be weak radio galaxies. 

In the past there have been sugges- 
tions that there are anisotropies in the 
distribution of sources over the sky. 
The large surveys of sources made by 
observers at Bologna, Cambridge, 
Molonglo, NRAO and Parkes have 
now been analysed using the powerful 
technique of power spectrum analysis 
and no evidence for anisotropies has 
been found. The Westerbork observers 
reported the results of many surveys 
made in the flux density range 
§,4<0.1 Jy where the source counts 
converge and no evidence of aniso- 
tropies was found. A few claims of 
anisotropies were made—for example, 
differences in the total numbers of 
sources detected in different sections of 
the Molonglo and NRAO surveys 
which are significant at about the 1% 
level. These results must however be 
compared with the large body of data 
which reveals no significant evidence 
of anisotropy. A. S. Webster (Insti- 
tute of Astronomy. Cambridge) pointed 
out that this provides the best evidence 


for isotropy of the distribution of dis- 


crete objects in the Universe on scales 
~ 1 Gpe. 

The angular diameter-redshift rela- 
tion is an attractive cosmological test 
because all the standard world models 
predict a minimum in the angular size 
of a standard rod with increasing red- 
shift. Since radio sources extend to 


large redshifts, many observers have 
searched for such a minimum using the 
physical size of radio sources as a 
standard rod. R. C. Roeder (David 
Dunlap Observatory, Toronto} 
reminded observers that this result is 
only true if the matter distribution in 
the Universe is uniform; in completely 
inhomogeneous models, the minimum 
disappears. Observations of the relation 
for radio galaxies and quasars with 
redshifts up to 2.8 were reported by 
groups from Cambridge, NRAO and 
Westerbork. All that could be said at 
present was that the angular size distri- 
bution of quasars observed at large 
redshifts appears to agree with what is 
predicted from the known physical 
size distribution at small redshifts al- 
though the statistics are still small. 

A slightly different result is found 
for the related test, the angular dia- 
meter—flux density relation. R. D. 
Ekers (Kapteyn Laboratory, Gronin- 
gen) extended the earlier work of G. 
Swarup and his colleagues (Radio 
Astronomy Centre, Ootacamund). The 
median angular size of complete 
samples of radio sources decreases 
with decreasing flux density until the 
very lowest flux densities, S<0.1 Jy, 
at which the median attains a roughly 
constant value. It is not yet known 
if this is a minimum or an asymptote. 
Calculations by V. Kapahi (Tata Insti- 
tute, Bombay and Groningen) showed 
that even the decrease in the median 
angular size with decreasing flux den- 
sity disagrees with the postulate that 
the physical sizes of radio sources are 
independent of redshift. His results 
suggest that the median physical size 
must be smaller at large redshifts, 
roughly by a factor (1+2 where x ~ 
1 to 1.5. This result does not neces- 
sarily contradict the direct observations 
of the angular diameter—redshift rela- 
tion for quasars—Kapahi’s result refers 
to all radio sources, the other to quasars 
alone. 

Optical identification of radio 
sources has proved to be one of the 
most successful techniques for finding 
very distant galaxies and quasars. R. 
Fanti (Radio Astronomy Laboratory, 
Bologna) and C. Perola (Institute of 
Physics, Milan) showed that for weak 
radio galaxies there is a correlation 
between their radio and optical lumi- 
nosities but for powerful radio galaxies, 
as has been known for many years, the 
dispersion in absolute optical magni- 
tudes is small and is independent of 
radio luminosity. This means that the 
galaxies associated with powerful radio 
sources may be used in the optical 
redshift-magnitude relation. H. E. 
Smith (Physics Department, La Jolla) 
showed that in the past few years this 
approach has led to the discovery of 
eight radio galaxies with measured 
redshifts in the range 0.467 to 0.752 
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Fig. 1 The differential counts of 
radio sources at 0.408, 1.4, 2.7 and 
5 GHz. The hatched areas are counts 
inferred from analyses of “confusion” 
surveys, that is, surveys in which the 
surface density of sources approaches 
one per beam area of the radio tele- 
scope. The ordinate scale is arbitrary. 


and to the possibility of extending 
the redshift-magnitude relation for 
galaxies to significantly larger redshifts 
than before. He was not yet prepared 
to derive a value for the deceleration 
parameter from these data. For the 
quasars, J. N. Bahcall and E. L. Turner 
(Institute of Advanced Studies, Prince- 
ton) showed that despite the enormous 
scatter, their redshift-magnitude rela- 
tion is consistent with the predictions 
of standard world models. 

Given this increase in data, what 
can now be said about the evolution 
of the radio source population with 


cosmological epoch? M. Schmidt 
(California Institute of Technology) 


showed that for all available complete 
low frequency samples of quasars and 
radio quiet quasars the V/Vmax test 
gives consistently values =% 0.65 as 
opposed to the value of 0.5 expected 
for a uniform distribution. The impli- 
cation is that the quasars are found 
preferentially towards the limits of 
their observable volumes implying a 
strong evolutionary effect. One intri- 
guing new result, as yet based on 
rather small statistics, is that the test 
gives the value 0.5 for flat spectrum 
quasars selected at high frequencies. 
If substantiated by improved statistics, 
this result will be difficult to reconcile 
with a simple evolutionary scheme 
because these quasars span a similar 
redshift range to those found in the 
low frequency surveys. 

The counts of radio sources provide 
further constraints upon admissible 
evolutionary models. J. V. Wall 
(MRAO, Cambridge) showed that the 
improved statistics of the source counts 
make it much more difficult to find 
satisfactory models of the source distri- 
bution. All models require the strong 
evolution of only the most powerful 
classes of radio sources with cosmo- 
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logical epoch but it is not yet clear 
whether an abrupt cut-off to the distri- 
bution at large redshifts is necessary. 
Some of these questions may be 
answered by deep optical identification 
surveys of faint radio sources. The 
greatly increased data base provides 
new stimulus to the construction of 
models for the evolution of the radio 
source population. 

There remain all the physical ques- 
tions of the origin and evolution of 
radio sources and quasars. Many new 
facts emerged during the symposium: 
J. G. Bolton (CSIRO, Parkes) showed 
how three types of optical quasar 
could be distinguished on the basis of 
distinctive radio properties; A. Boksen- 
berg (University College, London) 
showed the wealth of information con- 
tained in high resolution absorption 
line spectra of large redshift quasars 
and suggested the lines could be assoc- 
iated with intervening galaxies, a view 
opposed by E. M. Burbidge and H. E. 
Smith (Physics Department, La Jolla) 
who gave reasons for believing them 
to be intrinsic to the quasars; D. E. 
Osterbrock (Lick Observatory) des- 
cribed how detailed optical spectral 
studies of samples of radio galaxies 
enabled the properties of the emitting 
regions to be related to those found 
in other types of active galaxy. 

The fundamental problems of under- 
standing the origin and evolution of the 
radio source population and its signi- 
ficance for the origin and evolution of 
galaxies are far from being solved. It 
was clear from the symposium, how- 
ever, that the impact of radioastronomy 
upon all aspects of cosmology is 
enormous. Detailed coordinated pro- 
grammes of observation at radio and 
optical wavelengths of all types of 
radio source are now under way and 
this fruitful cross-fertilisation is one of 
the most encouraging prospects for 
the future of observational cosmology. 


Infectivity marker 
for hepatitis 


from Arie J. Zuckerman 


INFECTION with hepatitis B virus is 
associated with the appearance in the 
serum of hepatitis B surface antigen 
(originally referred to as Australia anti- 
gen) and its homologous antibody. A 
second antigen, located in the core of 
the 42-45mm double-shelled spheroidal 
Dane particle, is intimately associated 
with the infection and gives rise to the 
core antibody. These markers have 
proved extremely valuable in unravel- 
ling the epidemiology of hepatitis B 


and establishing the global dissemin- 
ation and importance of this infection 
(see Nature, 247, 2; 1974), have made 
possible the routine screening of blood 
donors for the surface antigen, and 
resulted in remarkable advances in 
knowledge of the virology and immuno- 
pathogenesis of hepatitis B and its asso- 
ciated chronic liver disease. In addition, 
the spread of infection can now be 
controlled in given circumstances, and 
more recently there have been far- 
reaching developments which include 
passive and active immunisation. 

But despite the remarkably rapid 
application of these laboratory findings 
in clinical practice and preventive 
medicine a major problem remains 
unsolved. Hepatitis B virus has not 
been successfully propagated in tissue 
culture so that an in vitro assay system 
for infectivity is not available, and in 
its absence progress towards determin- 
ing infectivity has been extremely 
limited. Only two species are known to 
be susceptible to hepatitis B, man and 
the chimpanzee. Infectivity cannot, and 
indeed must not, be experimentally 
measured in man, although some in- 
formation can be deduced retrospec- 
tively in certain epidemiological settings 
and as a result of the application of 
newly developed sensitive serological 
markers which indicate exposure to the 
virus. Hepatitis B surface antigen and 
surface antibody were found in the 
serum of chimpanzees imported from 
Africa and living in captivity, suggest- 
ing that this species may be susceptible 
to hepatitis B infection, Experimental 
transmission of hepatitis B to a small 
number of previously unexposed chim- 
panzees established that the disease 
resembles clinically that in man and that 
the serological responses are identical. 
Although chimpanzees will be essential 
for assessing the infectivity, efficacy 
and safety of experimental hepatitis B 
vaccines now under development, there 
are many practical disadvantages to 
using them as animal models including 
their limited availability and expense. 
The world populations of the apes are 
already alarmingly small and these 
animals must be protected. Chim- 
panzees, although not as rare as the 
other apes, are being subjected to the 
combined threats of overhunting and 
the encroachment of civilisation, and 
they should be used with the greatest 
discretion for hepatitis studies (Wld 
Hith Org. tech. Rep. Ser., No 512, 
1973; No 570, 1975). 

Nevertheless, methods for determin- 
ing infectivity are needed not only for 
the safety testing and evaluation of 
prospective hepatitis B vaccines but 
also for monitoring the removal of in- 
fectious virus from blood and blood 
products, for establishing physical and 
chemical methods of inactivation of 
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hepatitis B virus, and, of course, for 
the identification of infective carriers 
of the surface antigen of whom there 
are at a conservative estimate over 110 
million (see Nature, 250, 101; 1974). 

It now seems that a potentially useful 
serological marker of relative infec- 
tivity may be available. This is a dis- 
tinct soluble antigen, which although 
discovered in 1972 by Magnius and 
Espmark (J. Immun., 109, 1017; 1972), 
has until recently received little atten- 
tion. The antigen—termed e—was 
found in some sera containing hepatitis 
B surface antigen and it differs im- 
munologically and physicochemically 
from the previously described deter- 
minants of the surface antigen 
(Magnius, Clin. exp. Immun., 20, 209; 
1975). Paradoxically, antibody against e 
has been found in serum specimens 
from healthy carriers. 

The e antigen seems to be somehow 
intimately associated with the patho- 
genesis of liver damage. In other studies 
the e antigen was found by the im- 
munodiffusion technique to be signifi- 
cantly more common in patients with 
chronic liver disease with persistent 
hepatitis B  antigenaemia than in 
patients with acute viral hepatitis. 
Furthermore, the e antigen seemed to 
be a valuable prognostic marker since 
progression to chronic liver disease was 
recorded by serial liver biopsies in a 
number of patients with surface 
antigen-positive acute hepatitis asso- 
ciated with e. The clinical significance 
of the e antigen was supported by 
differences in the clinical, biochemical, 
and histological findings between 
patients with the e antigen and those 
without this antigen during the initial 
phase of viral hepatitis. The e antigen 
has also been found more frequently in 
surface antigen carriers with histo- 
logical evidence of chronic liver dam- 
age. The presence of e antibody, 
however, is in general associated with 
only minor histological changes in the 
liver. 

Other observations have also linked 
the e antigen with infectivity. It was 
commonly found in patients receiving 
treatment by maintenance haemo- 
dialysis and the antigen also appeared 
in the serum early in the incubation 
period of acute hepatitis B, at about 
the time of appearance of the surface 
antigen and before elevation of the 
serum transaminases. Furthermore, 
most of 12 healthy surface antigen 
carriers who had donated blood without 
producing clinical hepatitis in recipients 
possessed e antibody, which suggests 
that when this antibody is present the 
carriers may no longer be infectious. 

Two very recent reports provide 
additional evidence for the relationship 
of the e antigen with infectivitv. Okada 
and associates (New Enel. J. Med., 294, 
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Remarkable new beetle from central Italy 


THE coleopterous fauna of Europe is 
undoubtedly better known than that 
of any comparable continental area in 
the world. By this time, to discover 
even a species new to science is a 
notable event in the life of a beetle 
collector; the discovery of a genuinely 
new genus in western Europe is some- 
thing very few can hope to achieve. 
The finder of a new species represent- 
ing a new taxon at higher than the 
generic level is almost unique in the 
last half century. 

The fact that this has been achieved 
by Signor Roberto Pace of Verona, is 
not purely a matter of good fortune; 
he has been actively exploring a type 
of habitat which beetle collectors, 
except for a few in France, hawe 
largely negiected—the deeper layers 
of the soil. For the lack of an estab- 
lished English term for beetles of this 
type, we may adopt the French 
endogées. Endogean beetles have a 
good deal in common with caver- 
nicolous ones—also studied mainly in 
France—and like them are scarcely 
represented in the British fauna. 
Endogées are usuaHy small, eyeless, 
wingless, and more or less depig- 
mented; from the obscurity of their 
habat, very little is known about 
their foods or life cycles. 

The insect discovered near Lazio in 
Central Italy by Pace (Boll. Mus. ctv. 
St. nat. Verona, W, 445; 1975) repre- 
gents not merely a new taxon of at 
least tribal level, but also a family and 
suborder hitherto unknown in the 


modern European fauna—and within . 


the family and suborder represents a 
new and quite unexpected adaptive 
type. The suborder Archostemata, to 
which Crowsonlella relicta Pace 
belongs, is today a very small relict 
group, to which the oldest known 
fossils of Coleoptera (of Permian age, 
see Ponomarenko, (The Historical De- 
velopment of Archostematan Beetles, 
Moscow, 1969)) have been attributed. 
Fossils of Archostemata are more or 
less numerous in “insect beds” 
throughout the Mesozoic era, but be- 
come much rarer in Tertiary deposits, 
more or less parallel to egg-laying 
mammals or Dipnoan tung-fishes. 
Recent Archostemata are now 
placed in four small families (Crow- 


746; 1976) examined for e antigen and 
antibody, serum samples from twenty- 
three pregnant women who were 
asymptomatic carriers of hepatitis B 
surface antigen. Ten mothers with e 
antigen and seven with e antibody were 
identified. Their babies were tested at 
intervals for over a year after birth. All 
ten babies born to mothers with the e 
antigen acquired the surface antigen 
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son, Boll Mus. civ. St. nat. Verona, 
II, 459; 1975); Ommadidae with one 
genus and two species in Australia; 
Tetraphaleridae with two species of 
Tetraphalerus in extra-tropical South 
America plus Crowsoniella in Italy; 
Cupedidae with four genera and 
about twenty species distributed 
through the main continental areas 
except for Europe and New Zealand; 
and Micromalthidae with a species in 
North America and a possibly distinct 
one in South Africa (Pringle, Trans. 
R. ent. Soc. Lond., 87, 271; 1938). 
The larvae ace definitely known to be 
woodborers in Micromalthus and a 
number of apecitts of Cupes in 
America, Japan and Australia, and it 
is believed that this habit is general 
in the suborder. Except for Micro- 
malthus and Crowsonlella, modern 
Archostemata are moderate-sized 
beeties with a body dength rarely less 
than 7mm, with well-developed 
wings, and active flight has been 
noted in several species. 

Apart from Crowsoniella, the only 
record of subterranean habits in the 
group is for Mlcromalthus, found 
breeding in timbers of more or less 
deep mines in South Africa (Pringle, 
op. cit). However, species of Tetra- 
phalerus have been collected in 
Argentina (Monros and Monros, An. 
Soc. cient. Argentina, 154, 19; 1952) 
in areas of bushy vegetation with no 
large trees, which would seem to be 
unlikely to furnish the fungus 
attacked dead trunks and logs which 


which persisted throughout the period 
of observation, and interestingly 
enough all ten elder siblings of these 
newborn infants were also found to be 
asymptomatic carriers. In marked con- 
trast, all seven babies born to mothers 
with e antibody escaped infection with 
hepatitis B virus and none of their 
three elder siblings were surface anti- 
gen carriers. It was concluded that the 


are the usual breeding grounds of 
Cupes species; it seems quite possible 
that Tetraphalerus breeds in dead 
roots underground. If so, the habits 
of Crowsoniella might appear as a 
natural developmem from those of 
T etraphalerus. 

The antiquity of the Tetraphalerus 
line is indicated by well-preserved 
fossils, apparently close to the recent 
genus, in Jurassic deposits of the 
USSR (Ponomarenko, op. cit.), and 
the Tertiary occurrence of the type 
in Burope is shown by the fossil 
Tetraphalerites oligocenius (Crow- 
son, Ann. Mag. nat Hist, (B) 5, 147; 
1962) from the Bembridge limestone 
of the Isle of Wight. The Crowsoniella 
line may well have evolved its flight- 
less and subterranean adults in the 
Mediterranean region during the 
Tertiary era. In having antennal 
grooves above rather than below the 
eyes, Crowsoniella differs from Tetra- 
phalerus but may resemble some of 
the Mesozoic fossils described by 
Ponomarenko—the separation of the 
two lines may even be of Jurassic 
origin. Unfortunately the head is not 
preserved in the fossil Tetraphalerites. 

Crowsoniella is surely one of the 
most ancient elements in the hypo- 
gean fauna of Europe; the possibihty 
remains that related types wHl even- 
tually be discovered elsewhere, e.g. 
in the Balkan peninsula, or even the 
Crimea or the Caucasus, if and when 
systematic search for hypogean forms 
is undertaken in those areas. 


e antigen may be used as an indicator 
of transmission of hepatitis B virus 
from carrier mothers to their children 
Interesting results were also obtained 
by Grady and colleagues (Lancet, i, 
492: 1976) during a survey of medical 
personne] accidentally inoculated with 
blood containing henatitis B surface 
antigen. Hepatitis B infection or a sur- 
face antibody response occurred in 
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60% when e antigen was detected in 
the inoculum compared with 31% when 
e antigen was not detectable. The e 
antigen was detected in 74% of inocula 
accidentally sustained in maintenance 
rena! dialysis and transplantation units, 
which are recognised hepatitis “high 
risk” areas, compared with 20% in 
other clinical units and the resulting 
incidence of hepatitis was 22% and 6% 
respectively. It was pointed out that if 
the correlation of e antigen and in- 
fectivity is indeed better than indicated 
by the results of this study, and the 
correlation is not merely an indirect 
reflection of some more specifically 
related phenomenon, then improve- 
ments in the sensitivity of the test will 
be of great value and the potential 
application to the problems of the 
transmission of hepatitis B virus will 
be almost limitless, a 


Soil structure 


discussions in 
Adelaide 


from I. J. Smalley 


A meeting of the Soil Physics 


Commission of the International 
Society of Soil Science was held at 
the Waite Research Institute, Uni- 
versity of Adelaide, on August 23-27, 


1976. The topic was Modification of 
Soll Structure and the proceedings 
edited by W. W. Emerson, R. D. 
Bond, and A. R. Dexter) will be 
published by John Wiley, London. 





AUSTRALIA is the driest continent and 
it is also the saltiest, This fact causes 
great problems for Australian agricul- 
ture, and for the new town builders at 
Monarto, particularly as the irrigation 
water often carries a significant pro- 
portion of dissolved salt. But a salty 
clay can make a good cricket pitch, as 
J. R. Harris (CSIRO Division of Soils) 
pointed out in his paper on the main- 
tenance of soil structure under playing 
turf. Different sports impose widely 
differing conditions, The soil structure 
of a cricket wicket requires fine 
structured clays of high bulk density 
to be maintained in a condition in 
which plasticity is retained when wet. 
When dry, the bounce height of the 
cricket ball and the ability to with- 
stand intensive playing wear at the sur- 
face are important characteristics to 


match against soil properties. At the 


other extreme of the soil structure 
scale, bowling and putting greens are 
generally constructed on coarse-struc- 
tured sands where the emphasis will be 


on free drainage of surface waters and 
free rolling of the ball. 

Discussion of sporting applications 
however, occupied only a very small 
proportion of the meeting; sessions 
were held on forces between colloidal 
particles, soil geometry, soil strength, 
soil tillage, soil management, soñ 
permeability, measurement of aggre- 
gate stability, organic matter and 
aggregate stability, oxides and soil 
aggregation, organic material and soil 
structure, modification of soil structure 
with organic polymers—in all over fifty 
papers were presented. 

The use of soil conditioners (admix- 
tures to preserve a desirable soil struc- 
ture) was discussed at some length and 
the meeting was to a large extent a 
continuation of the annual discussions 
on soil conditioners (see News and 
Views, 258, 483; 1975). There is grow- 
ing interest in conditioners as they be- 
come more economic and are seen to 
be effective. Soil conditioning is based 
on several more or less basic pheno- 
mena. One is aggregation of soil par- 
ticles, which itself depends on adhesion 
between particles and binding material. 
In nature, the adhesive product is 
humus, an ill-defined polymeric 
material originated by organic matter. 
Soil conditioners are chemically similar 
and indeed provide adhesive forces be- 
tween soil particles. J. P. Quirk and 
A. M. Posner (Universities of Adelaide 
and Western Australia) and their co- 
workers presented recent data on poly- 
vinyl alcohol, particularly with respect 
to adsorption behaviour on different 
soil colloids. It seems that there are 
significant conformational differences 
between polyvinyl alcohol adsorbed on 
clay surfaces and on the hydrated alu- 
minium oxide, gibbsite. 

Some fundamental studies on soil 
structure and strength were reported. 
J. N. Tsraelachvili and G. E. Adams 
(Australian National University) have 
measured the forces between two mica 
surfaces in KNO; solutions. The results 
exhibit all the essential features 
characteristic of an interaction involv- 
ing repulsive double-laver forces and 
attractive van der Waals forces (see 
also Nature, 262, 774: 1976). R. C. 
Foster (CSTRO Division of Soils) pre- 
sented ultramicromorphological data on 
some South Australian soils. Soils 
from irrigated pastures contained large 
amounts of organic materials, mainly 
plant remains in various stages of de- 
composition. Phytoliths were common, 
but the soil largely consisted of highly 
compressed and distorted cell wall frag- 
ments containing much polyphenolic 
material. Layers of clay particles down 
to 0.1 m thick were trapped between 
the organic lavers. Near living roots 
and also sometimes at considerable 
distances from them, polysaccharide 
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mucigels up to 20 um thick occurred. 
J. E. Lloyd (University of Sydney) 
described a torsional shear box de- 
signed to measure the strength of seed 
beds. The identification of interest of 
participating engineers and agricul- 
turists was here most noticeably 
achieved. In general the engineers at 
the meeting probably learnt more from 
the agricultural specialists than vice 
versa, but now that the engineers have 
decided that soil structure at the single 
particle level is important no doubt 
they will contribute more and more to 
this developing subject. a 





A hundred years ago 


THe obstruction at the entrance to 
New York Harbour known as Hell 
Gate was successfully removed by an 
explosion of dynamite on Sunday after- 
noon without any of the disasters that 
many people anticipated. The mass to 
be removed was about 70,000 cubic 
vards. The number of borings was 
3,500; the number of galvanic batteries 
200, placed in an explosion-proof 
chamber at a distance of 200 feet from 
Hell Gate. The diameter of the borings 
was uniformly 3 inches, and the depth 
varied according to circumstances, 
from 3 to II feet. Fifty thousand 
pounds of dynamite were used. The 
shock was not perceptible, not even 
glass being broken. A vast volume of 
water and smoke was driven about fifty 
feet into the air. All the charges were 
exploded, and the rock is stated to 
have been thoroughly removed. The 
explosion was heard at a distance of 
ten miles, and a tremor like a slight 
earthquake was heard in New York 
City and the localities contiguous to 
Hell Gate. The work has been in 
progress for seven years. 


EARTHQUAKES were felt on the night of 
September 12-13, at Salonica, and in 
South Ttalvy, at Reggio. Two motions 
were observed in the last city, the first 
one being the most notable, both having 
taken place on the 13th, between 12 
and 1 o'clock, local time. Another 
earthquake was felt at Salonica, on the 
14th, at 5 o'clock in the morning, The 
Reggio commotions were propagated to 
Messina and vicinity. They produced 
quite a sensation, although not 
destructive. 


Tue splendid orang-utang in the Berlin 
Aquarium died last week of consump- 
tion. Tts friend and playfellow, the 
chimpanzee, died the next day of con- 
sumption and grief. The young gorilla, 
the one living specimen ever brought to 
Europe, which we referred to some 
months ago, is still alive, but ailing. 
Hamburg not long ago offered 100,000 
marks for the gorilla; it is feared that 
he will soon be sold for less. 

From Nature, 14, September 28, 496, 
497: 1876. 
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Recent theoretical developments indicate that the presence of gravity (curved space-time) can give 
rise to important new quantum effects, such as cosmological particle production and black-hole 
evaporation. These processes hint at intriguing new relations between quantum theory, thermodynamics 
and space-time structure and encourage the hope that a better understanding of a full quantum theory 


of gravity may emerge from this approach. 





Durinc the first quarter of this century, two major revolutions 
in physical science led to a complete restructuring of funda- 
mental theoretical physics. The quantum theory met spectacular 
success in describing microscopic phenomena, such as atomic 
structure and chemical bonding. The theory of relativity, 
essentially a macroscopic theory, triumphantly explained the 
known discrepancy in the motion of the planet Mercury, and 
provided a basis for the understanding of cosmology. In its 
“special” form, applicable when gravity is negligible but 
velocities are large, the theory of relativity combines naturally 
with the quantum theory to yield a rich harvest of new results. 
The discovery of electron spin and antimatter arose directly out 
of this synthesis. So too did relativistic quantum field theory, 
which describes, for example, the interaction of electrically 
charged matter and electromagnetic radiation. This hybrid 
theory produced the modern conception of an elementary 
particle. The quantum field theory version of a particle differs in 
many respects from the classical notion of a little localised 
lump of energy. The prototype of the new version is the photon. 
It is the product of applying quantum theory to the electro- 
magnetic field. Although the word “photon” conjures up the 
image of a tiny packet of light, this is quite misleading in a 
crucial respect. What is being quantised is not a localised object, 
but a mode of the wave field--something spread out over all of 
space. ee 

The successful reconciliation of special relativity and quantum 
theory does not extend to the general case, where gravity is 
strong. Because the latter circumstances usually occur only 
in macroscopic systems, whereas quantum phenomena are 
microscopic, this mismatch has not been too serious in practice. 
In recent years, however, some interesting new possibilities 
have arisen, in which a proper understanding of quantum 
phenomena in strong gravitational fields might produce 
important advances in theory, and even lead to observational 
consequences. 

The long term objective is to construct a full, consistent 
theory of quantum gravity, with the gravitational field itself 
quantised, perhaps after the fashion of the quantised electro- 
magnetic field'. Even after many years of effort, this objective 
remains as elusive as ever. Sometimes it is conjectured that such 
theory would only be relevant on the minute length scale of 
10733 cm-— the so-called Planck length, (G//c*)'—reducing the 
quantum gravity programme to a purely academic exercise. It 
now seems, however, that gravity may well lead to important 
quantum effects at much larger distances than this. 

The basis for this new expectation is a study in which gravity 
oe King’s College, London University, Strand, London WC2R 
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is treated tentatively as a classical (unquantised} background 
field, in the presence of which all other fields are to be quantised. 
This somewhat easier approach is known as quantum field 
theory in curved space-time, because the unique status of the 
gravitational field as a geometric entity (the curvature of 
space-time) has encouraged a geometrical approach to quantum 
field theory, in the hope of a fresh perspective on formidable 
problems of principle. These problems always arise when the 
effects of external classical fields intrude into quantum field 
theory. It is hoped, though by no means certain, that the 
background field method represents a consistent first approxi- 
mation, valid for distances much greater than the Planck 
length, to a (future) full theory of quantum gravity. 

Although only tentative, this semi-classical treatment has 
nevertheless led to some unexpected discoveries, which may well 
point the way to a better understanding of the relationship 
between space-time structure and quantum theory. 


Theoretical problems 


Before describing those discoveries, it is necessary to explain 
the radical departures which the introduction of gravity into 
quantum field theory entails. 

First, because the concept of “particle” is a global one, 
particle processes are sensitive to the global structure of the 
space-time. Ordinary quantum field theory depends heavily on 
the simple global properties of flat Minkowski space. Particles 
are defined successfully with reference to the underlying 
geometrical symmetries of this space. In a general curved 
space-time these symmetries are absent, and the notion of- 
“particle” is without obvious meaning. Added to this is the 
problem that in general relativity, space-time may have new 
features such as horizons and singularities which must be taken 
into account in any satisfactory theory of quantum fields in 
curved space. 

In certain simple cases, it may happen that the space-time 
possesses sufficient symmetry for a natural generalisation of the 
Minkowski space definition of a particle. This is so if the gravita- 
tional field is static, for example*-*. One distinctive state of a 
quantum field is that in which no particles at all are present. 
This is called the vacuum state. In Minkowski space the vacuum 
state is well defined, and corresponds intuitively to what we 
usually understand as a physical vacuum. In a more general 
space-time this is no longer true. What may be regarded as a 
vacuum in one reference frame (system of coordinates} may not 
be a vacuum in another frame. A very simple and dramatic 
illustration of this has been given by Stephen Fulling’. The 
essential features are present even in two-dimensional space- 
time, a diagram of which is shown in Fig, |. An observer at 
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rest in the (t,x) frame follows the world line A. The other world 
line (B) corresponds to an observer who undergoes uniform 
proper acceleration to the right, for all time. His velocity 
relative to A approaches that of light for t--+.c. The light 
rays through the origin are drawn at 45° for convenience. 
Because information cannot propagate faster than light, these 
light rays act as an event horizon for B. He can never know 
about events which occur in the region marked “black hole”. 
This appellation is used because the Universe in the direction of 
A would grow very dark as B zooms off to the right, on account 
of an escalating Doppler shift acting on any light travelling 
from A to B. 

The space-time accessible to B is only a portion of the whole 
Minkowski space. It may be covered by a single coordinate 
system. In this portion, the space-time is still flat, but differs 
globally from Minkowski space because of the event horizon. It 
is a static universe, so that natural definitions of particle states 
and vacuum exist. Fulling showed that the vacuum state in this 
portion differs from the usual Minkowski space vacuum. This 
means that what A regards as a vacuum B does not. This has 
been interpreted by some‘ to mean that B will “see” particles, 
whereas A will not, a somewhat paradoxical idea. There is, 
however, no reason to suppose that the “particles” which B 
considers present correspond to “real” physical particles. 





Fig. 1 The observer B undergoes uniform acceleration, while A 
remains at rest. The light ray through the origin to which B’s 
trajectory is approaching forms an event horizon. B cannot see 
events above this line. This region of space-time is a “black 
hole”; light approaching B near this horizon becomes pro- 
gressively more redshifted by the Doppler effect. The observer B 
has a completely different description of quantum particle states 
from that of A, who crosses into the black hole. 


Using a simple geometrical argument, it is possible to show® 
that the spectrum of this mysterious radiation (in the massless 
case) is a Planck spectrum, corresponding to thermal equilibrium 
radiation at a temperature of a/2n, where a is the proper 
acceleration of the observer B. Recently, William Unruh has 
analysed the response of a simple model particle detector 
undergoing uniform acceleration, and confirmed that it does 
indeed detect thermal radiation at this temperatures, 

In this simple case, it is tempting to regard the unconventional 
vacuum as “unphysical”. The enigmatic thermal radiation 
detected by B would then be dismissed as a disturbance caused 
by the agency which accelerates B. In a general space-time, 
however there is no easy way to single out one vacuum state 
over another. Nobody yet knows how to define a vacuum state 
in the general case. 


Nature Vol. 263 September 30 1976 


The stress tensor 


The ambiguities inherent in the concept of particles in regions 
of high space-time curvature has prompted an entirely different 
approach to quantum field theory in curved space’. In this new 
approach, one deals with mathematical objects which may be 
defined locally, and not globally as with particles. One important 
example is known as the stress~energy-momentum tensor, or 
stress tensor, for short. This object has the additional feature 
of acting as a source of gravity in Einstein’s field equations, so 
that ultimately one might hope to be able to solve the theory of 
the coupled classical gravitational-quantum matter fields self- 
consistently. 

Not all the difficulties associated with particle states are 
thereby circumvented, because the stress tensor must be 
calculated as an expectation value in some quantum state. 

There are, however, several interesting situations in which, 
at some instant in the past, there exists a well defined vacuum 
state. The expectation value of the stress tensor can then be 
calculated in parts of the space-time which are strongly curved, 
as an expectation value in this initial vacuum state. 

The simplest possible such case occurs if one starts with 
Minkowski space, and then disrupts it by introducing bound- 
aries of some sort. This can be achieved in practice, for the 
electromagnetic field, using electrically conducting plates or 
mirrors, which reflect the field at their surfaces (see Fig. 2). 
If two such plates are held parallel and close, the Minkowski 
space vacuum is disturbed, even if the plates carry no electric 
charge. The reason is easy to understand. Modes of the field with 
wavelength greater than the separation of the plates cannot form 
as standing waves in the region between them, so they do not 
contribute to the vacuum energy. 

It is easy to calculate the stress tensor between the plates. It 
was first done by Larry Ford®. The calculation does involve one 
fundamental and far-reaching subtlety, though. Formally, the 
stress tensor is infinite. This unpalatable circumstance is a result 
of the so-called “ultraviolet divergence”, which is a universal 
problem in quantum field theory. It arises because even in the 
vacuum state, each mode of the field with frequency œ still 
has a zero-point quantum energy of f œ. Because the number 
of modes is infinite, the sum of all this energy is also infinite, 
progressively greater zero-point energy being contributed by 
the shorter wavelength modes. 

In special relativity, this is no problem, because only 
differences in energy are observable. And the differences 
between empty Minkowski space and that with the parallel 
plates is finite. After subtracting away the divergent part Ford 
discovered that there was a uniform, static negative energy 
density between the plates. One consequence of this result is 


Fig. 2 The Casimir Effect. Relative to the surrounding vacuum 

the space between the parallel conducting plates has negative 

energy, spread in a uniform cloud between the plates. It results 

in an electromagnetic force of attraction between the plates 

even though they are electrically neutral and there are no 
photons present. 
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that an electromagnetic force of attraction should exist between 
the mirrors, even though they are electrically neutral. This effect 
had been known for many years, and is called the Casimir 
effect. It was predicted in 1948 by H. B. G. Casimir? and has 
since been measured experimentally®. 

If the mirrors are allowed to move about, a new phenomenon 
occurs. The static energy density between the plates is augmented 
by a flux of energy arising from the surface of the moving 
mirror. In a two-dimensional model, it is possible for the stress 
tensor to be calculated exactly in terms of functions implicitly 
dependent on the mirror trajectory'!. If the system eventually 
becomes static once more, particle states may be defined in 
that future region, and the new phenomenon may be described 
as particle creation by the moving mirrors. This particle 
creation is present even for a single moving mirror. 

The moving mirror models are useful in that they display 
in the simplest possible way some of the essential features of 
how the vacuum state may be disturbed by geometrical effects. 
When space-time curvature is allowed, similar phenomena 
occur. 


Cosmology 


Astronomy provides two scenarios in which gravity is strong 
enough to stimulate important quantum effects. The first is 
gravitational collapse, the second is big-bang cosmology. 

The pioneering work on the cosmological case was carried 
out by Leonard Parker in the late 1960s. He showed that 
particles are created in an expanding universe, though exceed- 
ingly inefficiently in present conditions!?. The motion of the 
universe acts in much the same way as the motion of mirrors, 
by disturbing the static vacuum. The more violent the motion, 
the greater the production rate. 

During the early stages of the cosmological expansion, the 
expansion rate was enormously faster than now. At very early 
times, say 10~** s—long before the Universe had even reached 
the reasonably well understood lepton era—this production 
may have been so prolific that it drastically modified the 
cosmological dynamics. In particular, if the expansion was 
anisotropic (different in different directions), then the effect of 
the particle production may have been to “smooth” out the 
anisotropy. It is a curious unexplained feature that the present 
condition of the Universe is one of high isotropy. There are 
hopes that this may now be understood as a result of the back- 
reaction of quantum effects. Very detailed studies!*" by the 
Russian astrophysicists Ya B. Zeld’ovich, A. A. Starobinskii 
and V. N. Lukas encourage these hopes. 

It is important to realise that in the curved space case, the 
particle production occurs out of empty space. It does not 
arise from sources, or even from moving surfaces. The curvature 
of space-time itself may be caused by the presence of matter, 
but this matter does not directly cause the particle production. 

Cosmological models have provided important “testing” 
scenarios for quantum stress tensor calculations (refs 13-16 
and unpublished work of J. S. Dowker, R. Critchley, P.C.W.D. 
and S. A. Fulling). But now a host of new problems arises. 
Infinite terms which depend on the space-time curvature occur 
that cannot be removed by subtracting away the infinity which 
is already present in the Minkowski space case. Some of these 
terms have the same geometric structure as the left-hand side of 
Finstein’s field equations, so they can be regarded as simply 
“renormalising” the values of the Newtonian gravitational 
constant G or Einstein’s cosmological constant, albeit by an 
infinite amount. Other infinite terms cannot be so treated, and 
require a modification of the field equations to accommodate 
them. On top of all this the finite part of the difference (and 
perhaps some additional infinite terms) seems to contain 
ambiguities, which depend on the method by which the infinities 
are subtracted, There is no doubt that these ambiguities, which 
are probably inherent in the whole theory, present a major 
obstacle to understanding the subject. To remove the am- 
biguities, it is necessary to appeal to principles outside quantum 
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field theory. Although there is no general agreement on what 
principles to invoke, very reasonable expressions for the stress 
tensor have been obtained by these methods (P.C.W.D., and 
S. A. Fulling, unpublished). For example, it seerns certain that 
there is precisely no creation of photons in an homogeneous, 
isotropic universe, although there is probably still a non-zero 
vacuum energy density due to the space-time curvature. 


Black holes 


Gravitational collapse provides a rare opportunity for the 
application of quantum field theory because the space~time is 
approximately flat in the distant region where an observer 
would be located in practice. For this reason, the asymptotic 
situation may be described in terms of particles. 

A study of this apparently very complicated problem has 
been carried out by Stephen Hawking”, with very far-reaching 
consequences. The collapse, of a spherical star for example, 
disturbs the initial vacuum of the quantum field, and induces a 
flux of particles out of the collapsing object. The situation is 
closely analogous to the accelerated observer shown in Fig, 1. 
An event horizon forms around the collapsing matter; there is 
an infinite redshift from the surface. In this case B corresponds 
to the distant (inertial) observer who watches the collapse. The 
result is the same. He sees a flux of thermal radiation coming 
from the black hole. The temperature of this radiation is quite 
independent of the details of the star or its collapse history; it 
depends only on the mass M of the star through the formula 
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More complicated expressions have also been derived for 
rotating and electrically charged black holes. 

This astonishing discovery by Hawking has provided an 
enormous stimulus to the whole subject of quantum field theory 
in curved space. It also has profound implications in a wider 
sense. The created particles constitute a radiation fux in the 
asymptotic region where space-time is flat. This time the flux 
can, therefore, be unambiguously interpreted as a real flux of 
energy, coming out of the black hole. It follows that the black 
hole must shrink as its mass decreases. But as M falls, the 
temperature rises. Eventually the black hole apparently dis- 
appears in an explosive burst of radiation. In practice, only 
black holes of microscopic size, such as may have been formed 
early on in the big bang, will have suffered this fate, for a solar 
mass black hole has a temperature of a mere 10°* K, and 
quantum effects are negligible. 

The fact that black holes have a temperature implies that 
they are, in some sense, in thermal equilibrium, This means _ 
that they may be treated using thermodynamics. Direct 
analogues of the laws of thermodynamics were already known 
to apply to black holes even before Hawking’s discovery!*. Now 
these laws can be placed on a sound footing and new properties 
of black holes may be discovered'*®. For example, it turns out that 
rotating or charged black holes undergo a thermodynamic phase 
transition at high values of angular momentum or electric 
charge. Although it is only a conjecture, many people believe 
that Hawking’s result heralds the discovery of important new 
connections between gravity, thermodynamics and quantum 
theory, with implications far beyond the subject of black holes. 

Several enigmas remain. What does an observer who falls 
into the black hole see? How does the radiation react back on 
the hole, causing it to shrink? Where exactly is the radiation 
produced? What happens to the baryons which went to make 
up the collapsing star, which apparently disappears completely ? 

To answer these questions it is necessary to know what is 
happening near, and inside, the black hole, where the space-time 
curvature is comparable to the relevant radiation wavelengths 
and the particle concept breaks down. Some useful facts 
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emerge from a calculation®®*! of the stress tensor. So far, this 
has only been done in two-dimensional models, though the 
essential features of the Hawking process are still present. 

The results show that, in the reference frame of an observer 
at fixed distance from the centre of the star, the star seems to 
be surrounded by a cloud of static negative energy. This energy 
density is sometimes called vacuum polarisation, and is similar 
to that between the conducting plates in the Casimir effect. It 
is caused by the static space curvature around the star, and 
falls off rapidly with distance from its centre. If the star now 
implodes, a steady flux of energy is superimposed on this static 
cloud. At great distance this flux is the only contribution to 
the stress tensor and represents the Hawking radiation. The 
flux term arises mainly from the surface, and also the interior, 
of the star. This does not mean however, that particles are 
created there. Particles are not well defined in this region. 

As the star shrinks inside the event horizon, the negative 
energy cloud around the star can stream into the black hole, 
causing its mass, and size, to decrease. The precise effect that 
this has on the collapsing matter is still uncertain. 

The separation into flux and vacuum polarisation terms is 
really somewhat artificial, because it depends on the reference 
frame used by the observer. If the observer falls into the black 
hole, the situation is very different. He sweeps through the 
vacuum polarisation as he falls, so it appears to him no longer 
a static cloud but an outgoing flux of negative energy. By the 
time he reaches the event horizon, this flux is comparable in 
magnitude, but opposite in sign to the Hawking flux. Thus, he 
does not see much of the radiation which appears to his colleague 
out at infinity. This is consistent with the analogous situation 
shown in Fig. 1. There the inertial observer A who, you will 
recall, sees no particles in Minkowski space, corresponds to the 
falling observer who enters the black hole. 

In practice, the quantum fields which are most important for 
the black-hole evaporation are the massless ones—electro- 
magnetic, neutrino and, paradoxically, the gravitational field 
itself. If gravitons exist, they too will be radiated. Calculations** 
show that 2° of the luminosity will be due to gravitons, 17% 
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to photons and 81 % to neutrinos. If the black hole rotates, the 
graviton flux is greatly enhanced. The Hawking effect thus 
produces the extraordinary situation that graviton processes 
are comparable in efficiency to electromagnetic processes. 
Rather than being restricted to the relatively uninteresting 
scale of 10~** cm it is seen that on the much larger scale of say, 
10-7" cm, full quantum gravity effects cause significant changes 
in the behaviour of strongly gravitating systems. These changes 
could be observed in principle; for example, by measuring the 
change in the orbital radius around the Sun of a mini black hole 
of mass about 10" g. The rate of increase around the Sun of the 
orbital radius would depend sensitively on the mass loss rate, 
including that due to gravitons. 

The new results of the past five years have enormously 
increased interest in quantum gravity. In spite of its highly 
esoteric nature, this subject is already seen to provide important 
new advances in hitherto unrelated subjects, such as black 
holes, thermodynamics and cosmology. The next five years 
can be expected to produce more advances still. 
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Geology and late Cainozoic lake sediments of 
the Suguta Trough, Kenya 


P. H. Truckle 


Geology Department, Bedford College, Regent’s Park, London NWI 4NS, UK 


A consideration of the geological evolution and late 
Cainozoic lake deposits of the Suguta Trough in Kenya 
shows that for the later part of its history the growth 
of Lake Suguta was probably independent of that of 
Lake Rudolph, but was influenced instead by climatic 
change. 


ee 


Tue Suguta Trough (Fig. 1) is the northward continuation 
of the axial trough of the Kenya Rift. At this latitude the 
main rift is an ill-defined wide zone of faulting 130km 
across. Northwards the trough passes into the southern end 
of the Lake Rudolph (renamed Lake Turkana) Basin, 
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and has its structural continuation in the Lake Stephanie 
Trough’. At present the Suguta and Lake Rudolph troughs 
are separated by the Barrier Volcanic Complex. The 
northern end of the Suguta Trough is an arid area of 
internal drainage occupied by the saline Lake Logipi and 
subject to seasonal flooding. The surface of this lake is 
118 m below the 1968 level of Lake Rudolph’. The Suguta 
river is the only permanent supply of surface water to the 
trough, but Lake Logipi is maintained during the dry 
season by sub-surface flow through the alluvium flooring of 
the trough. 

Only the upper part of the volcanic sequence is described 
here (Pliocene to Recent); it comprises alternating basalt 
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Fig. 1 The Suguta Trough. a, Normal fault; b, faulted monocline ; 

c, caldera volcano; d, overflow of Lake Suguta; S, Silali; E, 

Emuruangogolak; B, the Barrier. Open circles, land under 

305 m; diagonal rule, land over 606 m. Inset: geographical lo- 
cation of Fig. 1; centred box, Fig. 2. 


and trachyte volcanism. The Suguta Trough was first 
initiated less than 3.0 Myr ago, and was subsequently 
filled in by younger volcanic products. The reforming of 
this trough, less than 0.75 Myr ago led to the eventual 
development of Lake Suguta. 

Champion’ has noted the occurrence of sediments flooring 
the trough and of wave-cut platforms on the southern 
side of the barrier, and has concluded that the two lakes 
were continuous before they became separated by growth 
of the barrier. Once separation was complete, Lake 
Suguta disappeared because of the insufficient water supply 
from the Suguta River relative to the evaporation rate. 
Reconnaissance studies of the Suguta sediments, and pre- 
liminary determinations of strand line altitudes, indicate that 
around 9,600 yr Bp Lakes Sugata and Rudolph occupied 
apparently separate basins. The Recent history of Lake 
Sugut? aay have been dependent on climatic change rather 
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than on an enlarged Lake Rudolph overflowing into the 
Suguta Trough. 


Geological evolution 

The geology of the Western Suguta Scarp is shown in 
Fig. 2. 

Nathelot Basalts. These are the Lopiripira basalts of 
Rhemtulla’. A new name for this formation is proposed 
since the hill of Lopiripira is composed entirely of Nasaken 
trachyte agglomerate, and the basalts are typically 
developed at Nathelot. The basalts lie over older, tilted 
volcanic sequences, and the lava pile has the form of a 
large, low-angled shield. Nasaken trachytes underlie the 
Nathelot basalts and have yielded ages largely in the 
range 5.7-5.4 Myr, but younger dates for this volcano 
overlap with the age for the basal basalt flows’. A single 
basalt flow from this formation has given an age of 
4.5 + 0.4 Myr. 

Loriu Trachyte Group. These trachytes lie conformably 
over the Nathelot Basalts and comprise three separate 
quartz trachyte volcanoes (Lopogut, Lomi and Kalakopon) 
whose alignment parallels that of the Suguta Trough. 
South of the Kamuge River, the Kapatagne Trachytes 
occupy a similar stratigraphic position’. The trachytes have 
given ages of 3.0+0.2 Myr (Lomi), 4.42+0.2 Myr (Kala- 
kopon) and 3.3+0.2 Myr (Kapatagni). The Tirr Tirr 
Trachyte and Basalt Group occurring on the eastern 
margins of the trough*’, has been dated at 3.6-3.9 Myr 
(ref. 8), suggesting it is broadly contemporaneous with the 
Loriu Trachyte Group. These trachytes are the northern 
and eastern extension of the South Turkana trachytes of 
Webb and Weaver’. 


Fig. 2 Geology of the Western Suguta Scarp. a, Nathelot Basalts: 

b, Loriu Trachytes; e, Lorikipi Basaits; d, Namarunu and 

Kamuge Trachytes; e, Kamuge Basalts; / Suguta Basalis; f, 

Suguta Beds; #, member C basalts; 4, member C pyroclastics: 
j, Recent basalts; k, boulder beds; 4 alluvium. 
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Arrolio 
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Monoclinal downwarping of the Loriu and Tirr Tirr 

groups led to the initiation of a proto-Suguta Trough. 
Lorikipi Basalts. This basalt formation erupted from the 
floor of the trough, infilling and locally overflowing the 
structure. A single K-Ar determination of 4.0+0.1 Myr 
cannot be reconciled with the observed sequence. 
Namarunu and Kamuge Trachytes. To the north, a 
mottled green trachyte flow and welded tuff sequence can 
be traced from the Loriu Plateau to the base of the 
Namarunu Trachyte Volcano some 300m lower within the 
Suguta Trough. These trachytes lie over the Lorikipi 
Basalts but predate the next phase of faulting. To the 
south, the Kamuge Trachytes occupy a similar strati- 
graphic position, and a welded ash flow tuff has yielded 
an isotopic age of 0.75+0.1 Myr. The Kamuge Trachytes 
correlate with the lower flows from Emuruangogolak, 
whose activity commenced before the Suguta Trough 
reformed. 
Kamuge Basalts. These crop out on the Loriu Plateau and 
are downwarped and downfaulted into the Suguta Trough. 
A K-Ar determination of ‘0’ Myr indicates the youth of 
these basalts. 

Monoclinal downwarping and minor faulting (between 
the Kamuge River and Lomi), passing into normal step 
faults, recreated the western Suguta scarp. The eastern 
Suguta Scarp was formed by a monoclinal downwarp and 
associated faulting*’’. 


Fig. 3 Stratigraphic column of Suguta Beds. 
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Following this last event, volcanism became restricted 
to the floor of the Suguta Trough and included the Suguta 
Basalts, member C basalts, and the continued eruption of 
Emuruangogolak and the Barrier, although the detailed 
geology of this complex is not well known, Incision of the 
Kamuge River system preceded the deposition of the 
Suguta Beds. 


The Suguta Beds 


Sediments occurring within the Suguta Trough and post- 
dating the latest phase of trough formation, have been 
designated the Suguta Beds. They comprise three sedimen- 
tary and one volcanic member (Fig. 3). The Suguta Beds 
are well exposed and crop out over wide areas of the 
Suguta Trough floor. 

Member A is observed only in the vicinity of Kamuge, 
and is a dominantly clastic sequence of variable particle 
size. Rapid lateral facies changes, numerous minor 
unconformities and washouts indicate a fluviatile environ- 
ment. Member A is overlain with marked unconformity 
by member B diatomites. 

Member B is well displayed at Kamuge and Gwasinyono 
Arrolio, where it is overlain by member C basalts. A 
similar sequence is seen at Kainagokin. At Kamuge, an 
essentially ‘pure’ diatomaceous sequence is overlain by 
silts, pebbly silts and silty diatomites, and at Gwasinyono 
Arrolio, a uniform sequence of bedded diatomites and 
intercalated pillow lavas occurs. Locally, grits underlie these 
diatomites. 

Members A and B were tilted and downfaulted towards 
the axis of the trough and subject to erosion before the 
eruption of member C basalt. 

Member C is represented by subaerial basalts resting 
unconformably on member B. At Gwasinyono Arrolio 
these basalts are intercalated with basal member D 
sediments and pass into the more extensive basalt field, 
capping the Namarunu trachyte volcano. Similar relation- 
ships obtain on the northern side of Emuruangogolak. To 
the east of Gwasinyono Arrolio, and at Kainagokin 
member C is faulted, although the relationship of the 
tectonic episode to member D sediments is not clear. 

Member D at Gwasinyono Arrolio is a lower clastic 
sequence which overlies member C and is itself overlain 
by a thin sequence of well-bedded diatomites. The grain 
size of the clastic sediments decreases towards the trough 
axis. Thin diatomaceous deposits overlie member C at 
Kamuge and Kainagokin. Infrequent diatomites overlie 
member C basalts on Namarunu at an altitude of around 
600m. They contain gastropod remains, and are asso- 
ciated with algal limestones and wave cut basalt agglu- 
tinate cones. The gastropods have yielded a “C date of 
9,660+210 yr b.p. (unpublished). 

Members B and D record two separate phases of 
lacustrine sedimentation. During each phase Lake Suguta 
initially deepened but its development was terminated by 
desiccation which led to faunal extinction and was followed 
by subaerial erosion and volcanicity. Remains of Croco- 
dylus, Lates sp. and, rarely, gastropods (Melanoides 
tuberculata) and bivalves were found within members B 
and D. Rolled and badly worn bones were noted in the 
conglomerates of member A. The presence of elements 
of the Lake Rudolph/Nilotic fauna within members B 
and D suggests a hydrographic link between Lake Rudolph 
and Lake Suguta. 


Lake levels 


It is not possible at present to evaluate the effects of any 
deformation which may have affected strand lines within 
the trough. Within the Suguta Trough, high level lake 
benches occur at altitudes of up to 600m. The 9,660-yr 
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date (member D) is of the same order as the 9,000+yr, 
climatically induced high stand of many East African 
lakes’. On the eastern Suguta Scarp, lake benches have 
been reported up to 550 m (refs 6 and 7) and up to 575m 
on the southern side of the Barrier’. The age of these 
benches is not known. Butzer and Thurber reported” heights 
of 450-455m for the highest deposits of the Kibish 
Formation (Omo area, Lake Rudolph), whose age range 
(27,444-5,450 yr BP) encompasses the value for member D. 
Although the chronology of the high level strand lines 
within the Suguta Trough is not well known it is possible 
to make some inferences about the relationship of Lake 
Suguta to Lake Rudolph, based on the assumption that 
the strand lines of the Suguta Trough have not been 
significantly deformed. 

The differences in altitude between the Lake Suguta and 
Lake Rudolph strand lines suggest that from member D 
times at least, the Barrier complex was sufficiently well 
developed to prevent the two lakes coalescing The present 
minimum altitude of the Barrier is 834 m (ref. 10), and it is 
questionable whether direct overflow of either lake across 
this complex could have taken place during member D 
times. An alternative outlet for Lake Suguta could be estab- 
lished by flooding the Kamuge River system, which would 
overflow into the Kerio river and subsequently into Lake 
Rudolph. Along the Kamuge river, infrequent diatomites 
occur at altitudes up to around 600m. Overflow into the 
Kerio River would be possible should Lake Suguta levels 
reach an altitude of around 606 m. The sedimentary record 
indicates two major cycles in the development of Lake 
Suguta. This is more consistent with lake growth independ- 
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ent of Lake Rudolph rather than the progressive desiccation 
of an arm of Lake Rudolph, cut off by the growth of the 
Barrier. 

Finally, it should be noted that it was apparently the 
present arid nature of the Suguta Trough which impressed 
Champion’. Under the prevailing climatic conditions inflow 
into the Suguta Trough is insufficient to maintain a large 
permanent lake, but during the 9,000-yr BP wet phase, 
Lake Baringo is likely to have supplied increased amounts of 
water to the Suguta Trough’. This increase of overflow 
from Baringo would further supplement the growth of 
Lake Suguta, already enlarged by climatic change through- 
out its drainage system. The rivers of the Suguta system 
can be expected, during this phase, to have had more per- 
manent flow regimes than at present. 
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Major Proterozoic high grade linear belts are broadly 
conformable and sub-parallel to Archaean trends. Some 
are marginal to Archaean cratons, others intracratonic. 
All belong to a major set extending across the middle to 
late Proterozoic supercontinent. They are broadly con- 
temporaneous with hairpin bends of polar wander 
curves, and some controlled igneous activity. Some are 
intracontinental structures developed in Proterozoic 
times when the deeper levels of continental masses 
underwent internal movement without loss of general 
coherence. 


Hicon grade mobile belts may have formed in the overriding 
thickened plate on one side of continent—continent collision 
boundary*® or they may have developed by reactivation of 
earlier Proterozoic or Archaean ‘basement’ rocks’. Data 


relevant to the problem include the lack of offset of earlier 
oblique structures across several African belts‘, palaeo- 
magnetic apparent polar wander curves suggesting that the 
bulk of Africa was an integral crustal unit throughout the 
Proterozoic’’* and Laurentia in the early Proterozoic (Hud- 
soman)"* and divergent polar wander curves that indicate 
that the Grenville Belt formed at a plate convergent 
boundary’ (this is inconsistent with the basement reactiva- 
tion model” and with other palaecomagnetic data”). Palaeo- 
magnetic evidence’ suggests that there may have been a 
supercontinent throughout Proterozoic times (from 1,000 to 
2,200 and possibly 2,700 Myr np), but this has been 
challenged™. 

We produce here a plot of high grade Proterozolc mobile 
belts on the proposed supercontinent (Fig. 1), which, 
although problematic, is probably more relevant than the 
Permo-Triassit assembly of Pangaea (Gondwanaland rotated 
180° between the Cambrian and the Permian”). We have 


not plotted the late Proterozoic Pan-African belts, because 


I5 800-1300 Myr 
1,750 Myr 


Archaean cratons and 
trend lines 





so far they have been determined largely on radiometric 
evidence, nor the many low grade early Proterozoic 
geosynclines like Circum-Ungava and Hamersley, that con- 
tain banded iron formations” and probably formed as 
narrow Red Sea-type rifts according to palaeomagnetic’” 
and stratigraphic evidence” with possible minor subduction. 
Neither of these types of belts, both discordant to our 
general trend, are considered here. In producing our plot 
(Fig. 1) we are neither attempting to validate the concept 
of a supercontinent nor denigrating the possibilty that plate 
convergence contributed to the formation of some Pro- 
terozoic belts. We do suggest, however, that the sub-parallel 
distribution of so many belts in Fig. 1 places certain con- 
straints on the movement of plates in the Proterozoic. Our 
principal aim is to emphasise that the high temperature 
nature of many of the mobile belts indicates that the con- 
tinents suffered internal ductile strain under steep geo- 
thermal gradients often along transcurrent zones during the 
Proterozoic’. The lineaments we discuss could form either 
in the interior or margin of a thickened overriding plate of 
a collision-pair or within a large drifting continent or super- 
continent. Much structura” and  palaeomagnetic 
evidence’’® favours the drift during much of Proterozoic 
time of several large continental sheets that suffered some 
marginal deformation giving rise, for example, to the 
Coronation” and Mount Isa” geosynclines, but more im- 
portantly, to internal ductile deformation along many dis- 
crete shear zones and mobile belts. Detailed structural 
studies? show that several major shear belts in western 
Greenland record transcurrent displacements that took 
place at some depth within a single continental mass. It is 
likely that this intraplate deformation is a reflection of the 
ductile nature of much of the Proterozoic continental mass 
—-an intermediate stage between the widespread permobile 
activity in the Archaean and the more rigid behaviour of 
plates in the Phanerozoic, when mobile belts were confined 
to plate margins and internal deformation was brittle. 

We use the term lineament here to include shear belts, 
mobile belts and linear zones of transcurrent displacements 
of magnetic and gravity anomaly patterns. These are high 
temperature belts, distinct from low grade geosynclines and 
high level faults. 


Lineament development before 1,300 Myr BP 

The lineaments of North America and the North Atlantic 
region are probably some of the best documented’**, and 
together fall into a number of types. Several intracratonic 
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Fig. 1 Map of the mid-late Proterozoic super- 
continent, palaeomagnetically determined by 
Piper''~?°, showing the distribution of two ages of 
Proterozoic lineaments lying on small circles about a 
point of rotation(*) off the coast of Australia. Key 
to the major lineaments: 1, South-east margin of 
Slave Province!®**; 2, Nelson River, NW Superior 
Province; 3, SE Superior Province; 4, Grenville 
Front (and south-west extension)’; 5, Magssugto- 
qidian, Greenland (and unmarked Laxfordian of 
North-west Britain)?” ~"; 6, Ketilidian®’ ~®9; 7, Central 
Europe line”; 8, Karelide~Sveccofennide margin®*; 
9, Karagwe-Ankolan and Kibaran belts of central 
Africa; 10, Eburnian, east margin of West African 
craton®’; Li, Amazon depression between Guyana 
and Brazillian Shield®*; 12, North of Guyana Shield®: 
13, Pre-Mines belts, Brazil°° 38; 14, Eastern Ghats, 
east India®®:**: 15, Satpura*-38; 16, Arivalli-Dehli 
belts, Peninsula India®®; 17, Frazer belt!®%°: 18, 
Adelaide belt}!*:*°, 


lineaments strike north-eastwards across the Southern 
Superior Province and seem to be sub-parallel] to the Gren- 
ville Belt. These lineaments deflect the Archaean structural, 
aeromagnetic and gravity patterns of the greenstone belts, 
and are traversed by undeformed members of the McKenzie 
Dyke swarm, dated at about 1,200 Myr BP. Some 
lineaments, particularly the craton marginal set were sites 
of granite emplacement or basic-acid volcanism during the 
mid-Proterozoic’’. They therefore compare in broad age to 
the time span of such lineaments in the high grade terrains 
of the Canadian Shield as the western Superior, south- 
eastern Slave™, and North Atlantic region. Of these, at 
least the Nagssugtogidian of Greenland™” and the Lax- 
fordian of north-western Britain®™ were sites of transcurrent 
displacements and basic dyke emplacement in late Archaean 
and early Proterozoic times. Both these lineaments became 


the junctions between regions stabilised about 2,700 Myr BP 


and younger Proterozoic mobile belts”. In the later develop- 
ment of both lineaments, displacements perpendicular to 
them accompanied by granitic intrusions became prominent 
by about 1,600 Myr sp. It may be that this later stage is 
expressed in the Ketilidian Mobile Belt, which is dominated 
by displacements along the craton margin, and by con- 
siderable granite emplacement”. When plotted on a recon- 
struction of the continents before continental drift, the 
lineaments at the margin of the North Atlantic region, in- 
cluding those of eastern Scandinavia, fit the directions of 
both the intracratonic and marginal lineaments of the 
Canadian Shield®”. Our argument is supported by the 
general coherence of palaeomagnetic poles from the 
Canadian Shield, which suggest that internal blocks did not 
move by large amounts relative to one another during the 
Hudsonian Orogeny when the shield seems to have under- 
gone internal lineament deformation without loss of general 
coherence ™ "t, 

Early Proterozoic linear mobile belts are widespread in 
the Gondwana group of continents”? and are mainly of the 
craton-marginal type. In Australia they form the junctions 
between the Yilgarn and Carpentaria blocks. Near-parallel 
structures occur in Antarctica, and the Eastern Ghats of 
eastern India. The Eburnean Belt lies along the eastern 
margin of the West African Craton and has a possible 
extension in South America, north of the Guyana Shield. 
The Ubendian and the older Limpopo belts in central and 
southern Africa are, however, oblique to this general trend. 

The early Proterozoic lineaments seem to share a com- 
mon evolution. Most probably they originated in the late 
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Archaean or early Proterozoic as transcurrent dislocations 
with associated basic dyke swarms which in several 
lineaments could fit the regional pattern. The development 
of the lineaments seems to have been arrested with the 
cratons at this early stage. Further development occurred 
in the lineaments along the margins of the cratons. 
In several lineaments of the North Atlantic Province a 
change from transcurrent displacements to movements 
perpendicular to the craton margins” was marked by an 
increase in ‘granitic emplacement both along the lineaments 
and in broader “zones parallel to them within the larger 
mobile belts. The culmination of mid-Proterozoic mobile 
belt development is probably marked by the intrusion of 
anorthosites, al ali complexes and rapakivi granites marking 
a major belt extending from the western USA to the Urals, 
which coed portons after 1,300 Myr ago”. 









Lineameit: development between 
1,300 and 1,000 Myr BP 


Although the development of the last group of lineaments 
seems to have’ been arrested before 1,300 Myr sP, a number 
of narrow zones of basement reactivation and wider belts 
of tectonism and igneous activity developed between 1,300 
and 1,000 Myr up (ref. 30). The Grenville Belt and its pos- 
sible extensions in. North America and Europe is wider and 
more extensive than all other lineaments. Palaeomagnetic 
data”? cast doubt on the concept that the formation of this 
belt involved some lateral plate motion™’? 

A number of linear zones of this broad age can be out- 
lined as anomalous structural, igneous and radiogenic 
features in Gondwanaland. These form a set of parallel 
lineaments concordant with the line of the contemporaneous 
Grenville Belt projected as a major zone extending through 
western Arabia, central Africa and along the eastern coast 
of South America (see Fig. 1), and with most of the earlier 
lineaments dating from around 1,700 Myr BP. Some belts, 
for example the Aravalli-Delhi Belt were active in both 
periods. The development of these 1,300-1,000 Myr linea- 
ments has much in common with the later stage of develop- 
ment of the earlier lineaments, particularly in the associa- 
tion of major tectonism, the basic dyke emplacement about 
1,200 Myr ago, and the syn- and post-orogenic granite 
emplacement and widespread thermal events. 


Discussion 


These Proterozoic lineaments seem to be coherent, global- 
scale, structures which belong to a single, broadly con- 
formable pattern for about 1,000 Myr. Major events in the 
evolution of each age group of lineaments seem broadly 
contemporaneous with the hairpin bends of the single polar 
wander track for North America and Africa at 1,700 Myr BP 
and 1,300-1,000 Myr pp (refs 11 and 31), and therefore seem 
related to major changes in position of the Proterozoic con- 
tinents or supercontinent. Many lineaments evolved as 
transcurrent dislocations within formerly continuous con- 
tinental crust, rather than as sutures marking closed oceans. 

In the context of a single Proterozoic supercontinent" 
both age groups of lineaments fit as zones of transcurrent 
displacement which lie on small circles about a point of 
rotation off the Australian part of the early continent. This 
agrees broadly with the interpretation of the Coronation” 
and Mount Isa” geosynclines and the Belt-Purcell Series of 
western North America as continental margins developed 
on the opposite leading edges of the rotated supercontinent. 

Following the formation of the belt of anorthosites and 
rapakivi granites, the culmination of lineament development 
was expressed by late Proterozoic rifts, as in the Gardar 
Province of southern Greenland, which controlled lava 
extrusion, clastic continental sedimentation and the intru- 
sion of alkaline complexes. These rifts may also be seen as 
the earliest expression of continental breakup connected 
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with the eventual formation of the Proto-Atlantic Ocean in 
late Proterozoic times; they are comparable with the 
Triassic rifts containing continental sediments and volcanics 
along the Atlantic coast of the USA”, In fact, the large 
number of failed rifts and aulocogens of late Proterozoic 
age” is probably a demonstration of how difficult it was to 
fragment the Proterozoic supercontinent. Both types of 
Proterozoic lineaments are, on a global scale, sub-parallel 
to the trends of the Archaean granite-greenstone belts and 
therefore could be influenced by the overall Archaean struc- 
tural pattern™. A few Proterozoic lineaments seem to have 
incidentally influenced the form of some Phanerozoic 
orogenic belts (for example, the old Amazon depression 
shield lineament segmenting the Andes along the Amotape 
Zone”). 

Besides simple collision, there are several other means of 
explaining the formation of different Proterozoic high grade 
belts. Evidence from the shear belts is consistent with, but 
does not necessarily suggest, the idea that they are the 
deep-seated equivalents of modern intracontinental trans« 
form faults”. The Grenville Belt has been considered as the 
result of the slow drift of a continental plate aver one ora 
series of hot spots, giving rise to successive stages of exten- 
sion and compression. At deep levels of erosion an 
aulocogen may appear as a high grade ensialic mobile belt 
with some degree of transcurrent movement’. Upwelling 
and diverging convection currents may give rise to high 
heat flow and the formation of ensialic belts”. 

We thank J. V. Watson, K. C. A. Burke, P. M. Hurley, 
and J. D. A. Piper for comments. F. B. Davies thanks the 
Inner London Education Authority for a Research 
Fellowship. 
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Sex hormone receptors 


in mammary tumours of GR mice 
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Studies of the growth behaviour and hormone receptor 
contents of GR-mouse mammary tumours suggest that the 
hormone responsive tumours are mixed populations of 
hormone-dependent cells and autonomous cells. The hormone- 
dependent moiety of these tumours contains high levels of 
progesterone receptor and oestrogen receptor. The autono- 
mous moiety has a low but probably significant oestrogen 
receptor level, and is practically devoid of progesterone 
receptor. Androgen receptor levels in both moieties are low. 
Endocrine ablation prevents growth of the hormone-dependa- 
ent moiety of the’ tumours, eae not of the autonomous 
molety. 


IN approximately one-third of patients with metastatic breast 
cancer, the tumour responds favourably to ablative or additive 
forms of endocrine therapy'. Several groups of investigators have 
shown that a relationship exists between the presence of specific 
oestrogen-binding proteins in human breast cancer tissues and 
hormone responsiveness of the tumour’. But although assays 
of oestrogen receptors have important prognostic value, a large 
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proportion of the oestrogen receptor-positive group does ont 
respond to endocrine treatment*. Similarly, studies on DMBA- 
induced mammary tumours in rats suggest that determination 
of cytoplasmic oestrogen-binding capacity alone does not 
perfectly predict whether the growth of a tumour will be affected 
by ovariectomy’. 

It has been proposed that in non-responding receptor-positive 
cases the oestrogen receptor can bind hormone but cannot sub- 
sequently cause gene activation, and that assays of progesterone 
receptor may have greater prognostic significance’. It has also 
been suggested that determination of androgen receptor may be 
an important tool for predicting response to castration in 
premenopausal patients”. 

To evaluate the roles of different hormone receptors in mam- 
mary tumour growth, it is important to have available model 
systems with which the influence of each factor can be estab- 
lished. The GR-mouse system seems to be useful in this respect. 
Hormone-dependent mammary tumours can be induced in 
ovariectomised GR mice by continuous treatment for 34 
months with oestrone and progesterone. The tumours can be 
transplanted into castrated (O20 x GR)F, hybrid mice which 
are treated with oestrone and progesterone. The tumours gener- 
ally retain thelr hormone dependence during the first transplant 


Fig. 1 Serial transplantation of 
mammary tumours in castrated 
GR mice (— ——), and ın castra- 

' ted GR mice which were treated 
continuously with oestrone and 





progesterone ( ). M is the 
tumour weight ( and ¢ the 
time (d) after Receptor 


contents of the 
expressed in fmol per mg wy 


protein. Receptors of 
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generation, but in subsequent transplant generations a progres- 
sive decrease in hormone dependence is observed which eventu- 
ally leads to complete hormone independence. An advantage of 
using this system is that a certain tumour can be studied in 
various endocrine conditions. We have reported® previously that 
the mammary tumours which respond to oestrone and proges- 
terone contain higher levels of oestrogen receptor than the 
autonomous mammary tumours. We now present results of a 
study on the relative concentration of oestrogen receptor (OR), 
progesterone receptor (PR) and androgen receptor (AR) in 
these tumours, and the relationship with tumour growth 
behaviour. 


Transplantation series 


Mammary tumours were induced in ovariectomised GR mice 
and tumour lines developed by serial transplantation from seven 
separate primary tumours (tumour lines I-VII). The degree of 
hormone responsiveness of the primary tumours and of each 
transplant generation was tested by grafting portions of the 
tumours in two castrated mice which were treated with oestrone 
and progesterone (OPC mice), and two castrated mice which 
were not treated with hormones (C mice). Tumours which were 
transplantable in OPC mice but which did not yield visible out- 
growths within 3 months in the C mice were designated hormone 
dependent (HD). Tumours which were transplantable in both 
cases but which yielded outgrowths in OPC mice sooner than in 
C mice, were designated hormone responsive (HR). Tumours 
which grew equally well in OPC as in C mice, were designated 
autonomous or hormone independent (HI). 

Samples of 500-mg tumour tissue were used for hormone- 
receptor assay. 2,4,6,7-n-?H-Oestradiol (85 Ci mmol~*) was 
obtained from the Radiochemical Centre. R5020 (17,21- 
dimethyl-19-nor-pregna-4,9-diene-3,20-dione), *H-R5020 (51.4 
Ci mmol), R1881 (methyltrienolone) and R1881-6,7-2H (58.2 
Ci mmol) were gifts of Dr J. P. Raynaud, Roussel-Uclaf. 
Nafoxidine hydrochloride (U 11,100A) was a gift from the 
Upjohn Company. Determination of oestrogen receptor in the 
tumour cytosols was carried out with the dextran-coated char- 
coal assay™®1!, The same method using *H-R 5020 was used for 
progesterone receptor assay!*, and with ?H-R1881 for androgen 
receptor assay’*. Controls contained excess non-radioactive 
ligand. Protein was assayed according to Lowry et al.™*. Recep- 
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Transplant generation 


tor levels were expressed as fmol mg! cytosol protein. Tumour 
tissues stored at — 70 °C were used for receptor assays, since im 
cytosol preparations sometimes losses of OR and PR were 
found to occur up to 0.2 and 0.8% d 7, respectively, when these 
were stored at — 70 °C. 

Figure 1 shows the results obtained with transplantation 
series I-VII. As a parameter of the growth of each individual 
tumour we calculated the ratio (log.4/)/t, where M was the 
weight (mg) of the tumour when it was collected (usually about 
3,000 mg), and ¢ was the time (d) after grafting. Six of the 
primary tumours were found to be HD, since they were trans- 
plantable in OPC mice but not in C mice; transplantation series 
I-VI were developed from these tumours. The seventh primary 
tumour was found to be autonomous, since its first transplant 
generation appeared equally rapidly in OPC mice and in C mice; 
this line (tumour line VID was therefore discontinued. Tumour 
lines I-IV and VI exhibited a decrease in hormone dependency 
after the second to third transplantations, but line V remained 
HD up to the ninth transplant generation. 

When HR tumours were grafted in C mice (Fig. 1, dotted 
lines), they gave rise to tumours with markedly lower (Qog, Myt — 
values than when they were grafted in OPC mice (Fig. 1, solid — 
lines). This was due to the fact that in the C mice the tumours 
appeared after a longer lag period than in the OPC mice, The 
tumours which appeared in C mice had significantly lower PR 
and OR contents than those which were obtained in OPC mice. 
Evidence that the tumours derived from C mice were autono- 
mous was obtained by transplanting portions of 6 of these 
tumours in OPC mice and C mice. As is shown in Fig. 2, 
oestrone and progesterone did not cause an increase in the 
(log.M)/t values of the transplants. Furthermore, the tumours 
remained HI during subsequent serial transplantations, whether 
or not hormones were given, and their receptor contents 
remained low. 

These results indicate that in the absence of oestrone and 
progesterone, the HD cells in a hormone-responsive graft did 
not multiply, and that the HI cells in the graft consequently gave 
rise to autonomous outgrowths. The long lag period can be 
attributed to the long time required for the small percentage of 
HI cells in the graft to form a visible tumour (Fig. 36). This 
suggests that all tumours indicated in Figs i and 2 by open 
circles are autonomous. 
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Fig. 3 Serial transplantation of 
mammary tumours in castrated 
GR mice (C), and in castrated GR 
mice which were treated continu- 
ously with oestrone and progester- 
one (OPC). Tumours indicated by 
R were found to have high hor- 
mone receptor contents, those 
without R had low hormone 
receptor contents. A possible 
interpretation is given in the 
lower part of the figure. Shaded 
cells are hormone dependent, 
unshaded cells are autonomous. 
The scheme proposes that mouse 
i mammary tumours progressively 
'C become less hormone dependent 
during transplantation because 
there is an increase in the per- 
centage of autonomous cells in 
the tumours. When a hormone- 
responsive tumour is growing in 


Hormone independent 
(Autonomous) 


the presence of hormones (a) both the hormone-dependent cells and the autonomous cells can multiply, whereas in the absence of hormones 

(b) only the autonomous cells can multiply. Case 6 therefore yields an autonomous tumour with low receptor values. It is not clear whether 

the primary hormone-dependent tumour from which the transplantation series is derived is entirely devoid of autonomous cells or already 
contains minute amounts of autonomous cells. Both alternatives are illustrated at the bottom left. 


Receptor levels and ratios 


Figure 4 shows the average values and standard deviations of 
receptor contents of hormone-dependent, hormone-responsive 
and autonomous tumours. The levels of PR and OR were both 
markedly lower in HI tumours than in HD or HR tumours. No 
significant difference in hormone-receptor content was found 
between HD and HR tumours. The results indicate that PR 
levels below 17 fmol per mg cytosol protein and OR levels 
below 14 fmol per mg cytosol protein were markers for hormone 
independence. Androgen-receptor levels in HD and HR tumours 
were markedly lower than PR and OR levels in these tumours. 
AR levels in HD and HR tumours were on average slightly 
higher than in HI tumours. Figure 4 also shows the results 
obtained when the PR/OR ratio of each tumour was calculated 
separately, and the average values and standard deviations of 
the data were computed. HD and HR tumours had significantly 
higher PR/OR ratios than HI tumours. No significant difference 
in PR/OR ratios were found between HD and HR tumours. The 
results indicate that PR/OR values smaller than 0.8 were markers 
for hormone independence. 


Discussion 


Calculation of PR/OR ratios served as an additional check for 
the significance of absolute PR and OR values. A suitable 
marker for hormone independency in GR-mouse mammary 
tumours seemed to be PR and OR contents lower than 17 and 
14 fmol per mg cytosol protein, respectively, together with a 
PR/OR ratio lower than 0.8. It should be pointed out that these 
values apply to the method used for receptor assay in which only 
the number of free receptor sites was determined. In the OPC 
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mice the endogenous levels of both progesterone and oestrogen 
would be very high, so the quantitative levels of free cytosol 
receptors could be small compared with the bound receptor. 

At present it is not clear whether the level of cytoplasmic 
hormone receptor can be taken as a measure of the number of 
cells in the tumour that contains the receptor. To substantiate 
this conclusion, other methods such as autoradiography should 
be utilised. If this assumption is correct, however, our data are 
consistent with the assumption that hormone-responsive mouse 
mammary tumours are heterogeneous and that they contain the 
following cell populations. (1) Hormone-dependent cells with 
average PR, OR and AR contents of 74, 48 and 6 fmol mg ~ 
cytosol protein, respectively, and an average PR/OR ratio == 2.0. 
These cells depend for growth on oestrogen and progesterone. 
The hormone-dependent population might consist either of one 
cell type with all three receptors, or might contain different cell 
types with different receptor contents. There is evidence for the 
presence of different stern lines in hormone-dependent rat 
mammary tumours, (2) Hormone-independent (autonomous) 
tumour cells with average PR, OR and AR contents of 3, 9 and 
1 fmol mg cytosol protein, respectively, and an average 
PR/OR ratio = 0.4. These cells are not affected by endocrine 
ablation. 

The results obtained with the GR-mouse model system reveal 
some of the limitations of hormone-receptor assay as a para- 
meter on which to predict whether the growth of a mammary 
tumour will be affected by endocrine treatment. One of these 
limitations is that whereas low PR, OR and PR/OR values 
seemed to be a good indication for hormone independence, high 
PR, OR and PR/OR values did not reveal whether or not the 
tumours contained autonomous cells in sufficient quantity to 


Fig. 4 Hormone-receptor contents of mam- 
mary tumours of GR mice. Receptors of pro- 
gesterone (PR), oestrogen (OR) and androgen 
(AR). Receptor levels are expressed in fmol 
per mg cytosol protein. PR/OR, progesterone 
receptor/oestrogen receptor content ratio 
(mean -+s.d.). Hormone-dependent (HD), 
hormone-responsive (HR) and hormone- 
independent (HD tumours. 


(-~-) PR/OR 
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- contribute significantly to growth behaviour. Thus no essential 
difference in receptor levels was found between HD tumours 
and HR tumours (Fig. 4). Furthermore, tumours which became 
autonomous after serial transplantation in OPC mice usually 
still had significantly higher receptor contents than autonomous 
transplants derived from C mice (Fig. 1). 

Variations in sampling also impose limitations on the signi- 
ficance of receptor assays. We often found marked differences 
in receptor values between different samples taken from one 
hormone-responsive tumour. If these reservations also apply to 
hormone-responsive breast cancers in human patients, they 
might contribute to the high percentage of clinically defined 
non-responding positives. 

The finding that autonomous mammary tumours of GR mice 
generally had small but significant amounts of OR, but practic- 
ally no PR, is of interest. Since in oestrogen target tissues the 
synthesis of PR depends on the action of oestrogen'®, it seems 
possible that in some autonomous mammary tumours of GR 
mice the lesion is at the nuclear level. For instance, this might be 
the case with some autonomous tumours of transplantation 
series I which had OR levels about equally high as some hor- 
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mone-responsive tumours of other lines (Fig. 1). This possibility 
has, however, to be investigated further. 
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Band 3 proteins rotate in the human erythrocyte membrane; 
rotation is almost certainly confined to an axis normal to 
the plane of the membrane and is characterised by a 
diffusion coefficient of the order of 1,000 s—!. Spectrin 
does not restrict rotational motion of band 3 proteins. 


Many, and probably most, cell membranes contain lipids 
arranged in a bilayer configuration. According to currently 
popular concepts of membrane structure, ‘mtrinsic’ or hydro- 
phobic membrane proteins are essentially solutes in the fluid 
lipid bilayer!. As such they would be expected to undergo free 
diffusion—that is, diffusion the rate of which is determined 
only by ‘the size of the protein and the ‘viscosity’ of the 
membrane. There is good evidence that this is the case for 
rhodopsin where Cone*? has measured both lateral and 
rotational diffusion constants. In other instances there is 
qualitative evidence that proteins diffuse rather rapidly in the 
plane of the membrane (for reviews, see refs 4—6). On the other 
hand, at least one membrane protein, bacteriorhodopsin, is 
completely immobilised by protein-protein interactions’. At 
the present time, it is by no means clear to what extent proteins 
do diffuse freely and to what extent free diffusion is restricted 
by interactions with other components of the membrane, or 
conceivably of the cell—for example, microtubules or micro- 
filaments. 

- To investigate this question, it is necessary to have available a 
technique which measures diffusion quantitatively and can be 
applied generally. In the case of rotational diffusion of membrane 


*Present address : Department of Plant Sciences, University of Leeds, 
Leeds LS2 9JT, UK. 


proteins, rotational motion characterised by relaxation times 
at least as slow as microseconds has been both predicted and 
demonstrated®*. This causes an experimental difficulty since 
such a time range is not adequately covered by established 
techniques of measurement. Indeed, investigation of the 
rotational diffusion of membrane proteins has only so far been 
possible with a very limited number of proteins which possess 
special spectroscopic properties**—. 

To overcome this difficulty, we have developed a new 
technique for measuring slow rotational diffusion, which exploits 
the long lifetimes of triplet states of organic molecules’™’?™. 
Using the method of flash photolysis, triplet (or other 
long lived) states may be detected by transient absorbance 
changes’ after flash excitation. If the exciting light is plane 
polarised, the absorbance changes are in general dichroic. The 
rate of decay of dichroism gives information about the rate of 
rotational motion of the excited molecules. 

‘Since most proteins do not naturally possess a suitable 
chromophore for such measurements, it is necessary to attach an 
artificial chromophore, or probe. Eosin (2,4,5,7-tetrabromo- 
fluorescein) is a favourable choice of probe since the four 
bromine atoms promote intersystem crossing. Covalent coupling 
to proteins may be achieved using the reactive isothiocyanate 
derivative (eosin-NCS). From studies with protein-cosin 
conjugates dissolved in viscous solutions, we have concluded 
that reliable measurements of rotational relaxation times in 
the microsecond-millisecond time range may be made using the 
flash photolysis method!" Here we report the first application 
of the method to proteins in a cell membrane. 

The human erythrocyte membrane was chosen for these 
studies because the composition and properties of its proteins 
are relatively well characterised’?~“. Major constituents are 
spectrin, a fibrous protein composed of two polypeptides of 
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molecular weights 220,000 and 240,000, and band 3 (otherwise 
known as component a). Band 3 consists of hydrophobic 
proteins which span the membrane, have a molecular weight 
of about 90,000 and comprise about 24° of the total membrane 
protein’®, They are implicated in anion and other transport 
functions! +8, The major sialoglycoprotein, glycophorin, also 
spans the membrane and has been extensively characterised", 
It is thought that glycophorin in association with band 3 
constitutes the membrane particles revealed by freeze-fracture 
electron microscopy? 20, 


Labelling of human 
erythrocytes with eosin-NCS 


Red blood cells obtained from fresh or recently outdated human 
blood were washed three times with 310 mosM sodium phosphate 
buffer, pH 7.4. Packed cells (15 ml) were incubated with 3 mg 
eosin-NCS for 3h at 22 °C. The cells were then washed twice 
more with isotonic buffer to remove any unreacted label and 
subsequently haemolysed in 40-50 volumes 20 mosM sodium 
phosphate buffer, pH 7.4. The ghosts were sedimented by 
centrifugation for 20 min at 20,000g and washed three to four 
times with 20 mosM buffer. All operations except the labelling 
step were carried out at 0-4 °C. 

The amount of bound eosin was determined spectrophoto- 
metrically as described previously", after first solubilising 
ghosts with SDS. Protein was determined using the method of 
Lowry et al.®, Typically the ghosts contained 0.5-1.5 ug eosin 
per mg protein. 

The proteins labelled by the above procedure were identified 
using SDS—polyacrylamide gel electrophoresis and by selective 
extraction experiments (details presented elsewhere). Briefly, 
SDS-—polyacrylamide gel electrophoresis was carried out in a 
manner similar to that described by Fairbanks ef a/.2*. Using 
gels of dimensions 0.85 x 8 cm loaded with 0.5 mg protein it 
was feasible to locate eosin fluorimetrically. Eosin fluorescence 
was located predominantly in the region of band 3. A small 
amount of eosin was also associated with bands 1 and 2 
(spectrin). There were negligible amounts of eosin bound to other 
proteins. Using gels made from solutions containing 7.5% 
acrylamide (w/v), 2.73 °% bis-acrylamide (with respect to acryla- 
mide), it was possible to separate glycophorin from band 3. In 
this way we could demonstrate that little or no eosin was bound 
to glycophorin. 

These results were further confirmed using selective extrac- 
tion procedures. Selective extraction of bands 1, 2 and 5 by 
incubation at low ionic strength in the presence of EDTA2?, 
demonstrated that less than 10° eosin was associated with 
these components. On the other hand, extraction with Triton 
X-100 (ref. 23), which has partial selectivity for band 3, released 
up to 80% eosin from the membrane. Finally the labelled ghosts 
were extracted with chloroform—methanol (2:1) as described by 
Hamaguchi and Cleve**. The amount of eosin extracted with 
lipids into the organic phase was negligible. A few per cent 
eosin appeared in the aqueous phase together with the mem- 
brane sialoglycoproteins. 

The selective labelling which we have observed is in accord 
with other authors who find that only band 3 and sialoglyco- 
proteins are available at the outer surface of the red celli? 25-27, 
Since some of our label is associated with spectrin, we conclude 
that there is some permeation of eosin-NCS through the mem- 
brane. We found little labelling of glycophorin, and a similar 
observation was made by Cabantchik and Rothstein with 4,4- 
diisothiocyano-2,2’-stilbene disulphonic acid (DIDS). DIDS 
(added to intact cells) is found to bind almost exclusively to 
band 3 with less than 5% of the label associated with 
glycophorin. 

The number of eosin molecules bound per protein is relevant 
to the possibility of energy transfer between eosins. For 1 ug 
eosin per mg total membrane protein, it may be estimated that 
the mole ratio eosin: band 3 would be 1:2 if all the eosin were 
bound to band 3 (assuming band 3 has a molecular weight of 
90,000 and comprises 24% of the membrane protein). 
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Rotational diffusion measurements 


Excitation of eosin at 540 nm by a laser light pulse of duration 
1-2 us and energy 100-200 mJ results in transient absorbance 
changes in the sample. Either positive absorbance changes 
(conveniently measured at 610-650 nm) due to triplet-triplet 
absorption or negative changes (measured at 500-525 nm) due 
to ground state depletion, may be detected. When the exciting 
source is plane-polarised, the absorbance changes are dichroic 
provided rotational motion is slower than the instrumental 
response (2-3 uspet, 

Transient absorption changes from eosin-labelled ghosts are 
shown in Fig. 1. The better signal-to-noise ratio of the ground 
state depletion signal is due to the higher extinction coefficient 
of the singlet-singlet transition compared with the triplet—triplet 
transition. Both absorption and depletion signals demonstrate 
the existence of a rather long lived dichroism. All quantitative 
evaluation of the data was carried out with depletion signals. 

The data were analysed by calculating the anisotropy factor 
r(t) given by 


r(t) = (Apalt)— Ape(t))/(Apalt) + 2A pelt)) (1) 


where Apalit) and A,,{1) are respectively the absorbance changes 
at time ¢ for light polarised parallel and perpendicular to the 
exciting flash. The time dependence of r is shown on a semi- 


Fig. 1 Transient absorbance changes from eosin-labelled 
ghosts. Membranes suspended in 20 mosM phosphate buffer, 
pH 7.4, temperature 22 °C. Eosin concentration 7 pM, 0.9 pg 
eosin per mg protein. Before measurement, samples were 
bubbled with argon for 10 min to displace oxygen. a, Triplet- 
triplet absorption measured at 650nm; b, ground state 
depletion measured at 525 nm. In each case the stronger signal 
is obtained with the measuring beam polarised parallel to the 
exciting flash, the weaker signal for perpendicular polarisation. 
The flash photolysis apparatus was described in ref. 11. 
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culated from depletion signals similar to those shown in Fig. 1b. 
For more accurate calculation the difference between the 
parallel and perpendicularly polarised components is displayed 
directly using the differential input of the oscilloscope amplifier. 


logarithmic plot in Fig. 2. It is clear that the decay of dichroism 
contains at least two components. Within the experimental 
uncertainty r(t) is independent of time at long times so that the 
observed time dependence of r takes the form 


r(t) = r, exp(—t/9,)+r, (2) 


Replotting log(r(t)— rą) against ¢ gives @,+0.5 ms. (The data 
are not sufficiently accurate to determine Q, precisely; conserva- 


tively, we consider the above value to be correct within a factor 
of 2.) 


Interpretation of data 


Consideration of the magnitude of the flash photolysis signals 
leads us to conclude that a high proportion of eosin molecules in 
the sample must contribute to the observed dichroism. Since we 
have shown that eosin is mainly bound to band 3, we can relate 
the dichroism data to the rotational motion of these proteins. 

Equations which evaluate r(t) for an irregular body in an 
anisotropic medium are not currently available. Various authors 
have, however, solved the problem of the time dependence of r 
for an irregular body in isotropic solution®*-*'. If we assume that 
the rotational motion of band 3 proteins may be characterised 
by two diffusion constants, D,, for rotation about an axis 
normal to the membrane and D,, for rotation about either of 
the two perpendicular axes, then the problem formally becomes 
equivalent to the rotation of a body with an axis of symmetry 
immersed in an isotropic medium. We can therefore use existing 
theoretical treatments to evaluate our data. An additional 
simplification arises with depletion signals because the same 
transition moment is used for excitation and measurement. (The 
lowest absorption band of eosin is a single transition and triplet- 
triplet absorption is relatively small at 525 nm (refs 10 and 11).) 
The theoretical expression for r(t) then becomes 


3 
r(t) = >A exp(—E,t) (3) 


i=] 


where A, = 6/Ssin*0.cos*0, A, = 3/10sin*0, A, = 1/10(3 cos?0 
—1)*, Ey = SDye+ Da; Ex = 2Dye+4Dy,, Es = 6Doe, and O 
is the angle between the transition moment and the axis of 
symmetry. (The theoretical expressions given in refs 28-31 all 
become equivalent for the case considered here.) 
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We consider that there are two main interpretations of the 
two experimentally observed components in the decay of r(t). 
Since band 3 proteins seem to offer different labelling sites on 
either side of the membrane!*:**-2’, it is likely that they have a 
negligibly small rate of rotation about an axis in the plane of the 
membrane. The existence of a carbohydrate moiety on these 
proteins, which is only detectable on the outside surface, points 
to the same conclusion™:**:**, Thus we anticipate that D,.~0 
and equation (3) then gives 


r(t) = A,exp(— Dpat) + A, exp(—4Dyat) + Ag (4) 


Thus, the time-independent component of the experimental r(t) 
curve may be identified with A, and is due to the negligibly 
small value of D,.. (r(t) will of course eventually go to zero due 
to rotation of the whole erythrocyte ghost; the relaxation time 
of this process is, however, of the order of seconds.) The 
measured time constant @, is then related to D,,; the experi- 
mental accuracy is, however, clearly insufficient to detect the 
two expected components. 

An alternative explanation of the data is that the eosin- 
binding sites are heterogeneous. (Note, however, that the amount 
of eosin associated with spectrin is too small to account for one 
or other component.) In particular, it cannot be ruled out that 
there is some aggregation of band 3 proteins in the membrane. 
In this case r, could correspond to aggregates which are too 
large to have an appreciable rotation on the time scale of the 
experiment. 

If the first explanation is correct, we could in principle 
determine 8 (which is likely to be a mean value), since ra = As. 
This is, however, dangerous since even if protein aggregation is 
not the main reason for the time-independent dichroism, it may 
well make a contribution. (The observation that the relative 
magnitudes of r, and rą vary from one preparation to another 
makes us suspicious that this may be the case.) We therefore 
prefer not to attempt to determine 6 (and therefore the coeffi- 
cients A, and A,) and to regard Q, as an unknown combination 





Fig. 3 Inner fracture faces (IFF) of ghosts before and after 
spectrin depletion ( x 36,000). a, Unlabelled, untreated, pH 7.6; 
b, eosin-labelled, untreated, pH 7.6; c, eosin-labelled, spectrin- 
depleted, pH 7.6; d, eosin-labelled, spectrin-depleted, pH 5.4. 
Eosin labelling as in text. Spectrin was depleted by incubating 
| part packed ghosts with 10 parts 20 mM phosphate buffer, 
PH 8.5, (containing 0.5 mM NaN,,) for 18 h at 37 °C (ref. 43). 
Samples were maintained at 0-4 °C at all times except during 
labelling and spectrin removal. For electron microscopy, samples 
were mounted on precooled gold disks and frozen in liquid 
Freon. Freeze fracturing was carried out in a Balzer’s apparatus 
at a temperature of —100 or —105 °C. Specimens (without 
etching) were replicated with Pt-C and Backed with C, both 
evaporated from electron beam guns. Replicas were examined 
in a Phillips 200 electron microscope. 
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of 1/D,, and 1/4D,,. On this basis a value of 0.5 ms for ©, 
implies D,, is in the range 500-—-2,000 s~. 

Band 3 is probably involved in anion transport across the 
erythrocyte membrane!*:*:54, Lepke et al.” find that sulphate 
exchange is completely inhibited when 1.7 x 10° molecules of the 
irreversible inhibitor dihydro 4,4’-diisothiocyano-1,2-diphenyl- 
ethane-2,2’-disulphonic acid (H,.DIDS) are bound to band 3. 
This figure implies a turnover number for chloride exchange of 
about 2 10* per s per site if all these sites are involved in 
transport. If only a portion of these sites are responsible for 
transport then the turnover number must be higher. Thus a 
rotation time in the order of tens of microseconds or faster 
would be required if transport occurred by a rotational mechan- 
ism. Irrespective of any particular interpretation, the present 
experiments do not detect any component of rotational motion 
of band 3 in this order of magnitude. Thus if band 3 is respon- 
sible for anion transport, a mechanism involving rotation of the 
whole protein is ruled out. This is hardly a surprising conclu- 
sion; as discussed above, arguments based on the structure of 
band 3 also indicate that rotation across the membrane is 
improbable'*:*5, Nevertheless, the present studies demonstrate 
how rotation measurements may be useful in elucidating trans- 
port mechanisms in other systems where the outcome is not so 
easily anticipated. 


‘Viscosity’ of the membrane 


Whatever the precise interpretation of the data, a component of 
rotational motion of band 3 proteins of the order of 0.5 ms is 
clearly present. The only existing quantitative determination of 
the rotation of a membrane protein is Cone’s measurement with 
rhodopsin®, which yielded a relaxation time of 20 us at 20 °C. 
Rotation of band 3 proteins in the human erythrocyte mem- 
brane clearly is markedly slower. 

We found that addition of glycerol to a concentration of 60% 
to the membrane suspension had no detectable effect on @,. 
Since this addition increased the medium viscosity by a factor of 
10, we may conclude that the rotation of band 3 proteins is a 
function of the membrane viscosity. If we regard band 3 proteins 
as cylinders of radius a, then the friction coefficient for rotation 
about the axis of symmetry is given by (ref. 36) 


f= 4na*hn (5) 


where h is the depth of the cylinder immersed in the membrane 
and n is the membrane viscosity. 


Fig.4 Effect of spectrin removal on the time dependence of the 
anisotropy parameter r. Temperature 22 °C. x, Control sample, 
PH 7.6; @, spectrin-depleted ghosts (prepared as described by 
Fairbanks ef al.**), pH 7.6; A, spectrin-depleted ghosts, pH 5.4. 
The lower initial value of r for the control sample is due to 
experimental factors and has no special significance. Essentially 
similar results were obtained when spectrin was depleted using 
the procedure of Elgsaeter and Branton**. 
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From the Einstein relation’? 


D = ktif (6) 
we obtain 


Dog = kt/Anathn (7) 


If we take a as the radius of the particles revealed by freeze- 
fracture electron microscopy (40 A) and / as the thickness of the 
hydrophobic core of the membrane (40 A), then a value of 
©, = 0.5 ms implies n= 25— 100P (remembering that the 
respective contributions of 1/D,, and 1/4D,, to ©, have not 
been determined). This is considerably higher than previous 
estimates of the viscosity of the erythrocyte membrane based on 
measurements of methanol diffusion?! and fluorescence polar- 
isation®®-4°, Tt may indicate that the ‘microviscosity’ experienced 
by small molecules dissolved in the hydrocarbon region of the 
lipid bilayer is quite different from that experienced by a protein 
which may interact with the whole length of the lipid molecules. 

Probably the replication procedure used in freeze-fracture 
electron microscopy leads to an overestimate in the size of the 
particles*!-#?, If the true radius of band 3 proteins is less than 
40 A, then the calculated viscosity will be increased to still 
higher values. 


Interaction between band 3 and spectrin 


The above discussion of membrane viscosity only has validity if 
band 3 proteins undergo free diffusion in the membrane. Apart 
from the possibility of self-association of these proteins dis- 
cussed above, possible interactions with other components of 
the membrane have also to be considered. In particular, there is 
evidence that spectrin restricts lateral diffusion of intramem- 
brane particles*®. It has been proposed that these particles con- 
tain both glycophorin and band 3 and are physically linked to 
spectrin?®, 

We have investigated the effects of spectrin removal on rota- 
tional diffusion of band 3 proteins. We have depleted eosin- 
labelled ghosts of spectrin using the procedure of incubation at 
low ionic strength described by Elgsaeter and Branton**. Figure 
3 shows freeze-fracture electron micrographs of unlabelled 
ghosts, eosin-labelled ghosts and spectrin-depleted ghosts, all at 
pH 7.6, together with spectrin-depleted ghosts at pH 5.4. The 
distribution of particles is little different in the labelled ghosts 
compared with the control, demonstrating that the labelling 
procedure in itself does not cause any marked aggregation. In 
agreement with Elgsaeter and Branton**, the distribution of 
particles in spectrin-depleted ghosts is little altered at pH 7.6 but 
massive aggregation occurs on lowering the pH to 5.4. 

Spectrin is most efficiently and selectively removed by incuba- 
tion at low ionic strength in the presence of EDTA. Using the 
procedure of Fairbanks et al.?? we have also prepared spectrin- 
depleted ghosts in this manner. SDS~polyacrylamide gels con- 
firmed that most of bands 1, 2 and 5 were selectively released 
from the membrane. When examined by electron microscopy it 
was clear that considerable vesiculation of the membranes had 
occurred, as noted by other authors. The effects of pH on 
particle aggregation was, at far as could be ascertained, essen- 
tially similar to that shown in Fig. 3. 

Spectrin-depleted ghosts prepared by both methods outlined 
above were examined by flash photolysis. Essentially similar 
results were obtained in both cases; one set of data is shown 
in Fig. 4. 

Inspection of Fig. 4 clearly shows that there is no detectable 
rotational motion in spectrin-depleted ghosts at pH 5.4. This is 
entirely reasonable in view of the strong aggregation of particles 
in these conditions as seen in Fig. 3. Large aggregates would be 
expected to have negligible rotation on the time scale of the 
experiment. This correlation between rotational motion and the 
state of aggregation of the particles further demonstrates that 
we are making valid measurements of rotational motion of band 
3 proteins (or alternatively, provides further evidence that the 
particles contain band 3 proteins). 
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The most interesting conclusion which arises from the results 
in Fig. 4 is that there is no detectable difference in rotational 
motion between spectrin-depleted ghosts and control ghosts 
when the pH is maintained at 7.6. In other words, there is no 
evidence that spectrin restricts the rotational diffusion of band 3 
proteins. Although this finding does not completely rule out a 
direct linkage between band 3 and spectrin, it does place severe 
restrictions on the type of attachment which can be envisaged. 
Only a linkage which permits free rotation of band 3 about an 
axis normal to the plane of the membrane is compatible with the 
present measurements. 

On the other hand, we consider that a model in which there is 
no direct interaction between band 3 and spectrin accounts 
equally well for all the mobility data. Suppose that band 3 
proteins protrude from the membrane in the spaces between the 
spectrin fibres. It follows that lateral diffusion over large 
distances would be prevented by the spectrin network, whereas 
rotational diffusion would be unaffected. The enhanced aggrega- 
tion of membrane particles in spectrin-depleted ghosts at low pH 
(ref. 43) would be explained by such a model. Further, proteins 
entrapped within the spectrin network would probably follow 
any redistribution of the spectrin molecules themselves. The 
clustering of anion sites” and concanavalin A receptors!’ on the 
outer membrane surface which is observed when spectrin is 
aggregated may be explained in this way. 

Peters ef al.*® labelled proteins (principally band 3) with 
fluorescein, bleached one half ofa single ghost and looked for the 
spread of fluorescence from the unbleached to the bleached half. 
No spreading was detected, placing an upper limit on the lateral 
diffusion constant of 3x 107!2 em?s, For free diffusion such 
a low value would imply a rotational relaxation time of the 
order of 50 ms, a value clearly incompatible with our 0.5 ms 
component of rotational motion. This again implies that lateral 
diffusion is restricted and is entirely compatible with a model of 
band 3 proteins trapped in the spectrin net. 

Our results emphasise the importance of clearly distinguishing 
local diffusion from diffusion over large distances. The fact that 
the latter is not observed does not necessarily imply that proteins 
are immobilised. If the membrane is ‘compartmentalised’ then 
rapid diffusion over small distances may still occur and in turn 
may have functional significance. 
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letters to nature 





Optical behaviour of HDE226868 
during a Cyg X-1 X-ray transition 


As part of regular monitoring of variable X-ray sources with the 
University College London—Mullard Space Science Laboratory 
X-ray instrumentation on the Copernicus satellite, we have 
observed Cyg X-I continuously for 12d between 22 October 
and 3 November, 1975. The X-ray flux was noted to be more 
variable than it had been during previous monitoring runs, 
when the source had been in its low state!, and, in particular, 
a marked increase in flux occurred 8 d into the observing run 
(~ October 29.5 ur, 1975). After this date, the mean 3-8-keV 
flux increased steadily, and by 3 November had risen by 30% 
compared with its level during the first part of the observation. 
The X-ray flux data, integrated in time blocks of 30 min, are 
shown in Fig. 1b. In Fig. la we show the spectral hardness 
ratio (defined as the 5.5—8.0-keV flux divided by the 3.0-5.5-keV 
flux) integrated over intervals of 0.5 d. This quantity decreased 


Hr a errr tN nitrate 


progressively after 30 October, until by 3 November it was 
down by an amount equivalent to a drop of 0.1 in the power 
law spectral index of the source. 

Holt et al.? and Grindlay et al.? have also noted an increase 
in the X-ray flux of Cyg X-1 at about this time. These two 
groups found the sources to be up to five times stronger than the 





Table 1 Best-fit parameters and y? 








x? per degree Mean Semi-amplitude 

Interval of freedom (rip) Grig) 
A 23,9 9.644 0.025 

B 18.6 9.660 0.018 

C 28.4 9.66! 0.022 

D 32.5 9.650 0.018 

E 18.8 9.649 0.016 

F 7.7 9.640 0.028 

G 19.1 9.650 0.020 

AIL 1975 data 22.0 9.652 0.020 
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Fig. 1 Copernicus X-ray data for Cyg X-I during October- 

November 1975. 6, X-ray flux binned into 30-min intervals: 

a, spectral hardness ratio in 0.5-d bins. The error bars correspond 

to +1o in each plot and there is a systematic uncertainty of up 

to 0.1 in the power law index indicated on the right-hand 
ordinate of b. 


level seen earlier in October, a maximum equivalent to 
~ 1,500 Uhuru counts being seen on 6 November*. Continued 
observation with the Ariel V satellite? has shown that Cyg 
X-1 maintained a relatively high flux level until late February, 
when the intensity dropped by a factor of three’. 

The blue-band optical magnitude of HDE226868, the 
spectroscopic binary BOIb star which is the optical counterpart 
of Cyg X-1, was monitored between July and December 1975 
from the Spanish Sierra Nevada. The data are shown in Fig. 2, 
and are compared with the X-ray behaviour of Cyg X-1 as 
measured by Copernicus and inferred from the Ariel V and 
ANS data reported in refs 2 and 3. The crosses represent 
nightly mean blue magnitudés and have a typical standard 
error of +-0.003778. 

We note, first, that the mean B-band flux reaches a local 
maximum close to the time of the X-ray transition. This may be 
coincidental, however, since such maxima are not un- 
precedented and have not previously been correlated with any 
known X-ray event. Of more significance is the detailed form 
of the blue light curve about the time of the X-ray transition. 
As observed in previous years, the average blue light curve 
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for the 1975 data is typified by a distorted double sine wave per 
orbital period®~*. To quantify the light curve distortion, we 
have fitted a double sine wave to the individual three-orbit 
intervals marked in Fig. 2, allowing the amplitude and mean 
magnitude to vary so as to minimise y?. The phase of the 
double sine wave was taken to be the mean phase obtained by 
fitting all of the 1975 data. 

The best-fit parameters and the corresponding reduced y? 
for each interval are shown in Table 1 and light curves for the 
intervals about the time of the X-ray transition are shown in 
Fig. 3. The data points and the best-fit double sine wave for 
interval E are shown in Fig. 3a. This light curve is typical of the 
data from July to October 1975, and the large values of y? for 
intervals A to E indicate the relatively large departures from a 
double-sine-wave light curve. 

A change in the character of the light curve was observed, 
Starting on the night of 25/26 October, as shown in Fig. 3b. On 
this night the B-band flux was abnormally faint, and then 
increased to an abnormally high value two nights later. No light 
variations were then seen over the following three nights. 
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Fig.2 a, Blue-band magnitude of HDE226868 from July 1975. 

The filled circles represent means (uncertainty ~ 0.004m,) 

over the intervals marked (~~ 3 orbits). The X-ray flux from the 

present work (~~) and from refs 3 and 4 (-~ —) are shown in 

b. Times of superior conjunction of the X-ray source are 
indicated on the abscissae. 


During the interval immediately after the X-ray turn-on, 
regular light variations were again observed, as indicated in 
Fig. 3c, which shows data and the best-fit double sine wave for 
interval F. The degree of departure from the best-fit curve was, 
however, considerably reduced, as demonstrated by the low 
value of x? for this interval. (Note that the six data points 
shown in Fig. 35 are not included in interval F.) Distortion of 


Fig. 3 a and c, Blue-band data 
folded with the 5.6-d orbital period. 
b, Data (unfolded) for the 6d 
spanning the transition in X-ray 
flux noted in the text. Formal errors 
of measurement are -+-0.00377,. 
The best-fit double sine curves are 
indicated for the data in a and c. 
The best-fit curve to the data shown 
in cis superimposed on the unfolded 
data in b, for reference. a (Interval 
E), Jp 2442684--698 ; b, yp 2442711~ 
716; c (interval F), jp 2442717-736. 
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the light curve became more pronounced again towards the 
end of the 1975 data, as indicated by the higher value of x? 
for interval G. It is important to note that the behaviour 
described above is unprecedented in a total of 400 nights of 
optical monitoring of the source distributed through the past 
4 yr. 

As the unique change in the optical behaviour of HDE226868 
coincides to within one orbital period with the onset of the 
transition of Cyg X-1 to its high state, it is highly probable 
that the X-ray and optical events are related. Our immediate 
conclusion is that the optical variability is influenced by the 
condition of the X-ray source, and if ellipsoidal-like variations, 
as discussed by Hutchings? and Avni and Bahcall®°, do occur, 
then at times they are insignificant by comparison with this 
other mechanism. 
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Suspected globular clusters in 
the Fornax I cluster of galaxies 


HERE we report the existence of a significant clustering of 
faint objects around three galaxies in the Fornax I cluster 


of galaxies. The nature of these objects is uncertain, 


although on the scant. evidence available, we believe at least 
some of them to be unresolved globular clusters. We base 
our claim on the examination of a single, direct photographic 
plate taken by Dr R. D. Cannon at the prime focus of the 
Anglo-Australian telescope on the night of January 18, 
1975. The plate, AAT609, is an unsensitised IlaO, exposed 
for 20 min through a GG 385 filter, and covers an area of 


1° x1° centred on RA 3h 36min, dec. —35.5° (1950.0), 


The smallest images on the plate are slightly elliptical, owing 
to slight trailing in RA, and have dimensions 1.5” X2.0”. 
In the course of assigning morphological types to the 
brightest galaxies in the field, we found a noticeable increase 
in the number of faint objects in the vicinity of the galaxies 
NGC1374, NGC1379 and NGC1399,. These three galaxies 
are all elliptical and are among the nine brightest on the 
plate. Of the remaining six bright galaxies, two (NGC1389 


and NGC1404) are elliptical and four (NGC1375, NGC1380, 


NGC1381 and NGC1387) are lenticular; none of these six 
galaxies exhibits any significant enhancement in the number 


of adjacent field objects. 
In Fig. 1, we show the marginal distributions in RA and 
dec. of the faint objects around the three galaxies, and in 
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Fig. 1 Marginal distributions of faint objects around three 

galaxies in Fornax I, and in a control region, The ordinates are 

in the same arbitary units for all the histograms. N represents 

the total number of faint objects in each area measured. The 

widths of the histograms for NGC1399 are both 10.7’, those for 
the remaining regions are 5.0’. 


a control area centred on a star at RA 3h 34min, dec. 
—~-35.3°, well removed from any bright galaxy. The counts 
were made visually with the aid of a low-powered micro- 
scope and a rectangular grid (of unit size 18.9” x 18.9” on 
the plate), and the positions of all objects were recorded. 
The area measured round NGC1399, the brightest of the 
three galaxies, was 10.7 xX 10.7’, whereas the corresponding 
areas for the other two galaxies and the control region were 
5.0’ 5.0’. Those objects judged to be faint were selected 
solely on the criterion of image size and not of image 
structure. They were estimated to be within I mag of the 
limiting magnitude of the plate. In all, 224 were found 
around NGC1399, 40 around NGC1374 and 33 around 
NGC1379. For comparison, the number of faint objects in 
the control region was 15. 

The density distribution of faint objects around NGC1399, 
derived from ring counts (Fig. 2) has been fitted with a 
truncated isothermal distribution assuming spherical sym- 
metry. The asymptotic value of the density of 3.4«10°+ 
1.4x 10° (s.e.) per degree’ is slightly higher than the density 
of 2.2*10° per degree’ found in the control region. In 
view of the differences in the dispersion of the marginal 
distributions in RA and dec. (Fig. 1), we thought it necess- 
ary to check the assumption of spherical symmetry. We 
have fitted the observations with a bivariate Gaussian dis- 
tribution and found major and minor axes of 154” and. 133” 
(that is, an ellipticity of 0.13), and that the position angle 
of the major axis is 105°. This weakly confirms the impres- 
sion given to the eye that the cluster of faint objects 
around NGC1399 is slightly elongated in the direction of 
the major axis of the galaxy (position angle 115°). The 
centroid of the distribution however, lies 28” to the SE of 
the centre of NGC1399, and there is a relative paucity of 
objects in the NE sector of the galaxy. The NGC1374 
system seems symmetrical and well defined. The smaller 
number of objects around NGC1379 inhibits any assessment 
of the symmetry of the distribution. 

The average density of all stellar images on the plate is 
4x10’ deg”. If we tentatively identify these with foreground 
stars within our Galaxy, then we may extrapolate an 
approximate value for the limiting magnitude of the plate 
from tables of star numbers given by Allen’ (with the 
appropriate correction for magnitude scale errors given by 
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Fig. 2 Tho radial density distribution (number arc min™*) of 

the faint objects around NGC1399 (dots, with corresponding 

error bars). The best isothermal fit is shown by the continuous 
curve. 


Arp’). For the galactic latitude of Fornax I, b= ~—54°, 
the above density corresponds to a limiting B magnitude of 
22.5+1.5 mag (estimated error). Although plate AAT609 
was not calibrated, another estimate of its limiting magni- 
tude may be obtained from a comparison with plate AAT610 
taken on the same night. This is a B plate of NGC288, 
which contains a standard photoelectric sequence (R. D. 
Cannon, personal communication), and has a limiting 
magnitude of 21.640.5 mag (+3.¢.). Allowing for slight 
differences in exposure times (Am=—0.4 mag), air masses 
(Am=-+0.2 mag) and seeing (Am=-+-0.2 mag), we conclude 
that an appropriate average value for the limiting magni- 
tude of AAT609 is 22.0+0.5 mag (+8.¢.). 

The corrected redshift of Fornax I (ref. 3) is z=0.0050+ 
0.0003 (+3.¢.) and, if H=55-km s~ Mpc™’, this corresponds 
to a provisional distance of 27 Mpc. If the faintest of the 
suspect objects is characterised by an angular size of less than 
2” and an apparent B magnitude of 22.0 mag, then at this 
distance these: parameters correspond to a linear dimension 
of less than 260 pc and an absolute B magnitude of about 
—10 mag. We suggest that these objects are unresolved 
globular clusters, although there are some difficulties asso- 
clated with this hypothesis, which we discuss below. 

The existence of globular clusters around a number of 
galaxies in the Virgo cluster‘*’® and, in particular, around 
the active elliptical M87.invites a comparison. Racine‘ has 
analysed the distribution of 2,000 globular clusters around 
M87 and more recently Hanes’ has studied ghobulars asso- 
ciated with. twenty galaxies (including M87) in the Virgo 
cluster. Hanes (personal communication) has revised 
Racine’s conclusions regarding the luminosity function of 
the M87 globulars. He finds that there is no sharp cutoff 
at the bright end of the luminosity function, but rather a 
Gaussian tail with the brightest globular occurring at about 
B=20.4 mag The brightest of the Fornax objects Hes at 
about 1 mag above the plate limit and has an apparent 
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B magnitude of 21.0+0.6 mag. The hypothesis that the 
upper limit to globular luminosities, around any given 
galaxy, is set by statistical fluctuations in random samples of 
various sizes, has been used by de Vaucouleurs’ to substan- 
tiate an empirical linear correlation between the absolute 
magnitude of the first-ranked globular and the total absolute 

itude of the associated galaxy. We have used this cor- 
relation to obtain corrected distance moduli for M87 and 
NGC1399 of 30.4 mag and 30.8 mag respectively (allowing 
for 0.2 mag of extinction in both cases) and absohrte mag- 
netudes of the two galaxies of —21.1 mag and —20.2 mag 
for the corrected B magnitudes of 9.35 mag and 10.62 mag 
(ref. 8). The corresponding absolute B magnitudes of the 
brightest globulars in ¢he two systems are at —10.0 mag 
and —9.8mag. M87 has, however, been suspected to be 
abnormally rich in globular clusters (D. A. Hanes, personal 
communication) and a more detailed calculation will be 
presented iater (de Vaucouleurs and J. A. D., unpublished). 
The difference in the distance moduli of M87 and NGC1399 
is 0:4 mag, which corresponds to a distance ratio of 1.20. 
This may be compared with the ratio of the corrected red- 
shifts’ for the E cores of Fornax I and Virgo, which equals 
1.45. 


Fornax I lies within the Southern Supercluster which } 


stretches from Cetus to Dorado’. The background density 
of faint galaxies is high and non-uniform, and the possibility 
that the clusters of faint objects around the three galaxies 
might result from chance alignments must be considered. 
This ility is supported by the observation that there 
are few faint objects around NGC1404, even though it is 
a galaxy of similar luminosity to NGC1399, Although the 
system around NGC1399 is the most populous and extensive, 
the marked asymmetry of the distribution about the galaxy 
must raise doubts as to whether the two are physically 
related. Indeed, a Coma-like cluster of galaxies, removed to 
forty times the distance of the Coma cluster, would match 
the distribution both in angular extent and apparent mag- 
nitude of the 10th-ranked member. The number of objects 
around NGC1379 is sufficiently small to be accounted for 
as a local enhancement in the number of field objects, but 
in NGC1374 there is a system which gives the firm impres- 
sion of a symmetrically placed distribution of globular 
clusters. 

Smith and Weedman”™ have reported the discovery of 
globular clusters around NGC3311 in the Hydra I cluster 
of galaxies and, in common with others‘'’'’, have discussed 


their use as distance indicators leading to an evaluation of w 


the Hubble constant. Fornax I is about 150° away from the 
supergalactic centre in Virgo and is well placed to reflect 
any apparent anisotropy in the Hubble flow which may 
arise from systematic motions within the local supercluster. 

We thank Professor G. de Vaucouleurs, Dr M. G. Smith 
and the staff of ROE for helpful discussions, Dr H. A. 
Hanes for communicating his unpublished data and for 
many constructive suggestions, and also Dr R. D. Cannon 
for the loan of plate AAT609. 
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Night-time reception of a solar radio event 


On March 30, 1976, at 2104-2106 ur, anomalous high-level 
radio bursts were recorded with a 48-channel polarised high 
resolution radio spectrograph' operating at a frequency 
range of 20.85-23.20 MHz. The observation was made at 
Kiiminki (65°05’N, 25°54’E), in the complete absence of 
interference of any kind and with the Sun and Jupiter well 
below the horizon. The antenna (two crossed log-periodic 
units in parallel) was directed towards North and elevated 
30° for the purpose of recording scintillation spectra of the 
radio source Cassiopeia A. The spectrograph is designed 
primarily for observations of Jupiter’ and its sensitivity for 
recording Cassiopeia A is marginal. 

The anomalous bursts are shown in Fig. 1. The power 
level of the bursts exceeds the highest scintillation peaks 
of Cassiopeia A by 10-15 dB. The level is comparable to 
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Fig. 1 Dynamic spectra of anomalous night-time radio bursts. 


that of the strongest Jovian bursts observed close to the 
opposition of the planet. The colour’”’ of the original record 
indicates that the right- and left-circular components of the 
emission had equal amplitudes. 

At the same time, a strong solar radio event was in 
progress. From the radio spectra obtained at the CSIRO 
Solar Observatory, Culgoora, Australia; at the Harvard 
Radio Astronomy Station, Fort Davis, Texas (see Fig. 2); 
and at the Department of Astro-Geophysics, University of 
Colorado, Boulder, Colorado, it is inferred that the bursts 
are of solar type III. As can be seen from Fig. 2, the bursts 
start in the vicinity of 80 MHz. At the lowest recorded 
frequency (25 MHz) they match well with the bursts shown 
in Fig. 1. 

Anomalous propagation of solar bursts have been 
observed previously’. In the present case the bursts must 
have been guided from the sunlit hemisphere over the polar 
regions. It may be significant that on the night of March 
30, an auroral substorm and a strong blanketing sporadic-E 
(E,) were observed (ref. 4 and T. Turunen, personal com- 
munication). A suitable duct may have existed between the 
ground and the E, layer. This assumption is supported by 


Fig.2 The corresponding record of solar radio bursts, obtained 
at Fort Davis, Texas. 


March 30, 1976 
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25 
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the low attenuation of the bursts. From their estimated 
fux density (A. Maxwell, personal communication) it is 
deduced that the total attenuation was less than 10 dB, 
probably just a few dB. The waves first penetrated the F2 
layer, perhaps at a relatively high latitude, and then entered 
the duct beneath the E, layer, provided the latter extended 
far enough towards the sunlit hemisphere. 

The event was also recorded with a 20-MHz riometer at 
the Sodankylä Geophysical Observatory (67°25°N, 26°24’B). 
It appears as an outstanding peak signifying an increase in 
the noise level. It was not detected with the 27.6-MHz 
riometers at Sodankylä or at stations elsewhere in Finland 
(H. Ranta, personal communication) although strong solar 
emission occurred also at this frequency. 

I thank Drs A. Maxwell, G. A. Dulk, and K. V. Sheridan 
for the Fort Davis, Boulder, and Culgoora solar records, 
and Mrs H. Ranta and Mr T. Turunen for the Sodankylä 
riometer and ionospheric data. 
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Absorption and the low velocity zone 


It is well known that elastic wave velocities are independent 
of frequency only for a non-dissipative medium*. In a real solid 
dispersion must accompany absorption. This effect has been 
emphasised by Randall? and Liu er a/.*. The effect is small when 
the seismic quality factor Q is large or unimportant if only a 
small range of frequencies is being considered—that is, the 
spectra of P waves. Even in these cases, however, the measured 
velocities, or inferred elastic constants, are not the true elastic 
properties but lie between the high frequency and low fre- 
quency limits or the so-called ‘unrelaxed’ and ‘relaxed’ moduli. 
The magnitude of the effect depends on the nature of the 
absorption band and the value of Q. When comparing data 
taken over a wide frequency band the effect of absorption can 
be considerable especially considering the accuracy of present 
body-wave and free-oscillation data. Thus, Jeffreys* questions 
conclusions based on free oscillation data, particularly where 
they differ from body-wave results which are based on much 
shorter periods. Carpenter and Davies® and Davies® attempted 
to reconcile body-wave and surface-wave Earth models by 
allowing for physical dispersion using Futterman’s’ and 
Kolsky’s® dispersion—absorption relationships. Jeffreys* used 
Lomnitz” relationships. Liu ef al. have shown that dispersion 
depends to first-order on absorption in the seismic frequency 
band and derived a linear superposition model that gives a Q 
that is independent of frequency. It can be shown that all of the 
above theories give equivalent absorption—dispersion relations 
for moderate absorption. Liu eż al.” and Anderson ef al. have 
shown how to correct surface-wave and free-oscillation data 
for physical dispersion. Much of the support for the existence 
of an upper mantle low velocity zone has come from the 
inversion of normal mode data that have been uncorrected for 
physical dispersion due to absorption. In the light of these 
developments, we decided to re-examine the question of a shear- 
wave low velocity zone. 

A starting model was constructed with monotonically in- 
creasing velocity and density in the upper 400 km of the mantle. 
The P and S velocities were chosen to satisfy the Jeffreys- 
Bullen" travel time tables to 30°. A smooth, Bullen** model 
A, density structure was used for this region. The model has a 
3-km thick ocean layer, and an 18-km thick crustal! layer. 
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Fig 1 Shear velocity (Vs) as a function of depth for the starting 
model (dashed) and final model (solid). 


These are average values for the Earth'*. Below 400 km the 
parameters are the same as model C2 of Anderson and Hart??. 

Following Anderson et al.®, the observed eigenpericds were 
corrected for the effect of absorption. A reference period of 1 s 
was selected to enable comparison with body-wave results. The 
corrected data included 66 fundamental spheroidal modes, 46 
fundamental toroidal modes, 10 spheroidal overtones and 80 
toroidal overtones. The spheroidal modes were selected for 
their sensitivity to shear velocity. The Q model MM8 of 
Anderson ef al.'* was used to compute the correction. This 
data set was then inverted, following the technique described 
by Jordan and Anderson". The shortest smooth perturbation 
from the starting model which satisfies the data is found by this 
procedure. 

The starting model does not provide a satisfactory fit to the 
normal mode data. The r.m.s. error is 0.7°4 whereas the r.m.s. 
error of the data is 0.09°%. Only three modes are fit to within 1 
s.d. of the data, and the errors for the shorter fundamental 
spheroidal modes (Rayleigh waves) are as large as 1.9°%. The 
final model fits the data with an r.m.s. error of 0.07°%; of the 
representative 78 modes used in the inversion, 62° fit the data 
to lo and 95 ° fit to 20. 

The resulting upper mantle shear velocity (solid line) is shown 
in Fig. 1, together with the starting model. The new model has a 
pronounced low velocity zone with shear velocity decreasing 
from 4.77kms~ at the top of the mantle to a minimum of 
4.42 km s™ at 170 km. The average JB shear-wave travel time 
residual for the new model is +0.05 s over the distance range 
30-95°. This can be compared with the 4-6-s discrepancy 
found from previous studies in which absorption was 
ignored?3-15, 

We agree with Jeffreys’, Davies®, and Carpenter and Davies? 
that absorption must be taken into account when inverting 
surface-wave and free-oscillation data. Although some important 
revisions are required to Earth models determined from pre- 
vious studies***> we conclude that a low velocity zone is re- 
quired by the observed data. There is no longer any ‘baseline’ 
discrepancy between body waves and normal modes. A more 
complete inversion which utilises the complete spheroidal 
mode data set will be reported elsewhere. 
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Effect of nearby supernova 
explosions on atmospheric ozone 


WE have calculated the probable effects of a nearby supernova 
event on the ozone layer. We find that the effects are significant 
and long lasting, but are relatively rare at the location of the 
Earth in the Galaxy. 

Ruderman? has suggested that cosmic-ray particles and y rays 
produced by a nearby supernova could cause a substantial 
depletion of the Earth’s ozone shield, with a consequently 
strong increase in the solar ultraviolet radiation incident on the 
surface of the Earth. 

The suggested mechanism for ozone destruction is the forma- 
tion by incident ionising radiation of large quantities of nitro- 
gen oxide (NO,) in the stratosphere. The NO, then catalytically 
converts the ozone (and atomic oxygen) to molecular oxygen 
through the reaction sequence 


NO-+0, — NO,+O, and NO, +O —» NO+0O, 


Ruderman has estimated the reduction in ozone column 
density that would result from a 10*’-10*8-erg burst of y rays 
with a duration similar to that of a visible supernova event, 
that is, short compared with the residence time of NO, in the 
stratosphere. He has also estimated the reduction that would 
result from an extended ‘pulse’ of cosmic rays with a total 
energy of ~ 10°°-10% erg and a duration? of ~ 100 yr, the 
characteristic diffusion time over the distance from the super- 
nova. The reductions obtained are quite dramatic; up to 90% 
in the case of the y-ray burst. 

We have applied more recent astronomical observations and 
somewhat different astrophysical concepts to the calculation 
of the intensity of ionising radiation expected from a supernova 
event. More refined models? of atmospheric chemistry and 
transport have been used to calculate the ozone depletion 
attributable to NO, catalysis. We conclude that the ozone 
depletion, although smaller than that estimated by Ruderman, 
is still significant, and could, as a result of cosmic rays, extend 
over a very long period of time (10-104 yr); however, the pro- 
bability of such an occurrence within the past 10° yr seems to be 
low. 

In calculating the effect of y rays, we first considered the 
possibility, as did Ruderman, that observed pulses of y rays 
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in the 1-500-keV range’ are attributable to extragalactic 
supernovae. This gives an upper limit on the energy content of a 
supernova y-ray pulse of 10*’-10'* erg. Following Ruderman, 
we assume that all of the incident energy deposited at an al- 
titude of 25-35 km. Our model enables us to follow the dyna- 
mics of the response of the atmosphere to a pulse, which we 
took to be a square wave of duration equal to the duration of the 
optical event (~ 100 d). Our calculations show that the occur- 
rence of such an event 10 pc from Earth would result in peak 
ozone-column reduction of 35-655 for the 107 and 10** erg 
(upper limit) pulses, respectively. Such values are smaller than, 
but comparable to, Ruderman’s estimates. As the e-folding 
recovery time of the stratosphere (the stratospheric residence time 
of NO,) is ~ 3 yr, the time for the atmosphere to recover to 
95% of normal would be ~ 10 yr. 

Direct observations®* of supernovae before, during, and after 
optical maximum give an upper limit to the emitted power in the 
1-500-keV range of 10" erg s™’, which is compatible with the 
104”-10*8 erg assumption discussed previously. Recent searches 
for smaller bursts’ seem, however, to favour the hypothesis 
of galactic origin, reducing the estimated intrinsic burst energy 
by a factor ~ 10°. Such an energy would be completely in- 
significant with respect to ozone reduction. 

In previous calculations of the terrestrial effects of the cosmic 
rays produced by nearby supernova events, such as those by 
Ruderman! or by Laster®, it has been assumed that the ex- 
plosion accelerates a substantial fraction of the envelope to 
relativistic velocities, producing a ‘pulse’ of cosmic rays of 
energy comparable in magnitude to the total energy of the event 
(10*°-10*! erg). Recent spectroscopic observations suggest, how- 
ever, that this is not the case*, and tend to support models of the 
outburst which do not predict cosmic-ray ‘pulses’ of any sig- 
nificant energy’. It is known, however, that supernova rem- 
nants (SNR) expanding into the interstellar medium contain 
trapped cosmic-ray particles of high energy. The total energy 
content of SNRs can be deduced from the observed synchrotron 
radiation from trapped electrons. Our approach, then, is to 
assess the effects of envelopment of a planet in an expanding 
SNR containing trapped cosmic rays. The effects of such 
radiation would persist for the lifetime of the SNR (~ 103 
104 yr) and would be expected to be more biologically signifi- 
cant than a 10-10*-yr effect of comparable magnitude. 

To estimate the total energy contained in the form of trapped 
cosmic rays, Wen we have taken values of We given by Gins- 
burg and Syrovatskii® for eight remnants with radii between 2 
and 20 pc, and corrected them using more recently determined 
radi. It seems that W., remains roughly constant over the 
lifetime of SNRs, at least in this size and age range, with a 
value of Wer ~ 2X 10" erg. Assuming that the particle energy 
density decreases as ry~*, where ry is the radius of the SNR, and 
assuming also an isotropic particle velocity distribution with 
Iy] ~ c, the intensity of cosmic radiation (E => 100 MeV) at a 
point within the SNR is ~ 10'/r,3 erg cm~? sr™ yr, where 
ro is in parsec. We choose E = 100 MeV as a low-energy 
cutoff because cosmic-ray particles of energies greater than ~ 
100 MeV are not deflected appreciably by the interplanetary 
magnetic field associated with the solar wind. The calculated 
intensity would then represent an increase over the current 
background level? of a factor of 10? for rọ ~ 10 pc and about 
10° for ry ~ 5 pe. Because of the Jower initial energy we used, 
enhancements (an enhancement of 1 implies a doubling of the 
background level) are less than those calculated by Ruderman}, 
but the duration of the exposure of a planet in the situation 
treated here would be about the lifetime of the SNR, ~ 104 yr, 
as Opposed to the S 10? yr duration of an hypothetical ‘pulse’ 
of cosmic rays. In addition, significantly greater enhancements 
over shorter periods may be expected in the case treated here, 
because of the non-uniform distribution of particles within the 
SNR (for example, ‘whisps’ in the Crab and Cygnus or ‘knots’ 
in Cas Al), 

The model calculations of atmospheric effects correspond to 
the steady state in this case, because the duration of the event is 
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Fig. 1 Reduction (%) of ozone column density in the steady 
state as a function of the cosmic-ray enhancement factor. 


very long compared to the stratospheric recovery time. The 
calculated global ozone reductions for various cosmic-ray 
enhancements up to a factor of 10° are shown in Fig. 1. It is 
seen that ozone reductions of ~ 20-50%, could be expected 
from enhancements of 102—10*. Although these reductions are 
smaller than estimated by Ruderman’, they are still consider- 
able, especially in the light of their probabie long duration. 

The waiting time, Tẹ, for a supernova outburst to occur 
within a volume V, = (47/3)r,’ of the Galaxy is given by 
Tw = ToaVoail Vo, where Toa is the galactic average time 
between supernovae in a total volume Voa. The distribution of 
supernovae in our Galaxy in space and time is still a matter of 
some uncertainty. Within 8 kpe of the galactic centre, SNRs 
seem to lie within a disk ~ 120 pc thick, and from 8 to 14 kpe 
the thickness is perhaps twice as large and the total volume 
density is ~ 1/4 as great as in the inner regions", Using these 
observations and a mean time between supernova events of 
Toa = 50 yr, consistent with optical, SNR, and pulsar ob- 
servations! Y, we have found that at the location of the Earth 
(10 kpc from the galactic centre), waiting times for extended 
(~ 104 yr duration) ozone depletions of 20-50% are between 
~ 2x10 and ~ 2x10" yr. The probability that such an 
event occurred near (that is, ~ 5-10 pc from) the Earth 
within the past 10° yr is ~ 1~5°%%. Interestingly, the waiting 
times for such events to occur near a given planet at less than 
8 kpc from the galactic centre are much shorter, ~ 10° and 
10° yr, respectively. 

It thus seems that the ozone depletion effect is significant and 
long lasting, and may affect the surface biology of the Earth 
or any Earth-like planet greatly, but is of low probability in our 
region of the Galaxy. Considering that cosmic and y radiation 
does not penetrate to the surface in sufficient doses to affect 
life in a direct sense’, and that ultraviolet light from a supernova 
at several pc is weaker than that from the Sun and of short 
duration (< 1 yr), the calculated ozone depletion would seem 
to be the major effect of a supernova on a nearby (~ 5-10 pe 
distant) Earth-like planet. 

Many helpful conversations with J. Scargle, L. Evans, 
J. Billingham, J. Tarter, S. Lea, and O. Toon are acknowledged. 
We would like to thank the referee for helpful comments. J.C. is 
an NAS-NRC Post-Doctoral Associate. 
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Heavy-ion damage in a Fe 


WE summarise here some preliminary observations of damage 
in a Fe irradiated with low doses of heavy ions at room tem- 
perature. Although the damage produced by such irradiation 
has been studied in a number of pure metals and alloys using 
transmission electron microscopy!, there have been compara- 
tively few studies of materials of technological interest. Iron is 
of particular interest since it is a major constituent in many 
practically important alloys including ferritic steels. The use of 
heavy-ion irradiation (typically to doses < 10! ions cm~? and 
energy < 200 keV) provides a convenient method of simulating 
the displacement cascades generated in metals undergoing fast 
neutron irradiation. In a majority of the metals and alloys 
studied the damage consists of a population of vacancy loops 
produced heterogeneously at the cascade sites by a collapse of 
the vacancy-rich cascade centres. Interstitial loops are not 
normally observed at the low doses commonly used, and this 
is thought to result from the close proximity of the damage 
region to the foil surface (the mean range of ions is typically 
~ 100 A) which acts as a dominant sink for the mobile inter- 
stitial point defects. There have been no previous reports of 
low-dose heavy-ion damage in a Fe and in other damage 
experiments? the vacancy component of the damage was not 
observed, 

In this experiment, thin polycrystalline foils of a Fe were 
irradiated at room temperature with heavy ions of energy 
between 40 and 240 keV to doses ~ 5 10!2 ions cm=2. The 
ions used were Fe*, Ni*, Ge*, Kr*, Xet and W+, with atomic 
weights ranging between 56 and 184. The iron used was the same 
material as that used in ref. 3 where the method of preparation 
of the specimens and an analysis of the iron purity is given, 
After irradiation, the foils were examined in a Siemens 102 or 
a JEM 100B electron microscope. A major experimental 
difficulty was the appreciable growth of oxide film, even though 
the specimens were stored under high vacuum (107% mmHg) 
after thinning. This, together with problems in producing foils 
with smooth surfaces and in completely eliminating objective 
astigmatism, meant that image quality was not as good as can 
be obtained in other materials. We estimate the visibility 
threshold for small loops in the best foils to be ~ 20 A. 

A detailed analysis of dynamical black-white images in foils 
irradiated with 80 keV W+ ions has revealed the presence of 
two kinds of perfect loops with a/2 <111> or a <100> Burgers 
vectors. All the loops were of vacancy type. The results are 
consistent with the sequence proposed for the nucleation of 
interstitial loops‘: aggregation initially on [110] followed 
by shear to a/2 <111> or a <100>. The relative numbers of the 
two kinds of loops appear to depend sensitively on the grain 
orientation. A full analysis of these results will be reported 
later, 

Information on cascade collapse in a Fe has been obtained 
from measurements of the efficiency with which various ions 
produce visible clusters. Results for different 80 keV ions are 
shown in Fig. 1, where the defect yield (defined as the fraction 


Nature Vol. 263 September 30 1976 


=> 
bo 
P 
< 


a2) 

| 

= 01 

g 

D i 

A | 
0.05- 





“500 


TA: 


100 125 150 17 
Mass of ion 
Fig. 1 Plot of defect yield against ion mass for grains close to 
<110> bombarded with 5 x 10?* 80-keV ions cm ™?, 
of cascades which collapse to produce visible clusters) is plotted 
as a function of the ion mass. No correction has been made for 
loops slipping out of the foil, but care was taken that grains of 
similar orientation (in this case near <110>) were selected for 
defect counting. The relative values of the defect yield should, 
therefore, be meaningful. Figure | illustrates two important 
results. Firstly, self-ions produce no visible damage; this was 
true for all ion energies in the range 40-240 keV. Secondly, the 
defect yield is a strong function of the mass of the incident ions, 
increasing from zero for Fe* ions to ~ 20° for W+ ions, the 
heaviest ions investigated. The loops in a Fe irradiated with 
80-keV W+ ions ranged in size up to ~ 100 A, but most were 
much smaller than this, ~ 90° falling in the size range 20- 
50 A. 

The absence of observable damage in self-ion irradiated 
specimens is consistent with results from neutron-irradiated 
a Fe? which showed that no visible damage is produced at 
doses $ 5x 10'* cm~?*. This suggests that cascades initiated by 
self-ions do not collapse, at least at room temperature and 
above. If this is so, it could have important consequences on 
the void swelling characteristics of a Fe, as have been discussed 
in ref. 5. 

The explanation for the second observation concerning the 
sensitivity of the defect yield to ion mass cannot lie in differences 
in the total number of displacements produced, since, according 
to calculations®, the ions used all produce approximately the 
same number of displacements, ~ 500 for 80 keV ions (the 
calculated numbers are shown in Table 1). What does alter, 
however, is both the spatial distribution of the damage and its 
depth below the foil surface. We do not consider that the latter 
affects the cascade collapse. Thus with increasing ion mass 
cascades become more compact, the vacancy supersaturation 
is higher and the cascade is hotter (in the sense that the density 
of energy deposited is increased). The magnitude of the effect 
is shown in Table 1. The quantities <AX? pò and <Y? > are 
related to the second moments of the energy distribution 
function and give measures of the cascade radius parallel and 
perpendicular to the incident ion direction respectively, while 
<Xp> gives a measure of the mean depth of the damage. These 
quantities have been computed from the WSS analytical 
theory’; 0, is an estimate of the maximum energy density in 
the cascade, calculated from ref. 8. In going from Fet+ to W* 





Table 1 Calculations on collision cascades created by 80-keV ions 





lon Fe Ge Kr xe W 
Atomic mass 56 76 84 13] 184 
No. of vacancies in cascade 507 513 518 535 548 
<Xp> (À) 193 169 156 105 95 
(AX? b>? (A) 120 102 96 64 59 
é¥% 52 (Å) 77 65 60 44 40 
0,(eV per atom) 0.21 037 042 126 1.81 
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ions the volume of the cascade decreases by about an order of 
magnitude, and the maximum density of deposited energy 
increases by about the same factor. 

The work of English eż al.’ and English (unpublished), has 
highlighted the difficulty of cascade collapse in another b.c.c. 
metal, molybdenum. It was found that the defect yield produced 
by heavy-ion bombardment was dependent on both the irradia- 
tion temperature and on the mass of the incident ions. For 
60-keV Mot ions the defect density decreased at irradiation 
temperatures > 200 °C. This decrease cannot be explained on a 
vacancy-emission mechanism, where cascades are assumed to 
collapse athermally and then shrink by vacancy emission, nor 


by loop loss to the surface. The former mechanism had been. 


successful in explaining the decrease in defect density in copper 
irradiated at high temperatures with 30-keV Cut ions”. It 
seems that in self-ion irradiation of molybdenum the collapse 
process is itself temperature dependent. Further experiments 
with 60-keV Xet+ and W+ ions have, however, shown that the 
defect density in these cases remains unchanged at temperatures 
up to 425 °C, the highest irradiation temperature which could 
be achieved. It would seem, therefore, that in b.c.c. materials 
there is a sensitive balance between the collapse of vacancies in 
a cascade to a vacancy loop or their retaining an uncollapsed 
distribution and perhaps dispersing in the lattice. 

Our results suggest that an important parameter in deter- 
mining whether or not cascade collapse occurs in a Fe is the 
energy density or compactness of the cascades. The results from 
Mo irradiated with heavy ions at high temperatures provide 
further support for this concept and also suggest that an 
important and closely associated factor could be the rate at 
which vacancies diffuse out of the cascade centre into the 
surrounding crystal. There is considerable doubt regarding the 
temperature range for long range vacancy migration in a Fe 
and thus we are not able to separate this factor from the 
energy density factor in the present results. We plan to clarify 
this by irradiating iron specimens with ions of different masses 
at 77 K. The results from pure f.c.c. metals and alloys suggest 
that energy density in the cascade is a less critical factor 
governing cascade collapse than for b.c.c. metals. Nevertheless, 
there is a marked trend for higher cascade collapse efficiencies 
on going to heavy metals irradiated with self ions, Cu/Cut —+ 
Ag/Agt — Au/Aut. Moreover, Haussermann™ has shown that 
in ion-irradiated copper the efficiency of cascade collapse to 
vacancy loops is higher for Aut ions that for Cu+ ions, while 
Ruault et al! have shown that in ion-irradiated gold the 
nature of the collapsed defects is also a function of ion mass. 
It seems, therefore, that energy density and cascade compactness 
are important parameters governing the development of damage 
structures in irradiated metals and their influence needs to be 
better understood. 
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Mechanical forces of electromagnetic origin 


EXPERIMENTS have been reported which verified that at low 
frequencies a time-varying polarisation P in a dielectric, if taking 
place in a magnetic field H, results in a mechanical force of 
density Px uH. This force is not predicted by the Minkowski 
energy momentum tensor, but the Abraham form of that tensor 
gives a force density in an homogeneous isotropic body of 
magnitude 


ð 
Ke — D/c*] zE xH) 


usually called the ‘Abraham Force’. In a dielectric this can be 
written Px u,H+Px uH. It is not surprising that PX pH 
should give a mechanical force, since P corresponds to a move- 
ment of electric charge associated with polarisation, but it is 
difficult to understand why P X pu, should give a force. 

To try to obtain experimental evidence of this effect, the 
same equipment was used as previously’’*, namely a disk of 
barium titanate suspended as a torsional pendulum between the 
poles of a powerful electromagnet, the only change from the 
previous experiment was to hold P fixed but to vary H with 
time at the same frequency as the oscillation of the disk. Great 
difficulties were caused by the magnet system. A considerable 
coupling of energy to the pendulum resulted from mechanical 
vibrations in the magnet coils and there may also have been 
electromagnetic coupling because of small geometrical imper- 
fections in the system. To avoid such resonance effects, we 
devised the following procedure. 

If E and H have the same frequency, then, irrespective of their 
phase relationship, the time average of the Abraham Force is 
always zero. Thus if E and H are in time quadrature and if in 
fact PX uH produces no mechanical force, there should be a 
time-averaged unidirectional force given by Px H. In the 
experiment, E and H were in time quadrature but at a frequency 
about 250 times the resonant frequency of the pendulum, 
thereby avoiding parasitic coupling from the magnet system. It 
was arranged that the direction of the electric field applied 
across the disk was reversed at the instants when the torsional 
pendulum reversed in its direction of motion, thereby ensuring 
that the applied force (if any) would always assist the oscillation 
of the pendulum. If no oscillation beyond the noise level 
resulted, the Abraham Force would be verified. In fact, a strong 
oscillation was observed which agreed closely (within 4%) with 
the amplitude predicted by the term Ëx uH acting alone. 

Full details will be published elsewhere, but we conclude that 
neither the Minkowski tensor nor the Abraham tensor is 
consistent with the observed effects. 
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High resolution image of 

copper phthalocyanine 

WE report here the successful high resolution of organic 
material by electron microscopy, a technique extremely sensitive 
to electron irradiation. As is well known, an inevitable factor 
that limits such high resolution microscopy is severe radiation 
damage, and, therefore, the electron beam must be reduced 
very much below the critical dose to prevent higher order 
details from fading. As a result, one cannot get high contrast 
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by using the usual films, and we used an X-ray film (Ilford, 
Industrial G) with a high quantum efficiency. With this film, the 
exposure time did not exceed 5-7 s in conditions of minimal 
beam irradiation (Williams ef al"), 

The specimen used was copper phthalocyanine, a widely 
used pigment. The thin film specimen for observation was 
grown epitaxially on a substrate of KCI. Preliminary experi- 
ments have found its crystal structure to be of the metastable 
a form*, with crystal parameters: a= 2.592 nm, =0.379 nm, 
c=2.392 nm, B=90.4°, monoclinic, C2/c. Furthermore, 
its crystal structure was found by Ashida to be closely 
isomorphic with platinum phthalocyanine (Robertson er al.*). 
The epitaxially grown crystallite has a special orientation 
relative to the substrate, namely, the b axis stands on the 
substrate surface at an oblique angle of ~ 32°, and planar 
molecules are stacked in parallel along the b axis. To observe 
the molecular image, therefore, the crystallite was tilted by a 
special holder with an oblique spacer. The observation was 
carried out in a JEM 100C. 

The critical dose of copper phthalocyanine was found to be 
1-2 Ccm~ by measuring the complete fading of a diffraction 
spot (Reimer). High resolution, however, requires many 
separate diffraction spots to construct the image, and therefore, 
as stressed above, the electron beam must be reduced below 
the critical dose. Although the electron dose was not directly 
measured, it was estimated as < 0.1 Ccm~* from exposure 
meter readings. 

Figure la shows a high resolution micrograph, taken at 
~70 nm under focus. It can be seen that the micrograph is 
extremely noisy, a result of using minimal beam irradiation 
and X-ray film with a large grain. We used an objective aperture 
of 20 um in diameter—through which spatial frequencies of 
up to 1.55nm~! could pass. Computer simulation would 
give the shape of the molecule under optimal focus condition 
(60-80 nm underfocus) but its shape would be poor’. We 
retrieved the molecular shape by using a lot of periodic 
unit cells, as described by McLachlan’, and Fig. 1c represents 
a retrieved image from the region well defined in Fig. la, from 
which an optical diffraction pattern represented the considerable 
conservation of structure details with a slightly asymmetric 
intensity distribution from the original electron diffraction 
pattern. We can see the shape of the molecule clearly in Fig. 1c. 
Figure 1b represents the relationship between the averaged 
image and an assumed structure based on the close isomorphic 
relationship to platinum phthalocyanine, with a slight rotation 
of ~ 18°. 

These pictures strongly suggest that a reconsideration of the 
crystal structure is in order. We are trying to improve our 
experiment by combining high resolution micrograph with 
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Fig. 1 Thin film for observation was prepared 
by vacuum deposition on a freshly cleaved 
KCI substrate, which had been preheated at 
400 °C for 1 h. Film thickness was controlled 
carefully to be < 100A. We regard it as a 
perfect phase object. a, High resolution 
electron micrograph viewed along the b axis. 
Careful inspection reveals some crystal 
details. b, The relationship of the molecular 
Orientation between the averaged imaged 
and the assumed isomorphic structure. 
XxX,’ indicates the molecular orientation 
of the retrieved image, XoXo’ the assumed 
molecular orientation. c, The averaged 
image obtained by using the redundancy 
information from an enclosed region, by an 
optical method ( x 1,24). 


intensity data from electron diffraction patterns, as described 
by Unwin et al.®. 

We thank Mrs H. Murata for purification of crude copper 
phthalocyanine, Y. M. also thanks the SRC for support. 
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Hot lines in the Earth’s mantle 


THE mantle ‘hot spot’ or ‘plume’ hypothesis of Wilson! and 
Morgan? has been used to explain linear chains of volcanic 
islands and seamounts as well as aseismic ridges. These features 
of the ocean basins were presumably caused by the motion of 
lithospheric plates over mantle plumes, since it is assumed that 
unusually intense volcanism occurs at the Earth’s surface above 
mantle plumes. Initially it was suggested that hot spots do not 
move relative to the lithosphere or to each other':*, but it was 
later proposed that some hot spots undergo a limited amount of 
motion relative to each other®*. Here we hypothesise that some 
linear volcanic chains are the expression not of lithospheric 
motion over mantle hot spots but of ‘hot lines’ in the mantle, 
above which volcanism occurs intermittently. 

The idea of mantle ‘hot lines’ is based on data collected on 
Easter Island (south-eastern Pacific) and along the tectonic- 
volcanic lineation running eastwards and westwards from the 
island. Wilson! and Morgan? originally suggested that Easter 
Island marks the site of one of the major ‘hot spots’ in the Earth’s 
mantle. The island consists of volcanic rocks, mainly basalt, but 
with significant quantities of more acidic types, including 
mugearite, trachyte and rhyolite (ref. 5 and E.B., C.G.A.H., 
D. E. Fisher, J. Honnorez, J. G. Schilling, J. J. Stipp and M. 
Zentilli, to be published). The petrology and geochemistry of 
these rocks (to be published) show close similarities to rocks of 
other areas interpreted as expressions of mantle plumes, such as 
Iceland®’’. The Easter Island basalts are richer in alkalis, iron 
and titanium, and large-ion lithophile elements (such as Ba, Sr 
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and Zr) than ocean basalts. They are enriched in light rare earth 
elements, and have *’Sr/®Sr, Pb and ®°4Pb/**Pb/?*Pb ratios 
in a range higher than ocean ridge basalts but similar to Iceland 
basalts (to be published). Volcanism which gave rise to the island 
occurred less than 2 Myr before present, and mainly within 
the last 1 Myr (to be published). Thus, the petrology and age of 
Faster Island are consistent with a mantle plume origin. 

If the Easter plume was active in the past, a trail of volcanoes 
should exist east of the island, along the direction of motion 
of the Nazca plate, and their age should increase with distance 
from the island. Indeed, a chain of volcanic islands and sea- 
mounts is observed along the so-called Easter Island Fracture 
Zone (to be published), including the islands of San Ambrosio 
and San Felix, and extending probably close to the Chile 
Trench (Fig. 1). The petrology of the islands of Sala y Gomez, 
San Felix, and San Ambrosio, and of a number of seamounts 
along the Easter Line, is consistent with a mantle plume origin 
(to be published). The ages of volcanism along the Easter Line, 
coupled with the spreading history of the Nazca plate, indicate, 
however, that the Easter volcanic chain cannot be explained 
by a fixed, single mantle plume. 

On the basis of identification of magnetic anomalies, Herron” 
demonstrated that the East Pacific Ridge in the south-eastern 
Pacific became an active spreading centre about 9 Myr BP; 
before this, the fossil Galapagos Rise (Fig. 1) was an active 
spreading centre. Anderson and Sclater® reached similar 
conclusions using the age-depth relationship of Sclater et al", 
even though their model of the spreading history of the Nazca 
plate differs in some respects from Herron’s®. Either model 
would require the development of a gap of several hundred 
kilometres in the volcanic chain along the Easter line, if a fixed 
mantle plume under Easter Island is the cause of the volcanic 
chain (to be published). Our surveys and the topographic map 
of Mammerickz et a/.!" indicate that no such gap exists; there- 
fore the Easter volcanic line cannot be caused by a single fixed 
mantle plume beneath Easter Island. Either a plume existed 
at the intersection of the Galapagos Rise and the Easter Line 
when the former was active, and moved to the Easter Island 
area when the Galapagos Rise became inactive, or two plumes 
coexisted, one in the Easter Island area, one at the Galapagos 
Rise (to be published). 

The age of volcanism along the Easter line confirms that the 
volcanic chain could not have originated solely from the motion 
of the Nazca plate over the Easter Island hot spot. Sala y 
Gomez was active 1.7 Myr ago, so it could not have formed 
at the site of Easter Island unless one assumes unreasonably 
high spreading rates. San Felix and San Ambrosio, located 
more than 2,700 km from Easter Island, were formed not 
earlier than one or a few million years ago, and still show signs 
of activity (to be published). 

We conclude that the activity which gave rise to the Easter 
volcanic line took place intermittently at several sites along 
the line (Fig. 1). This observation, coupled with the fact that 
the products of this activity are of the type ascribed elsewhere 
to mantle plumes, leads us to propose that a thermally anoma- 
lous linear zone exists in the mantle beneath the Easter line. 
This mantle hot line is the cause of the intense volcanism along 
the Easter line. 

We find it unlikely that the Easter line is simply a fracture zone 
caused by thermal contraction of the lithosphere’?! and that 
the igneous activity along it is solely the passive result of the 
lithospheric fracture-fracture zones such as those from the East 
Pacific (Mendocino, Murray, Clipperton and so on) and from 
the Atlantic (such as Romanche, St Paul and Vema), pre- 
sumably caused in part by lithospheric contraction, are charac- 
terised by little or no volcanism. The intensity of volcanism 
along the Easter line, and the fact that the magma source is 
probably deeper than the source of ocean ridge magmas, 
suggest that the Easter hot line reflects processes initiated 
beneath the lithospheric plates. 

Based on theory and laboratory experiments, two types of 
mantle convective flow have been postulated by Richter and 
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Fig. 1 Schematic illustration of the Easter hot line, showing the 
distribution of islands and of known seamounts in the area. 
Vertical full arrows indicate sites of young (<2 Myr) volcanism: 
vertical open arrow indicates site of old (~10 Myr) volcanism 
at the intersection of the Easter line and the fossil ridge. The 
small Easter plate is described by Herron. The Easter hot line 
is shown as due to Richter“ mantle convective rolls; upwelling 
spouts" may actually be responsible for the line. 4. Islands; 
A, scamounts. 


Richter and Parson, The first is a large scale flow, con- 
sisting of the plates themselves and of the return flow necessary 
to conserve mass, and the second a small scale flow, approaching 
a Rayleigh—Benard type convection, assumed to reach depths 
of about 650 km (where a major seismic discontinuity exists), 
with a similar horizontal scale’. The small scale convection 
rolls tend to become aligned with their axes parallel to the 
direction of motion of the plate-—in times of 20-50 Myr for 
fast moving plates (10 cm yr~') but as much as several hundred 
million years for slow moving plates (2cm yr~') (refs 14 and 15). 

We suggest that the Easter hot line is the expression of 
mantle activity occurring along the rising limbs of adjacent 
Richter! convective rolls, with their axes parallel to the 
direction of motion of the Nazca plate. The required condition 
of relatively high plate velocity is probably fulfilled or at 
least approached in the Nazca plate, if we assume that the 
velocity of plates relative to the sublithospheric mantle is- 
related to the measured spreading rates (~ 10 cm yr~') (refs 
8 and 9). Making the same assumption, the direction of the 
Easter hot line is also the correct direction for a Richter con- 
vective roll, as it is almost exactly parallel to the direction of 
spreading. On the other hand, at lower plate velocities a pattern 
of mantle flow develops which is characterised by both up- 
welling and downwelling spouts, also aligned parallel to the 
direction of plate motion". 

If the horizontal scale of each cell in the transverse con- 
vective rolls is about 650 km (refs 14 and 15), the distance 
between upwelling spouts would be roughly twice that distance. 
The San Felix-San Ambrosio ‘hot’ area is roughly 2,800 km 
from Easter Island or 2,600 km from a middle point between 
Easter Island and Sala y Gomez, and the fossil “hot spot’ at the 
Galapagos Rise was roughly halfway between the Easter- 
Sala y Gomez and the San Felix-San Ambrosio hot area. Thus, 
the distance between hot areas along the Easter line (roughly 
1,300 km) is consistent with Richter and Parson's model. 

We conclude that the Easter hot line is the result of mantle 
convection rolls or spouts aligned parallel to the direction of 
plate motion. The small Easter Plate!’ may be the result of 
complex interaction of two patterns of mantle flow at the 
intersection of the Easter line and the East Pacific Rise. It is 
possible that a hot line exists also west of the East Pacific 
Rise, extending into the Pacific Plate, along a chain of islands 
and seamounts up to Pitcairn Island. Pitcairn is <1 Myr old”, 
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Hot lines differ from ‘normal’ fracture zones in that the 
latter are primarily the result of lithospheric contraction!?-13, 
with the sublithospheric mantle having a passive role and 
consequently with little or no mantle-derived volcanism. The 
‘hot lines’ are instead caused by activity of the sublithospheric 
mantle, ag in Richter and Parson’s model, and are characterised 
by volcanism of a type previously ascribed to mantle plumes. 
It is possible that some oceanic aseismic ridges are caused by 
mantle ‘hot lines’ rather than by motion of plates over hot 
spots. 
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Acoustic response to 
chemical stimuli in ground crickets 


IN several species of ground crickets (Orthoptera, Gryllidae, 
Nemobiinae), chemical communication may be used in addition 
to acoustic communication in bringing males and females 
together. In laboratory experiments, a high proportion of males 
of three Allonemobius species and one Pictonemobius species 
showed rapid antennation and produced calling songs shortly 
after exposure to paper from the cages of female crickets. This 
is the first report of an acoustic response to chemical stimuli in 
singing Orthoptera. 

Populations of A. fasciatus, A. allardi, A. tinnulus and 
Eunemobius carolinus were studied where they occur in sym- 
patry in Suffolk County, Long Island, New York, in 1972, 
1973 and 1974. A. fasciatus and A. allardi were also studied in 
Tompkins County, New York in 1974. In addition, sympatric 
populations of A. fasciatus and P. ambitiosus were studied in 
Gainesville, Florida, in 1975. Several A. sparsalsus males were 
collected in Florida (by T. J. Walker) and then studied in New 
York in 1974. The male crickets used in experiments were field 
captured, except for 33.3% of the A. tinnulus males and 18.9°% 
of the A. fasciatus males, which were laboratory reared. 

Adult males were kept individually in small cages for 1 week 
before testing. The cage of each male was carried from a rearing 
area to an experimental area where the cricket was placed in a 
plastic box (35.5 x 28 x 15 cm) containing one of the following 
stimuli: (1) control, clean paper towels; (2) paper conditioned 
in the rearing cages of female crickets (usually 12 virgin fe- 
males); (3) paper conditioned by males (groups of 8-12 adult 
male crickets); (4) live females (usually 12 virgin females). All 
experiments were carried out under laboratory light during the 
‘on’ periods of the rearing room light cycle, at temperatures 
between 22 and 28 °C. In experiments with paper, a stopwatch 
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Fig. 1 Proportions of A. fasciatus (a), A. allardi (b) and A. tinnulus 
males (c) that sang in tests with control paper (C), female- 
conditioned paper (2P) and live females (29). For each species, 
a significantly greater proportion sang on female-conditioned 
paper than on control paper. A significantly greater proportion 
of A. allardi males sang in the presence of live females than on 
female-conditioned paper. Numbers above bars refer to number 
of males tested. 


was started when the male was dropped into the box; in 
experiments with live females, timing was begun when the male 
made antennal contact with a female. The watch was stopped 
at 5 min, or when the male began to stridulate. A stridulatory 
response within 5 min was noted as a positive response. Each 
male was tested only once with a given stimulus; for stimuli 
other than controls, males were tested only once every 24 h. 

In addition to the main series of experiments, A. fasciatus 
males were tested with paper from the cages of early instar and 
older male A. fasciatus juveniles (that is, juveniles without 
visible ovipositors). 

Many of the males gave a vigorous positive response in tests 
with paper conditioned by females (Figs 1 and 2). These males 
walked in the test box for several seconds after being placed on 
the paper, slowly antennating and palpating the substrate. 
Often, the cricket showed an obvious increase in the rate of 
antennation and made frequent erratic changes in body orien- 
tation, as though searching. Soon, usually within seconds, the 
male raised his tegmina (forewings) and stridulated. Some males 
stood still and sang, others slowly walked while singing. 

A wide range of behaviour was shown by males that did not 
respond with song to conditioned paper. Some were completely 
inactive in the test box, others made the transition from ex- 


Fig. 2 Proportions of P. ambitiosus (a), E. carolinus (b) and A. 
sparsalsus males (c) that sang in tests with control paper (C), 
female-conditioned paper (9P) and live females (99). A sig- 
nificantly greater proportion of P. ambitiosus males sang on 
female-conditioned paper than on control paper. Numbers 
above bars refer to number of males tested. 
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ploratory walking to the quick searching behaviour, but 
produced no song within 5 min. 

The numbers above the bars in Figs 1, 2 and 3 are the numbers 
of males tested with each stimulus; the height of the bars shows 
the proportion of males that sang within 5 min, For A. fasciatus, 
A. allardi, A. tinnulus and P. ambitiosus, the proportion of 
males that sang in response to paper conditioned by conspecific 
females was significantly greater than the proportion that sang 
on the control paper (P< 0.05 in 2 = 2 G tests of independence"; 
Figs 1 and 2). In the absence of visual, acoustic, or tactile cues, 
males of the four species sang in response to some factor, 
presumably chemical stimuli left on the substrate by females. 
None of the Eunemobius carolinus and A. sparsalsus males gave 
a positive response in the presence of conspecific female paper. 

A. fasciatus, A. allardi, and A. tinnulus males showed a 
significantly greater response to conspecific female paper than 
to paper conditioned by conspecific males (Fig. 3). Furthermore, 
A. fasciatus males showed a greater response to paper con- 
ditioned by adult females than to paper conditioned by A. 
fasciatus juveniles (Fig. 3). These results suggest a sexual role 
for chemical communication in these species. Ground crickets 
of these genera produce quiet, high pitched songs relative to 
those of field crickets (subfamily Gryllinae), or even other 
nemobiine genera (for example, Eunemobius)*. The softer, 
higher pitched songs are not likely to carry far to attract females 
at a distance. Perhaps the song-releasing stimuli left on the 
substrate by females are pheromones which indicate areas where 
singing males are most likely to attract females. The stimuli may 
be important in species isolation; I have experimental evidence 
of specificity at the species level’. 
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Fig. 3 Proportions of A. fasciatus (a), A. allardi (b) and A. tinnulus 
males (c) that sang in tests with female-conditioned paper (?P) 
male-conditioned paper (4P); and juvenile-conditioned paper (JP) 
for A. fasciatus. For each species a significantly greater pro- 
portion sang on female-conditioned paper than on male-con- 
ditioned paper. A greater proportion of A. fasciatus males sang 
on female-conditioned paper than on juvenile-conditioned 
paper. Numbers above bars refer to number of males tested. 


Previous studies have described pheromone-like communi- 
cation in crickets*** and chemically-induced stridulation has 
been reported for the Douglas fir beetle’. The data reported 
here, however, demonstrate song-releasing chemical stimuli in 
insects well known for their acoustic communication. Further 
studies may reveal something about the evolutionary origins of 
cricket song. In some cockroach species (for example, Blattella 
germanica) males raise their wings and expose gustatorial 
glands (which females feed on) in response to antennal contact 
with a female pheromone*’. This is of interest here since 
crickets are believed to have a cockroach-like ancestor®. 

At present, the origin and nature of the song-releasing 
stimuli are unknown. Initial attempts to isolate stimuli from 
the faecal pellets of females have resulted in ambiguous bio- 
assays. 
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Changeable coloration of cornea 


in the fish Hexagrammos octogrammus 


ALTHOUGH fish are considered ‘lower’ vertebrates, the visual 
apparatus of some species has a high degree of adaptability 
unparallelled in other vertebrates. For example, members 
of the Hexagrammidae can change their cornea rapidly 
from colourless in the dark, to deep red in bright light’. 
We have studied this ability in Hexagrammos octogrammus 
Pallas. a common shallow-water fish of the Japan Sea, and 
found that it is caused by the effects of illumination on the 
distribution of coloured cytoplasm in the corneal 
chromatophores. 

Specimens of H. octogrammus caught by night or kept 
in the dark have a cornea as transparent and colourless as 
that of most fish. But specimens collected in their natural 
environment by day, or kept in an illuminated aquarium, 
have a bright orange or deep red cornea. If a light-adapted 
fish is placed in the dark, its cornea gradually pales, becom- 


Fig. 1 Absorption spectra measured in pupil zone of corneas 
from H. octogrammus in different adaptation states: a, in full 
darkness: c, intermediate (yellow) coloration observed after 
about 30 min in sunlight after full dark adaptation; d, full color- 
tion after 2h in sunlight; 6, yellow cornea of Pleurogrammus 
monopterigius in full colour; e, control. 
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Fig. 2 Reconstruction of anterior part of the eye in H. 
octogrammus. SC, Chromatophores; C, chondreal sclera; I, iris. 


ing yellow and then colourless. Similarly, in bright illumina- 
tion, a colourless cornea becomes yellow and then red, even 
at night. The speed of colour change depends on the 
intensity of illumination, and when a fish is transferred from 
direct sunlight to darkness, complete decoloration usually 
takes 1.5-2 h. If the fish is kept continuously in light inten- 
sities of about 101x, its cornea becomes yellow without 
reddening. 

The cornea of H. octogrammus has surprising absorptive 
properties as a colour filter. Its transmittance in the pupil 
zone in the light-adapted state does not exceed 0.3% for 
wavelengths of 400-500 nm. It absorbs more than 10% of 
the light up to a wavelength of 580 nm (Fig. 1). The most 
saturated coloration reported so far for a fish cornea has 
been that of the South American Astronotus (Cichlidae) — 
yet in this species the minimum transmittance is not less 
than 4%, absorption above 10% being observed only for 
wavelengths shorter than 510 nm. 

This changing corneal coloration can be compared with 
retinomotor and pupil reactions, which regulate the quan- 
tity of light reaching the receptor layer. The most likely 
function of the yellow and orange coloration is to improve 
the resolution of the eye by eliminating harmful loss of 
contrast of retinal image due to (1) a blue veil of light 
scattered on intraocular and extraocular media, and (2) 
chromatic aberration‘, which can be quite significant in the 
fish eye’. Thus shallow-water fishes like H. octogrammus 
searching for food on a well-lit substratum can benefit 
from a coloured cornea in spite of the loss of sensitivity 
because it is only at low light intensities that preretinal 
filters become a disadvantage. The exceptional saturation 
of the filters in H. octogrammus is tolerated because the 
fish can, so to speak, remove its sunglasses when it gets dark. 

In most animals there is diffuse coloration of some part 
of the eye—in tree shrew, ground squirrels and diurnal 
snake the whole lens is yellow‘, in others, as in some squid". 
a distinct layer of lens or of the cornea, as in the perch and 
pike, is coloured. In H. octogrammus the cornea is coloured 
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by specialised corneal chromatophores, which differ consi- 
derably in structure from ordinary dermal chromatophores. 

Chromatophore cell bodies comprise two compact sickle- 
shaped masses near the upper and lower edges of the 
cornea, outside the pupil zone. In a vertical section of the 
cornea, cell masses are surrounded by fibrous tissue. Each 
chromatophore (50-70 um in diameter) is pear shaped and 
gradually tapers into a single, flattened process. All pro- 
cesses are oriented vertically (in the eye of a living fish) and 
extend downwards or upwards, according to the position of 
the cells in the upper or lower cell mass, and overlap the 
pupil zone (Fig. 2). 

Corneal coloration is altered by redistribution of coloured 
cytoplasm between cell bodies (Fig. 3) and their processes. 
Direct observation of the living fish under a dissecting 
microscope showed that in fish kept in bright light the pro- 
cesses are filled with cytoplasm, but in the dark they become 
empty and invisible. 

There are two kinds of corneal chromatophore—deep red 
and yellow—resembling dermal erythrophores and xantho- 
phores in their coloration. When a dark-adapted fish is 
exposed to bright light, the processes of the yellow chroma- 
tophores fill up first, giving a transient yellow colour to the 
cornea (Fig. Ic). The corneas of Pleurogrammus mono- 
pterigius and H. stelleri (both Hexagrammidae) have only 
yellow chromatophores, the colour of their corneas in the 
light-adapted state being similar to the intermediate color- 
ation of that of H. octogrammus and the permanent colour 
of the cornea of pike and perch’. The absorption bands at 
427, 455 and 485 nm reveal the carotenoid nature of the 
yellow pigmentation. The coloration of red cornea of H. 
octogrammus in light-adapted fish corresponds to absorp- 
tion in the red corneal chromatophores, their absorption 
spectrum consisting of a single broad band (the half-band 
about 400-550 nm) with a single flattened maximum at 


Fig. 3 Ultrastructure of the chromatophore from H. octogrammus 

cornea. Numerous lipid granules (LG), arborised invaginations 

of cell membrane (I), collagen fibres (C), pinocytosis vesicles (PV), 

mitochondria (M) and Golgi apparatus (GA) are visible. 
(x 29,750). 
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about 480nm. The difference between the absorption 
spectra of the two types of corneal chromatophore, shown 
by microspectrophotometry, € cannot be explained as result- 
ing from differences in concentration of the same coloured 
substance. 

The corneal chromatophores differ from other (dermal) 
chromatophores in having only one process, and having, in 
the cytoplasm of the cell body and process, homogeneous 
round granules of intermediate electron density (100-120 nm 
in diameter), which might be lipid droplets in which 
carotenoids are dissolved (Fig. 3). Both cell bodies and pro- 
cesses contain many microtubules (25nm in diameter), 
lining the axis. No lipid granules have been found in the 
processes of dark-adapted fish, although microtubules and 
numerous pinocytosis vesicles are sometimes present. There 
are many invaginations of the cell membrane, up to 100 nm 
wide and several um long, with pinocytosis vesicles attached 
to them. Unlike ordinary dermal chromatophores—erythro- 
phores and xanthophores—the corneal chromatophores 
contain no pterinosomes’. 

Microtubules are directly concerned with dispersion and 
aggregation of pigment granules in melanophores*™, and 
antimitotic agents (colchicine and vinblastine) which destroy 
the normal function of microtubules may block the move- 
ment of pigment granules’. After injection of colchicine 
into the ocular bulb of H. octogrammus the response of 
cornea to a change of illumination is slower and weaker. 

Changes of the corneal coloration caused by specific 
corneal chromatophores are not restricted to members of 
the Hexagrammidae. They have been observed, but to a 
lesser degree in several species of other families, such as 
the Blennidae, Cottidae and Tetraodontidae. 
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Aversive behaviour of 
crown-of-thorns starfish to coral 
evoked by food-related chemicals 


WHEN Acanthaster planci, the coral-predating crown-of- 
thorns starfish, encounters living coral or when it is 
presented with coral extracts, it rears the arms near to the 
stimulus source aborally and retracts the tube feet of these 
arms into the ambulacral groove'’’’. This aversive behaviour 
has generally been attributed to the effect of discharge of 
coral nematocysts'’, or to toxins released from nemato- 
cysts‘. But arm rearing may be evoked before contact is 
made with corals, and both “withdrawal” responses are 
produced by non-coral food or food extracts which 
stimulate A. planci to feed (R.J.M., unpublished). This 
suggests that it is not nematocysts or their toxins which 
are responsible, but rather chemicals from coral tissue. 
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The experiments described here show that this is the case: 
the function of the aversive response seems to be protec- 
tion of the starfish against nematocyst discharge on 
contact with coral. 

The role of nematocyst toxins was investigated by com- 
parison of the effects on A. planci of extracts of whole 
coral tissue and homogenised isolated nematocysts from 
three coral species, including Millepora dichotoma (‘fire 
coral’), which is only rarely attacked by A. planci. To 
validate comparisons between the extracts of each species 
of coral, and show up any differences in activity, it was 
necessary to equalise concentrations of non-stimulatory 
components of the extracts. Collins’ found that only low 
molecular-weight components of coral extract, apparently 
amino acids, elicited arm withdrawal, It was assumed that 
sduble protein represented the bulk of non-stimulatory 
material in both nematocysts and tissue cells, and so the 
protein concentrations of the extracts were equalised—by 
dition of the more concentrated extracts—after estimation 
by the method of Lowry et al.*. 

Table 1 summarises the effects of dripping extracts near 
the tips of arms of moving starfish. It shows that the 
homogenised nematocyst preparation of only one coral, 
Milepora dichotoma, evoked stronger responses than those 
proluced by the corresponding whole coral extract, and even 
the: the responses evoked were weaker than those pro- 
duced by the whole tissue extract of Acropora multicaulis, 
in spite of the far greater protein concentration of the 
Milepora extract. 

Moreover, the high efficiency of isolation of nematocysts 
of Millepora dichotoma (Fig. 1) made possible an estimate 
of the proportion of total tissue volume in intact Millepora 
occupied by nematocysts: it was approximately 2%. Thus 
the :ontribution made by nematocyst contents to the arm- 
rearng and tube-foot retraction activity of a whole coral 
extrict seems to be negligible. 

W: even found that intact isolated nematocysts had no 
obsevable effect on the tube feet of A. planci—yet 
accicental splashes of nematocyst suspensions on to our 
skin produced typical stinging sensations. 

These unexpected results suggested that nematocyst 
contats had leaked into the whole coral extracts during 
preparation, although most nematocysts remain undis- 
charged. This objection was negated by testing extracts of 
meseiterial filaments, which contain greater concentrations 
of nenatocysts than other coral tissues (Fig. 2) and may 
be renoved intact from corals with large polyps. Even so, 
as Taile 1 shows, the responses elicited by the mesenterial 


Fig.. Photomicrograph of nematocysts isolated from ‘fire 

coral, Millepora dichotoma, and used in the preparation of 

nemaocyst extracts. The darker objects are fragments of coral 
skeleton. For further explanation, see text. 
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Table 1 Comparison of the effects on A. planci of extracts of whole coral tissue, homogenised nematocysts and mesenterial filaments 


% Purity Mean response, % 
(approximate) Protein (to 5 drops and 10 drops, 
Coral of Extract concentration respectively) 
nematocyst (ug ml ~>) Arm Tube-foot 
preparation rearing retraction 
Whole coral 
Acropora extract 8, 42 8, 33 
multicaulis 60 100 
Homogenised 
nematocyst 0, 0 0, 8 
supernatant 
Whole coral 
Porites extract 0, 17 8, 17 
solida 50 73 
Homogenised 
nematocyst 0, 0 8, 8 
supernatant 
Whole coral 
Millepora extract 0, 25 8, 25 
dichotoma 85 680 
Homogenise¢ 
nematocys 8, 33 8, 33 
supernatart 
Whole coral 25, 58 33, 67 
extract 
Fungia Mesenterial 8, 42 8, 42 
fungites — filament 62 
leachings 
Homogenistd 
filament 17, 42 17, 42 
supernatint 
Whole cord 33, 67 25, 33 
extract 
Platygyra Mesenteria 17, 42 8, 42 
lamellina — filament 85 
leaching: 
Homogenied 
filament 8, 25 0, 42 
supernaant 


D 

Extracts of whole coral tissue were prepared by immersion d living corals in distilled water at 5 °C for 12 h, followed by centrifugation to 
remove cell debris, zooxanthellae and nematocysts, rotary evaporation to dryness, and redissolution in seawater. To isolate nematocysts, un- 
centrifuged whole coral extracts were fractionated by differenial sedimentation to separate nematocysts from cell debris and zooxanthellae. 
The nematocyst preparations were homogenised in seawater ti discharge them and break up the capsule, and then centrifuged. Corals were 
induced to extrude their mesenterial filaments by scrubbing, aid the filaments were collected using forceps. They were then left overnight in 
filtered seawater at 5 °C, shaken to break up the structure, anl centrifuged: the supernatant was tested as “leachings’’. The third extract was 
produced by homogenising the centrifugate—consisting of remiining tissue and nematocysts—followed by centrifugation. The supernatant was 
tested as “homogenised filament supernatant’, The extracts wee tested on four starfish by dripping at a rate of about one drop per s on to spots 
| cm from three arm-tips of moving starfish, avoiding drippirg directly on to tube feet. The mean responses are to 5 drops and 10 drops, de- 
livered concurrently, and were calculated by grading the strengns of responses on a four-point scale (0 to + + +), averaging, and rounding off to 
the nearest whole number. As far as possible, the same animals vere used for testing different extracts of the same coral species. 


filament extracts are, in nearly all cases, weaker thanthose Fig.2 Photomicrograph of a fragment of a mesenterial filament 
reduced by whole coral extracts from the brain coral Platygyra lamellina, showing the high con- 
P y a : centrations of nematocysts present. Two types may be distin- 
It thus seemed clear that neither nematocysts no! their guished where the nematocysts have been ejected from the surface 
contents were primarily responsible for the arn and of the filament by the pressure of the slide coverslip. 


tube-foot “withdrawal” responses evoked by coral extracts, 
although the nematocysts in living coral may hav: some 
effect. This suggested that the aversive responses coistitute 
at least partly a response to food-related chemicas, and 
we conducted a search for arm-rearing activity n low- 
molecular-weight compounds known to be responsble for 
feeding attraction in other marine invertebrates’*. The 
results are summarised in Table 2. 

When the chemicals were tested individually, only betaine 
produced arm-rearing activity at concentrations lowenough 
to suggest its presence in coral as an active ingredint, But 
a synergistic effect seems to operate when mixture of the 
chemicals are tested, as observed in some other marine 
invertebrates’ *, 

The link between arm rearing and feeding in J. planci 
was confirmed by the finding that a mixture of beaine and 
three amino acids potent at inducing arm -earing— 
arginine, proline and glutamic acid—induced stomach 
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eversion in five out of nine starfish tested, using Collin’s° 
assay for feeding-inducing activity. 

To examine for the presence of betaine and the amino 
acids in coral tissue, the ninhydrin-positive fraction of the 
low molecular-weight fraction of an extract’ of Acro- 
pora sp. was run in several sample strips alongside betaine 
standards and standard mixtures of the amino acids, on a 
paper chromatogram in a descending medium of butanol- 
acetic acid~water (3:1:1). When developed with a stain 
for alkaloids” it revealed a spot on the coral fraction strip 
running in the same position as betaine. The eluate of part 
of another sample strip corresponding to the alkaloid spot 
induced arm rearing in only two out of six trials, but the 
eluate of the rest of the strip possessed no activity. It thus 
seems likely that betaine, or another alkaloid with similar 
R: in the solvent used, is the most potent factor in eliciting 
the arm-rearing response. o 

On another sample strip on the chromatogram, staining 
with ninhydrin revealed spots which corresponded with the 
position of the amino acid standards: thus their presence 
in coral tissue is also very likely. 

Thus we found that arm rearing in A. planci can be 
induced by chemicals present in coral tissues which also 
stimulate it to feed. A consideration of the morphology of 
asteroids leads us to expect some raising of arm-tips in 
response to chemicals derived from prey, to aid the tube 
feet in location of epifaunal prey, and this is borne out 
by the literature’~“. In A. planci, however, the full 
response seems to be exaggerated beyond that of other 
asteroids, the arms being raised and curled back along 
their entire length. 

Although our results suggest that nematocysts are directly 
responsible only to a limited extent for the aversive 
reaction of A. planci when it encounters living coral, it 
is certainly under threat from them, as discharged nemato- 
cysts have been found attached to tube feet after contact 
with coral tentacles (R.J.M., unpublished). It seems likely 
that the exaggerated arm curling, triggered by chemicals 
derived from coral tissue, serves to protect the tube feet 
against excessive nematocyst discharge on contact with 
coral. While this protection cannot be complete, the 





Table 2 Arm rearing in response to food-related chemicals and 





mixtures 
Substance % Arm rearing at 
| IOM 103M 10~M 107M 

Lysine o 10 0 
Arginine —— e  «» 4 0 
Tryptophan ID 0 
Histidine 20 0 
Hydroxyproline a 0 0 
Proline 50 0 
Glutamic acid 80 0 
Betaine . = 100 65 0 
Lactic acid -%9 0 
Trimethylamine 100 0 
Taurine o «90 0 
Trimethylamine 

oxide 100 0 
Mixture 

10 M Proline 

10-3? M Arginine 

10-7 M Glutamic acid 80 

10-3? M Tryptophan 

10- M Betaine 

10-4 M Proline 

10-4 M Arginine 

1074 M Glutamic acid 30 

107 M Tryptophan 

1076 M Betaine 





Solutions were tested by dripping 10 drops at about one per s about 
lcm from an arm tip of a moving starfish. Ten or 20 trials were 
performed for each solution and individual starfish were generally 
tested twice, The results are expressed as the percentage of trials in 
which rearing was observed. 


strength of the nematocyst defences of a coral species 


‘may not be as important as has been suggested (refs i 


and 2 and unpublished results of R. F. G. Ormond, H. J. 
Hanscomb and D. H. Beach) in determining the 
acceptability of that species to A. planci as prey. 
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Hybrid crown-of-thorns starfish 
(Acanthaster planci x A. brevispinus) 
reared to maturity in the laboratory 


Tue coral predators Acanthaster planci L. and A. ellisii 
(Gray) have been the subject of many publications in 
recent years. But there is another little known Acanthaster 
species, A. brevispinus Fisher, which was described from 
two specimens dredged in the Sulu Archipelago, Philip- 
pine Islands’. The species has been reported from the Great 
Barrier Reef region, Queensland’’ and specimens have 
been collected recently off Townsville, North Queensland, 
from sandy substrates and not on coral reef. Although 
A. brevispinus differs conspicuously from the other species 
in having very short and numerous spines on the aboral 
disk surface, Madsen‘ and Caso were dubious of its status 
in their reviews of the genus Acanthaster Gervais, Pheno- 
typic variation of A. planci was suggested in verbal discus- 
sion among Australian biologists. We describe here a 
resolution of the status of A. brevispinus by in vitro crosses 
with A. planci which led to the rearing of hybrid starfish. 

Ripe specimens of A. brevispinus were collected by 
trawling in December 1973, near the time of annual gamete 
release by A. planci in Great Barrier Reef waters’. Gonads 
were dissected from starfish of both taxa. Ovaries were 
treated with 10°°M 1-methyladenine in seawater to mature 
the oocytes’, which were fertilised in vitro at 28°C with 
sperm suspensions. Four groups of larvae, that is, each 
species and reciprocal crosses, were reared from eggs using 
the technique which gave a high success rate for 4. planci 
larvae’. The different larvae passed through similar bipin- 
naria and brachiolaria stages. Numbers of late stage larvae 
in each batch represented 10-20% of the original numbers 
of eggs, except for the A. brevispinus batch in which only 
a few normal late brachiolariae developed. After 4 weeks, 
late larvae were transferred to static conditions with 
settlement substrates of coralline algae, coral skeleton and 
filamentous algae. 

The newly metamorphosed starfish were five-armed and 
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0.4-1.0 mm in diameter. They fed on encrusting algae. Many 
failed to develop normally and, 6 weeks after metamorphosis, 
60 A. planci, 30 A. planci hybrids, six A. brevispinus hybrids 
and no A. brevispinus remained. (For brevity, hybrids are 
named after the maternal taxon.) At this time, the young 
Starfish were transferred to aquaria in a recirculating sea- 
water system 33-35%, salinity and 25+3 °C, and provided 
with coralline algae on coral skeletons for food. The three 
kinds of young starfish grew and added arms in the order 
described for A. planci by Yamaguchi’. Five to seven months 
after metamorphosis they achieved their adult number of 
arms and about this time commenced feeding on coral 
polyps, Pocillopora damicornis and Acropora acuminata, 
provided in addition to coralline algae. Late in their second 
year of development, the hybrid starfish and A. planci 
developed gonads with normal gametogenesis (sampled by 
biopsy). Sizes at 1 and 2 yr of age are shown in Table 1. 

It is impossible to distinguish hybrid starfish and A. 
planci by morphology during the early months of develop- 
ment. But hybrids with a diameter of more than 200 mm 
have conspicuously shorter spines than A. planci and longer 
spines than A. brevispinus (Figs 1 and 2). In other features 
in which A. planci and A. brevispinus differ consistently, 
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Fig. 1 Aboral views of starfish. 
a, A. planci (215 mm diameter); 
b, A. brevispinus (225mm); c, A. 
planci hybrid (210mm); d, A. 
brevispinus hybrid (210 mm). 


the hybrid starfish show intermediate conditions, that is, 
density of aboral disk spines, length of aboral pedicellariae, 
length and number of adambulacral spines, shape of sub- 
ambulacral spines, interradial marks on the disk and taper 
of arms. The intermediate hybrid features may be more 
similar to one parental condition, that is, on the aboral disk 
surface of hybrids, spine length approximates more to the 
A. brevispinus condition (Fig. 2), while the pedicellariae are 
slender, resembling those of A. planci. There are no con- 
sistent differences between A. planci hybrids and A. brevi- 
spinus hybrids. Some A. planci show a persistent “‘bull’s-eye”’ 
pattern on the aboral surface from a pale ring of papulae 
(dermal evaginations) (Fig. 1a). One of three A. brevispinus 
hybrids shows the pattern (Fig. Id): none of twelve A. 
planci hybrids shows the pattern. 

A. planci and A. brevispinus differ in habitat and 
morphology and also in their feeding behaviour. Scallops, 
Amusium balloti and Amusium pleuronectes, occur in the 
habitat of A. brevispinus, and in the laboratory A. brevi- 
spinus traps and eats live scallops beneath the disk. It 
shows an arched posture when digesting live and dead scal- 
lops and scallop flesh. A. planci never traps live scallops and 
never arches when feeding on scallop flesh. (A. planci 








Table 1 Diameters of starfish, A. planci and hybrids, reared in the laboratory 
l-yr-old 2-yr-old 
Mean diam. (mm) Range (mm) Mean diam. (mm) Range (mm) 
A. planci 33.4 18.0-61.2 (17) 198 145-255 (13) 
A. planci hybrid 30.8 19.7-44.1 (8) 199 165-250 (9) 
A, brevispinus hybrid 36.4 35.7-37.0 (2) 223 215-230 (3) 


S 


Numbers of individuals measured are given in parentheses. 
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Table 2 Reactions of starfish, Acanthaster species and hybrids, to live scallops 


Nos of 
Individuals 
A. planci 3 
A. planci hybrid 5 
A. brevispinus hybrid 3 
A. brevispinus 3 


Mean contacts 


Recorded hours with scallop per h 


of activity of activity 
43.6 0.50 
107.0 1.94* 
62.9 PA 
19.9 3.52 


mmmn 
The three A. brevispinus, 220-240 mm diameter, were tested 3d after collection. The others were laboratory-reared starfish, 160--190 mm 
diameter, which had been fed solely with algae and coral before this experiment. Each starfish was placed in a glass aquarium 30 x 30 x 50 om 
with running seawater and continuous illumination. Activity was recorded by an 8-mm movie camera, situated above the aquarium, making 
exposures at 30-s intervals. The starfish was accustomed to the apparatus for a day and then a live scallop, Amusium pleuronectes, was added and 
filming commenced. Duration of filming was 27-31 h. Film strips were analysed frame by frame. Each new contact with the scallop by the 
starfish, that is, passing at least part of an arm over the scallop, and periods of quiescence were recorded. Data for each starfish were recorded as 
numbers of contacts per unit period (h) of locomotion in case contacts with scallops were purely incidental, being related only to the amount of 
activity. Numbers of 0, 1... 6+ contacts per hour were accumulated for each kind of starfish. For statistical analyses, these numbers were 
adjusted to 100 h total activity and the numbers in each category for two kinds of starfish compared by x? analysis. 


*These data are not si 
(P < 0.001) (see explanation of statistical analysis above). 


normally feeds on hermatypic coral, but it will accept a 
range of animal flesh when hungry.) The hybrid starfish 
trap scallops and they may adopt an arched posture, 
although not as pronounced as A. brevispinus, when 
feeding on scallops. Further evidence of behavioural re- 
actions to scallops by hybrid starfish, inherited from their 
A. brevispinus parent, is shown in Table 2. Hybrid starfish 
reared on coral showed a significantly greater rate of 
contacts with scallops than A. planci of similar experience. 
Contacts with the scallop usually occurred when the star- 
fish moved towards it across the floor of the aquarium and 
contact was often terminated by the scallop escaping with 
rapid valve movements. 

It has been shown that the starfish described as A. brevi- 
spinus are genetically different from typical A. planci: 
crossing them produces starfish which differ in morphology 
and behaviour from A. planci reared in the same condi- 
tions. There is no evidence of gamete incompatibility 
between the two taxa, as found in interspecific crosses 
attempted with other asteroids’’’’, There is obviously a 
high degree of genetic compatibility between them, at least 
to F, hybrids. But they are isolated in the field by their 
habitat preferences, A. planci on coral reefs and A. brevi- 
spinus in deeper water on sandy substrates. Although 
probably they both spawn during summer in Great Barrier 
Reef waters, the chance of cross fertilisation is remote: 
ripe A. planci spawn in response to a pheromone released 
with gametes by neighbouring individuals? and this 
mechanism is unlikely to operate over hundreds or 
thousands of metres, with consequent dilution of the 
pheromone and gametes. No natural intermediate forms 
have been found in the Great Barrier Reef region, 


Fig. 2 Maximum disk (a) and arm (4) spine lengths on the 
aboral surfaces of Acanthaster planci (@), A. brevispinus (A), 
A. planci hybrids (©) and A. brevispinus hybrids (A). Regression 
lines were fitted by least squares method (hybrid data pooled). 


30r, A 


Maximum spine length (mm) 
e 
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gnificantly different (P < 0.5); they are the only data for two kinds of starfish which are not significantly different 


although the reef environment has been surveyed extern- 
sively by biologists aware of the morphology of 
A. brevispinus ™ ". 

A. planci and A. brevispinus are taxa which do not 
interbreed in a region of sympatry. They are species retain- 
ing a high degree of genetic compatibility, suggesting 
recent speciation. It is notable that the morphological 
differences between A. planci and A. brevispinus are much 
greater than the morphological variation of A. planci 
throughout its wide Indo-Pacific distribution and between 
A. planci and the eastern Pacific taxon, A. ellisii, which 
is of disputed status", If degree of morphological 
difference within this genus even approximately reflects 
degree of genetic difference, then all populations of A. 
planci and A. ellisii are genetically compatible, These 
suggestions are in accordance with a recent evolution of 
A. planci and dispersal through the Indo-Pacific region. 
It seems more likely that A. planci evolved from an 
ancestor like A. brevispinus than vice versa. A. planci is 
atypical of coral reef asteroids in its large size and often 
conspicuous mode of life. It is more probable that an 
atypical, specialised, coral predator evolved from an 
unspecialised, sand inhabitant than vice versa, In this 
case, development of large sharp spines from the small 
blunt spines of A. brevispinus gave the means of protection 
from the numerous predators which are a particular 
hazard of the habitat and mode of life adopted by 
A. planci. 

This is the first time that asteroid hybrids have been 
reared successfully in the laboratory. The only other 
reported cross fertilisations resulted in abnormal embryos 
or malformed early larvae”. In contrast, there is an 
extensive literature on echinoid hybridisation with crosses 
involving quite divergent taxa”. Although almost no 
echinoid hybrids have been reared beyond plutei, hybrids 
from reciprocal crosses between the sand dollars Dendraster 
excentricus and Encope californicus have been reared to 
young urchins and in these hybrids paternal characters 
predominate’. In A. planci and A. brevispinus hybrids, 
characters of neither parent predominate and the hybrids 
generally show intermediate conditions. 

This study was supported by grants from the Australian 
Advisory Committee on Research into the Crown-of-Thorns 
Starfish. We thank A. Birtles, I. Bock and M. Yamaguchi 
for helpful discussion, N. Milward for collecting A. brevi- 
spinus specimens, and many people, especially A. Fisk, 
for technical assistance. 
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Cultivation of larvae of Japanese eel 


ALTHOUGH the breeding place of the European eel has been 
detected', the morphology and ecology of their larvae, especially 
in pre-leptocephalus stages, still remain to be investigated. We 
have, however, succeeded*~* in obtaining some pre-larvae of the 
Japanese eel, Anguilla japonica, following artificial induction of 
maturation and spawning in aquaria. The larvae survived for only 
6 d: their teeth characteristic of muraenoid larvae were merely in 
the state of anlagen and their eyes were completely devoid of retinal 
pigment. Further information of the early development of the eel 
is therefore required to enable elucidation of their life history. 
Here, we describe the larvae of Japanese eel developing for up to 
14 din the laboratory. 

Silver eels were collected in the Hiranuma and Mabuchi Rivers 
in Aomori prefecture (Japan) in September 1975. Females and 
males were matured with repeated injections of chum salmon 
pituitary homogenate and Synahorin (Teikoku Zoki), respec- 
tively*®. Eggs were stripped from the females, placed into glass 
dishes and inseminated by the dry method with the sperm of 2 or 3 
males. The eggs were kept in seawater at 23 `C until they hatched. 
The larvae were reared at 23 °C on the day of hatching. Sub- 
sequently the larvae were maintained at 19 C. 

The larvae survived for 14d. The following description is based 
on the observation of the larvae from days 7 to 14 after hatching. 
Since larvae of that period of development are very weak and their 
tail is liable to shrink a little during microscopic observations, the 
measured values of body length and the myomere number of larvae 


Fig. 1a, Head of larva, day 9 after hatching, x 25; b, head of larva, 
day l2after hatching, x 22:c,larva,day l4after hatching, x 13.5:d, 
head of larva, day 14 after hatching, x 38.5. 
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Nature Vol. 263 September 30 1976 


may be approximate. On day 7, the mean body length was ~6.2 
mm, and on day 14, ~7.0 mm. The number of myomeres was 
53-54 + 50(pre- + postanal myomeres) 7-10 days after hatching 
and 54 + 55-60 in those 11-14 days after hatching. 

The larvae on day 7 had well developed tooth anlagen on the 
jaws and a large ventriculus cerebri in the brain. A broad 
embryonic fin enveloped the compressed body continuously from 
the posterior region of the head to the caudal margin of the vent. 
There was no trace of pigmentation except in the caudalmost part 
of the membraneous fin. By day 8, some black retinal pigment 
began to appear in both eyes (Fig. la) and after a further 12 h 
pigmentation of the eyes was fully developed. During that time the 
ventriculus cerebri became smaller. These larvae, unlike the earlier 
stages*, were seen to swim in a horizontal position and to rest 
suspended in the water in a head-down attitude. From days 9 to I] 
after hatching, both the upper and lower jaws developed con- 
siderably, and the tooth anlagen came to differentiate into definite 
teeth, which lengthened gradually, one after another. By day 12, 
sharp teeth were observed to protrude obliquely from the jaws 
(Fig. 1b). An oil drop near the cranial end of the yolk sac became 
extremely small. On day 14 after hatching, black pigmentation was 
still seen in the larvae, but only in the eyes and on the caudalmost 
tip of the membraneous fin (Fig. le). A pair of pectoral fins were 
present. The mouth which was directed downwards during the 
foregoing stages took a forward direction. The upper jaw had three 
pairs of shorter teeth in addition to the longest, grasping tooth, 
while the lower jaw had four pairs of teeth (Fig. 1d). The lower jaw 
moved occasionally, but the mouth did not close perfectly. 

The most advanced larvae obtained seem to resemble closely the 
smallest European eel larvae collected by Schmidt’ in the Atlantic 
Ocean. From these findings on both the European and the 
Japanese eel, a clearer outline of the morphological changes of the 
eel during the initial stage of its life cycle has been obtained. 

We thank Professor Emeritus K. Yamamoto, Hokkaido Uni- 
versity, for advice. This work was supported in part by a grant from 
the Japanese Ministry of Education. 
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Genetics of expression of xenotropic 
virus and autoimmunity in NZB mice 


CERTAIN retroviruses (RNA tumour viruses) have been 
implicated in the autoimmune disease of New Zealand mice’. 
These mice produce large numbers of xenotropic retroviruses?** 
and contain high concentrations of the retroviral envelope 
antigen gp 69/71 in their serum and tissues*. Moreover, gp 69/71 
and the corresponding antibodies contribute to the immune 
deposits in the nephritic kidneys of NZB and (NZB x NZW)F, 
micet. Nevertheless, it is not established that xenotropic viruses 
are the primary cause of the autoimmune disease of NZB mice. 
Conceivably, these agents may be involved only secondarily. 
The presence of RNA viruses in NZB mice may explain neither 
the production of antibodies against DNA, nucleoproteins, and 
erythrocyte antigens nor the anomalies of T- and B-lymphocyte 
function’. Transmission of autoimmunity has not been achieved 
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Fig. 1 Xenotropic virus titres in NZB and SWR mice and their 

croses. All parental strains of mice were obtained from Jackson 

Laboratory, Bar Harbor, Maine. Spleen cell suspensions were 

he described previously” and 

assayed on the 81 cell line for xenotropic virus as follows. The 

oy pine BASE Ea been alee A rng 
ted with 


acer ae SA medium without serum (25 pg ml“) for 30 min 
Serial dilutions of spleen cell 
5A medium were inoculated on the 81 


left undisturbed until day 7). On day 7 the medium was 
completely. Fodl were counted ‘on unstained dishes on 
13-14 after infection. Titres are expreseed in this and 
ORR 1, of the number of foci induced per 10’ 

sp In experiments not shown here we found that the 
E E 
to the numbér of virus- spleen cells 
Satellite foci did not occur 


lower dilutions of the virus-prod leen cells. Each circle 

represents an individual animal. @ ; O, female. a, NZB 
1-9 months); b, SWR (2-11 nena: c, (SWR x NZB) KE 
months); d, (NZB x JF, 2 > &, x NZB 


weeks) 
F, x NZB (3-5 months): 


with cell-free filtrates from NZB mice’, nor by transplanting 
NZB lymphomas’ which are known to produce large numbers 
of virus particles’. Only spleen cells from old NZB mice can 
transmit the autoimmune disorder*. Transmission of the 
disease with cell-free extracts is unlikely to succeed because the 
NZB xenotropic virus cannot productively infect mouse cells; 
it can infect only cells of heterologous species*?, Here we deal 
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with the vertical transmission of NZB viral genes as Mendelian 
traits—a phenomenon that has been demonstrated with other 
retroviruses*—to test the hypothesis that the development of 
autoimmunity in NZB mice and thetr crosses is independent of 
the expression of high titres of xenotropic viruses. We have 
found that the high grade expression of infectious xenotropic 
virus characteristic of NZB mice is a genetically determined 
trait. Two independently segregating loci seem to specify the 
NZB phenotype. So far, animals that are virologically like NZB 
have failed to develop signs of autoimmune disease. 

Infectious xenotropic virus was measured by a modification” 
of the test described by Fischinger et a/.'. Spleen cells from the 
test animal were cocultivated on monolayers of the 81 clone of 
the murine sarcoma virustransformed CCC feline cell line 
(provided by Dr Peter Fischinger}!". Xenotropic viruses of 
various origins replicate in the 81 cell line and produce foci 
which are proportional in number to the input of virus-producing 
cells. This quantitative assay detected xenotropic viruses 
produced by cells of different mice, including BALB/c, B10.A, 
C57BL/6, AKR and CS7L (Fig. 2 and unpu observa- 
tions). The assay reflected the virological status of the spleen 
cells on the day they were inoculated on the 81 cell line because 
Mitomycin treatment of NZB spleen ceils just before inocula- 
tion did not reduce the titre of xenotropic virus relative to that 
of untreated NZB spleen cells. Thus, the assay reflected the 
in viyo virological status (phenotype) of the animal, as was 
demonstrated in the case of ecotropic virus-producing strains”. 

Figure 1 shows the expression of xenotropic virus m two 
strains, NZB and SWR.As found by others**, xenotropic 
virus was present in high titres in all the NZB mice (age range 
1-9 months), whereas in none of the 25 SWR mice (2-11 
months) could xenotropic virus be detected. It seems that the 
production of infectious xenotropic virus by SWR mice is either 
‘switched off’ or proceeds at an extremely low rate. Alternatively, 
SWR mice may produce a defective virus. In any case, the 81 
cell line assay clearly distinguished between NZB and SWR 
phenotypes: the former were uniformly positive in high titre 
and the latter uniformly negative. 

Figure 1 also shows that all (SWR x NZB)F;, (NZB x SWR)F; 
and (SWR x NZB)F,xNZB backcross mice expressed high 
titres of xenotropic virus early in life. This indicates inheritance 
of the NZB virus phenotype by a genetic mechanism that is 
dominant, ‘highly penetrant and contributed equally well by 
both sexes. No linkage to the sex of the animal was detected. 
We also tested the expression of infectious xenotropic virus in 
other crosses: (C57BL/6X NZB)F,, (B10.AXNZB)F, and 
(AKR x NZB)F, (Figure 2). In all cases a picture similar to the 
(SWR x NZB)F, cross emerged—dominant, highly penetrant 
expression of the NZB viral phenotype. 

Tests of the first backcross with SWR and the F, generations 
showed clearcut segregation that was independent of the mater- 
nal direction of the cross (Fig. 3). In the SWR backcross 
progeny, the ratio of virus-positive to virus-negative mice was 





Table 1 Autoimmune markers and disease in NZB mice and their crosses with C57BL/6(BS), SWR and B10.A mice 


Strain Ags Direct - 
(months) Coombs’ test 
(B6 x NZB)F, male 6-7 
9 0/9 
(SWR x NZB)F, male e 
0 
(B10.A x NZB)F, male 8 Ola 
female 7 
NZB male . 8-12 6/8 
5 0/7 


Ant-DNA antibody Nephritis 
ative 
0/6 0/6 0/14 
0/14 0/14 0/14 
0/14 4/14* 0/18 

1/8* 0 

0/4 0/4 0/13 
0/7 1/7* 
3/8 8/8** 3/8 
0/7 uy 0/7 
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al.. Percentage binding of denatured DNA in the positive serum 
the NZB mice** it was 14-36% (mean 25%). 


De ee ee Antibodies to native and denatured DNA in the sera of the 
ter 
range 10-18 
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approximately 3:1 (51:18, P > 0.75). This suggests two inde- 
pendently segregating loci either of which gave a positive 
phenotype. According to this interpretation, the virus-negative 
mice were the result of simultaneous homozygosity of recessive 
alleles to these two autosomal genes. Results obtained in the F, 
generation tended to support this interpretation, as a 15:1 ratio 
(54:4, P > 0.9) was obtained. So far, no linkage between coat 
colour and virus expression has been found. Linkage with 
other traits is being sought. 

The quantitative data further support a multiple independent 
gene model because intermediate titres of virus (up to 150 focus- 
forming units (FFU)) were found in some mice of the backcross 
and F, generations. In contrast, all the F, mice expressed high 
titres of virus. The segregation ratios for high :intermediate :neg- 
ative virus phenotype in the backcross and F, mice suggest that 
one of the NZB loci is responsible for high grade virus expression 
when present alone or in association with the other virus- 
inducing locus. Let us call the first locus NZV, and the second 
NZV, for convenience. The ratios suggest that when NZV, is 
present by itself, intermediate expression of virus would result. 
This hypothesis is being tested by crossing intermediate-titred 
mice with each other or with SWR mice to determine if the 
effect is caused by a segregating locus. If this is so, the hypothesis 
of phenotypic mixing between the NZB virus and a presumed 
defective SWR virus to give intermediate titres can be rejected. 
It is also conceivable that the high and intermediate titres are 
the result of two different types of NZB xenotropic viruses. 
This is being analysed. 

The virological patterns in the various F, hybrids were 
quantitatively and qualitatively similar, indicating that no 
major genetic influences inhibited the expression of NZB virus. 
There was a minor effect in that (BIO0.A x NZB)F, hybrids 
tended in genera! to have lower titres than the other two hybrids. 

Although the data fit a two-locus model and are incompatible 
with a single-locus model, we cannot exclude that more than 
two virus-inducing loci are segregating. If there were one locus 
with high penetrance and several other loci with low penetrance, 
the overall segregation ratios might mimic a two-locus pattern. 
Further studies of backcross families will clarify this point. 

We cannot state whether the postulated NZB loci are genetic 
elements of the virus itself or are genes that promote the 
expression of the virus. The distinction between these alterna- 
tives requires the use of genetic markers that distinguish 


Fig. 2 Xenotropic virus titres in C57BL/6, BIO.A and AKR 
mice and their F, hybrids bred by crossing with NZB. @, Male; 
©, female. a, C57BL/6 (8-9 months); b, (CS7BL/6 x NZB)F, 
(6-9 months); c, BIO.A (5-9 months); d, (BIO.A x NZB)F, 
(5-8 months); e, AKR (4-6 months); f, (AKR x NZB)F, (2-7 
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Fig. 3 Xenotropic virus titres in mice of first backcross with 

SWR and the F, generations. All mice were 3-4 months old. 

a: @, SWRx(SWRXNZB)F,; ©, (SWR x NZB)F, xSWR. 
b, (SWR x NZB)F,. 


between subtypes of xenotropic viruses (for example, NZB- 
xenotropic virus, or MuLV-x®, and C57BL/6-xenotropic virus, 
or MuLV-x")!?. It is likely that we are not dealing with either 
the presence or absence of genetic information required for the 
phenotype under study since the low virus strains C57BL/6, 
B10.A and AKR obviously can make xenotropic virus; and the 
SWR mouse, although ‘virus negative’ when tested in the 81 
(cat) and A673 (human)? cell lines, is known to have the p12 
of xenotropic virions in its cells'*. 

Table 1 shows the results of preliminary studies for auto- 
immune disease in NZB mice and their crosses with SWR, 
CS57BL/6 and B10.A mice. Markers of autoimmunity were 
readily detected in NZB mice. In contrast, these abnormalities 
were either absent or infrequent in all of the F, crosses tested, 
although all the animals expressed high titres of xenotropic 
viruses from an early age. These data do not take into account 
the possibility that autoimmune markers or autoimmune disease 
may develop later in the F, hybrids than in the NZB parent. 
This time-dependent phenomenon has been noted by others and 
is a complicating feature of genetic analysis of autoimmunisation 
in NZB mice and their crosses'. Since the material required for 
virological analysis was obtained in all of the mice by biopsy of 
the spleen, these animals are currently being aged and will be 
retested for signs of autoimmunisation at a later time. It will also 
be of interest to note if the virus-negative backcross and F, 
progeny develop autoimmune disease later in life. Such a finding 
would support the hypothesis that the autoimmune abnormali- 
ties of NZB mice are independent of xenotropic viruses. 
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Sex differences in formation 
of anti-T-cell antibodies 


A NATURALLY occurring thymocytotoxic autoantibody (NTA) 
has been found in significant titre early in life in NZB mice’. 
This antibody is present in almost all NZB mice by 3 months of 
age, and is associated with an age-dependent loss of T cells in 
these mice*~*. NTA may be responsible for an initial loss of 
suppressor T cells in NZB mice and thereby contribute to the 
development of autoimmunity. Although other mouse strains 
(NZW, C57BL/6J, AKR/J, BALB/cJ, and 129) may produce 
NTA later in life, the prevalence and titre of NTA is much 
lower than in NZB mice. NTA reacts with brain- and thymus- 
derived cells as well as thymocytes, but not B cells or non- 
lymphoid abdominal organs'~*. In contrast to standard 
anti-8 serum, NTA can combine with both Thy 1.1 (@-AKR) 
and Thy 1.2 (0-C3H)**. Genetic factors have been implicated in 
the development of autoimmunity in New Zealand mice’’®. In 
addition, X-linked immune response genes have been described 
for synthetic? and naturally occurring’ nucleic acids. More- 
over, female hybrids (NZB/NZW) develop a more severe 
disease than males. We therefore undertook the present study 
to determine the contribution of the X chromosome to the 
development of NTA. 

Hybrid mice were produced by crossing NZB/N and DBA/2 
strains. The DBA/2 strain was chosen because of the reported 
lack of warm-reacting NTA at approximately | yr of age®. Since 
the presence of NTA in high titres occurs earlier in the life of 
NZB than in other strains, 12-month-old hybrid mice were 
chosen for study so that differences in the formation of NTA 
would not represent time differences alone, but genetic back- 
ground as well. Because the X chromosome of the NZB strain 
may be important in determining the presence of NTA, we 
wished to rule out a simple hormonal mechanism. To study this 
(DBA/2 x NZB/N) and (NZB/N x DBA/2)F, hybrid virgin 
mice of both sexes were castrated at 5 weeks of aget, with 
littermates left intact. Sera obtained at | yr of age were studied 
for the presence of NTA as described previously, with only 
minor modifications*®. Briefly, thymocytes from 4—6-week-old 
C57BL/6N were incubated with 30 pCi “Cr per 10° cells 
for 30 min at 37 °C. Labelled thymocytes (5 x 10‘) were added 
to 50 pl of serially diluted test serum and incubated for 30 min 
at room temperature followed by 30 min at 4°C. Cells were 


Table 1 NTA at 1 yr of age 


F, hybrid Sex Positive NTA test 
Q 3 Number/total vA 
NZB x DBA 11/20 55 
NZB x DBA g, castrated 9/ 16 56 
NZB x DBA 0/15 0 
NZB x DBA 3, castrated 10/18 56 
DBA x NZB 9 2/8 25 
DBA x NZB Ş, castrated 211 29 
DBA x NZB g 0/6 0 
DBA x NZB 3, castrated 2/7 29 
Parental strain . 
NZB q 10/10 100 
NZB 3 10/10 100 
DBA g 0/8 0 
DBA 3 0/8 0 





415 


spun, washed twice and incubated with 50 pl 1:15 rabbit 
complement (previously absorbed with C57BL/6N thymocytes) 
for 30 min at 37 °C. The suspension was then centrifuged and 
50 ul of supernatant removed and counted. The positive 
control was a pool of NZB sera with known NTA activity; the 
negative control consisted of sera from 1-yr-old female DBA/2 
mice. Maximum ™Cr release was obtained by freeze-thawing, 
and cytotoxicity of complement (C) alone determined. Per- 
centage cytotoxicity was calculated as 


(c.p.m. test serum—c.p.m. C) aac 
(c.p.m. freeze-thaw —c.p.m. C) 


All sera were assayed in duplicate with good reproducibility. 
The cytotoxic titre was the last dilution giving greater than 50% 
51Cr release. A positive titre was at least 1:4. 

Approximately half of the unmanipulated female NZB x DBA 
mice had NTA at 1 yr of age, whereas none of the males was 
positive (Table 1). Castration of the females did not affect the 
percentage positive or the titre of NTA. Castration of the males 
at 5 weeks of age, however, led to NTA formation indistinguish- 
able from that of females (Table 1). 

DBA-mothered F, hybrids had a lower incidence of NTA 
than corresponding NZB-mothered mice. Nevertheless, the 
same pattern of NTA incidence was observed. Hybrid males 
failed to produce NTA unless they were castrated. 

The studies of uncastrated mice demonstrate NTA formation 
in female but not male F, hybrids. Superficially, the results for 
the DBA-mothered F, hybrids might suggest a role for an 
immune response gene carried on the NZB X chromosome, but 
not the DBA X chromosome. This would be in agreement with 
a previous study of the anti-DNA response". According to this 
model, NZB-mothered F, males would receive a ‘responder’ X 
chromosome and produce NTA. We found, however, that 
NZB-mothered F, males failed to produce NTA, indicating a 
mechanism other than an X-linked immune response gene. 
Moreover, the observation that castration abolished the differ- 
ence between hybrid males and females, suggested a sex 
hormonal mechanism. Thus, the lack of NTA in male NZB 
hybrids is due in part to a functional testis; the possibility that 
male sex hormones are responsible is under investigation. It is 
not clear why NZB males develop NTA. They are relatively 
infertile and may have a deficiency in suppressive male sex 
hormones. Alternatively, additional factors (such as a more 
rapid loss of suppressor cells than occurs in NZB/DBA male 
F, hybrids) may operate to make it possible for them to develop 
NTA. In addition, both NZB male and female mice share 
similar severity of disease manifestations unlike the NZB/NZW 
F, model where females clinically have a more severe expression 
of autoimmunity®"!. 

The data reported here provide a possible explanation for the 
female predominance in both murine and human auto- 
immunity. Male sex hormones may inhibit the production of 
certain autoantibodies; therefore, males would be protected 
from the develépment of autoimmunity. The study of such a 
mechanism may lead to a better understanding of autoimmunity 
as well as potential therapeutic intervention. 
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Serum containing endotoxin-induced 
tumour necrosis factor 
substitutes for helper T cells 


WHEREAS immunocompetent precursor B cells recognise anti- 
genic determinants by way of specific surface receptors (an 
interaction which presumably initiates cell division!*), the bind- 
ing of antigen to surface receptors alone does not result in the 
differentiation of B cells to antibody-secreting cells. To accomplish 
this differentiation step a second signal is needed. This signal may 
be provided by T cells in the form of a soluble factor which they 
produce in vitro after contact with antigen*>. Besides T cells, 
activated peritoneal macrophages have also been shown to 
produce a factor which allows B cells from athymic Nu/Nu mice to 
produce antibody against fowl gammaglobulin in vitro. Pro- 
duction of this factor is increased by addition of bacterial 
lipopolysaccharide (LPS) to the culture medium®. LPS itself has 
been shown to provide the second signal (antigen being the first) 
for antibody production by B cells’, but it is not clear whether the 
effect on antigen-reactive B cells is direct, or mediated by other 
cells. We report here that injection of LPS, in certain conditions in 
the mouse, induces the release of factors into the serum which 


enable B cells to produce antibody to heterologous red-cell antigen | 


in vitroin the absence of helper T cells. The factor is released in large 
quantity when LPS is injected into mice that have been primed with 
BCG. It is hardly, if at all, detectable in the serum of mice injected 
with LPS but not pretreated with BCG. Our investigation was 
prompted by the discovery that serum from BCG-infected mice 
given LPS causes acute necrosis of established tumour grafts in 
syngeneic mice (tumour necrosis serum, TNS)”. After partial 
purification, tumour-necrotising activity was shown to reside in a 
glycoprotein fraction (termed tumour necrosis factor, TNF) witha 
molecular weight of about 150,000 that migrates with the «-2- 
globulins’. 

TNS used in the experiments reported here was produced in CD- 
1 Swiss mice. Twenty million living BCG organisms (Trudeau 
Institute, Saranac Lake, New York) were injected intravenously, 
followed by intravenous injection of 25 pg LPS (Difco) at the peak 
of hepatosplenomegaly, usually 2 weeks later. The mice were 
exsanguinated 2h after injection and their serum separated and 
passed through a Millipore filter before use in tissue culture. 

The production of haemolytic antibody by spleen cells from 
BDF, mice was studied in the Mishell-Dutton culture system!® 
Initial experiments showed that the production of antibody to 
sheep red blood cells (SRBCs) by unfractionated spleen cells was 
accelerated and augmented by addition of TNS or TNF to the 
culture medium (Table 1). This led to the question of whether TNF 
acted directly on B cells, or indirectly through macrophages or T 
cells. Experiments with fractionated spleen cells were therefore 
carried out. After removal of macrophages by passage through 
Sephadex G-10 columns’! the spleen cells failed to produce 
‘antibody to SRBCs. Responsiveness was restored by addition of 
5x 1075 M 2-mercaptoethanol (2-ME)'’, but not by addition of 
TNS. In Sephadex-treated cultures supplemented with 2-ME, 
addition of TNS enhanced the generation of antibody-forming 
cells (Fig. 1). As the in vitro response to SRBCs requires the 
participation of helper T cells, experiments were carried out to 
determine the effect of TNS on T-cell-depleted populations. Spleen 
cells which had been depleted of T cells by treatment with anti- 
Thy-1.1 serum and complement (after passage through Sephadex 
G-10 columns) produced only few plaque-forming cells (PFCs) in 
culture; the production of antibody to SRBCs by the macrophage 
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Fig. 1 Restoration of antibody production by macrophage-, and T- 
cell-depleted spleen cell cultures with TNS. PFC response on days 
3(a) and 4(4). Each point is the average of 2 cultures. @, 2-ME not 
added; ©, 2-ME added; A, 2-ME added, T cells removed by 
treatment with anti-Thy-1.1 and rabbit complement; A, 2-ME 
added, cells treated with rabbit complement (control), 


and T-cell-depleted spleen cell population was restored by ad- 
dition of TNS to the culture medium (Fig. 1). 

Figure 2 shows results of experiments with congenitally athymic 
Nu/Nu mice. Since they lack helper T cells, spleen cells from these 
mice do not produce antibody to red blood cells in vitro. Addition 
of TNS to the culture medium permitted a response (of the same 
magnitude as that of spleen cells from littermate Nu/+nnece which. 
do not lack T cells) to the antigen that was used to sensitise the 
cultures (burro red blood cells, BRBCs), but not to an unrelated 
antigen (SRBC). Addition of TNS was effective even if delayed as 
long as 2d (Table 2), and this was also true for TNF. Thus, 
injection of LPS into BCG-infected mice causes release of a factor 
which can substitute for helper T celis in the production of 
antibody to heterologous red-cell antigen in vitro, anactivity which 


Fig. 2 Restoration of antibody production by spleen cells from 
Nu/Nu mice with TNS. Cultures (in MEM + 5% FCS) were 
immunised with BRBC. Anti-BR BC (a) and anti-SRBC PFC (4) were 
assayed on day 4. A, TNS: @, normal mouse serum; Q, serum 
from mice treated with BCG only; 0}, serum from mice treated with 
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Table 1 Effects of TNS on production of antibody to SRBCs ın vitro 


Addition to Anut-SRBC PFCs per culture 

culture* Day 3 Day 4 
None 65 3,900 
TNS 1,850 13,500 
TNF 1,280 10,200 
Normal mouse serum 28 4,000 
LPS serumt 108 6,500 
BCG serum} 78 4,000 


*Final concentration of serum 1 oe TNF 0 [3 mgmlI™! 
from mice given LPS ane 
from mice given BCG only 


resides in the same serum fraction (TNF) as the tumour- 
necrotising activity 

We have already indicated that TNS does not substitute for that 
function of macrophages which can be replaced by 2-ME. We have 
described another function of macrophages, namely, the support 
of antibody formation in vitro by mouse spleen cells which are 
depleted of B cells carrying complement receptors (CR*)'*. CRT 
spleen cells are incapable of cooperating with primed helper cells in 
culture unless macrophages are present. In this context, macro- 
phages cannot be replaced by 2-ME, but they can be replaced by 
culture supernatants of peritoneal macrophages that have been 
activated in vmo by injection of BCG. We have now found that 
TNS induces CR- spleen cells to produce antibody to SRBCs and 
to cooperate with primed helper cells. 

CR- spleen cells were obtained by passage of mouse spleen cells 
through Sephadex G-10 columns coated with complement-reacted 
antigen-antibody complexes. This type of column removes macro- 
phages and CR* Bcells**. As a control, spleen cells were passed 
through uncoated Sephadex G-10 columns, which remove macro- 
phages'!, but not CR* B cells!?. CR- spleen cells from mice 
primed with SRBC were used as a source of pn,ed helper T cells!*. 
One part primed celis (depleted of CR” cells) was mixed with 9 
parts unprimed CR’ cells, the cultures were sensitised with 
trinitrophenyl (TNP)}conjugated SRBCs, and the number of anti- 
TNP PFCs was determined on day 4. As shown ın Fig 3, CR™ 
spleen cells not only generated considerably less anti- TNP PFCs 
than CR® spleen cells, but also failed to cooperate with SRBC- 
pmmed helper T cells. TNS induces CR- spleen cells to produce 
antibody and to cooperate with primed helper T cells in the absence 
of macrophages. We have postulated’? that CR~ B cells must 
differentiate into CR * B cells to carry out this function. This step in 
B-cell differentiation may be induced by macrophages when they 
are activated as, for example, after injection of BCG or by 
activated helper T cells'*. As we will report elsewhere, TNF 
induces differentiation of CR- B cells to CR* B cells ın vitro (M.H. 
and U Hammerling, unpublished). 

The cellular ongin of TNF is not as yet known. For various 


Table2 Substitution of T-cell helper function b yan simultaneous as well as 


delayed addition of TNS or 
Anti-SRBC PFCs 
Additions per culture on day 4 
(addition on (addition on 
day 0 day 2) 
None <5 
TNS 170 390 
TNF 230 310 


Cultures of spleen cells of Nu/Nu mice were immunised with SRBCs on 
day 0 and assayed for ant-SRBC PFCs on day 4 TNS 1%, or TNF 
0 13 mgml™, were added as indicated on day 0 or day 2. Each value is the 
average of 3 cultures. 
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Fig.3 Induction of antibody production ın culfures of CR™ spleen 

cells by TNS. Spleen cells were passed through Sephadex G-10 

columns coated with complement-reacted antigen-antibody com- 

plexes (CR™ i tar cells, hatched bars) or uncoated Sephadex G-10 

columns (CR” spleen cells, open bars) TNS was added at 1% final 

concentration As source of macrophages (Mẹ), 5 x 10* peritoneal 
cells were added to the cultures. Average of 2 cultures 


reasons, macrophages have been considered a likely source®?, The 
most striking phenomenon which occurs during the pnming phase 
for TNF production is proliferation and activation of macro- 
phages. Moreover, activated macrophages orculture supernatants 
of activated macrophages have been reported to possess activities 
that are similar to those of TNF. Like TNF they induce antibody 
formation in cultures of spleen cells from Nu/Nu mice, particularly 
after exposure to LPS. In addition, macrophages exposed to LPS 
become cytotoxic for transformed target cells in tssue cul- 
ture!*16, and TNF shares this property? Some effects of TNF, on 
the other hand, mimic effects of factors assumed to be derived from 
T cells. As these T-cell factors have been reported to react with 
antisera directed against Ia and £2 microglobulin®, use of such 
antisera may be useful for further definition of TNF. Until TNF 
has been fully characterised, however, it would be premature to 
ascribe the immunological effects reported here to the anti-tumour 
factor 
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Dissociation of alcohol 


tolerance and dependence 


CHRONIC. intoxication with ethanol has been shown to result in 
tolerance to and physical dependence on this drug?’*. In general, 
the development of tolerance and physical dependence during 
intake of addictive compounds have been looked on as in- 
exorably linked phenomena produced by a common bio- 
chemical? or physiological* mechanism. This was supported by 
the studies of Way et alë who demonstrated a simultaneous 
development and disappearance of tolerance and physical 
dependence after morphine pellet implantation in mice. We 
were interested in the possible application of the same theor- 
etical framework to the development of tolerance to and 
physical dependence on ethanol. Previous work*’ demon- 
strating changes in noradrenergic systems in brain after chronic 
treatment led us to study the effect of 6-hydroxydopamine 
(6-OHDA) pretreatment on the development of tolerance to and 
physical dependence on ethanol. 

In our studies, one group of C57BL/6 male mice was in- 
jected intracerebroventricularly’ with 6-OHDA (50 ug in 
10 ul artificial cerebrospinal! fluid (CSF)® containing 5 mg ml ~? 
ascorbate), a second group of mice was injected with only the 
artificial CSF with ascorbate, and a third group of animals 
received artificial CSF containing no ascorbate. Since the 
presence of ascorbate in the artificial CSF had no effect on any 
of the parameters discussed below, all reported comparisons 
were between groups of animals injected with the CSF con- 
taining ascorbate and those injected with CSF, ascorbate and 
6-OHDA. Brain levels of dopamine", noradrenaline! and 
5-hydroxytryptamine (5-HT)!! were determined in aliquots of 
two pooled brains*:!* seven days after the intracerebroven- 
tricular injection and then again after chronic ethanol treat- 
ment. These levels were 6.47-+0.87, 1.47-+-0.29 and 3.24-- 
0.48 nmol per g brain, respectively for the animals injected 
with 6-OHDA and 8.88-+1.60, 3.264-0.46 and 3.44+0.29 
nmol per g brain, respectively for those injected with artificial 
CSF. The levels of these neurotransmitters were not significantly 
altered by the chronic ethanol treatment described below, 

A week after the injection, mice were placed in individual 
cages and offered a liquid diet consisting of Carnation Slender, 
sucrose (100 g It) and Vitamin Diet Fortification Mixture 
(ICN Pharmaceuticals) (3 g 1-1) as their only food source. 
Twenty-four hours after being placed on the liquid diet, mice 
were divided into four groups: 

Group |: animals injected with artificial CSF. This group 
continued to receive the sucrose-containing diet throughout 
the period when the other animals (groups 3 and 4) received 
ethanol. 

Group 2: mice injected with 6-OHDA and continued on the 
diet containing sucrose as were those in group 1. 

Group 3: mice injected with artificial CSF. These mice were 
fed a diet in which the sucrose was substituted with 7°% v/v 
ethanol. 

Group 4: mice injected with 6-OHDA and fed the diet 
containing the 7% v/v ethanol as were those in group 3. 
Animals were maintained on their respective diets for seven 
full days, and on the morning of day 8, all animals again 
received the diet containing sucrose (withdrawal). During the 
period that mice received ethanol, body weight, behavioural 
intoxication, body (rectal) temperature, quantity of diet con- 
sumed and blood ethanol levels!* were monitored daily. The 
quantity of diet given to the mice consuming the sucrose- 
containing mixture was made equal to the amount of ethanol- 
containing diet consumed by the animals in groups 3 and 4. 

No differences were found in the daily amounts of diet con- 
sumed or blood ethanol levels during the chronic treatment 
with ethanol between animals in group 3 compared with those 
in group 4 (t test, P > 0.25). Behavioural intoxication scores™ 
were also not significantly different between these two groups 


Nature Vol. 263 September 30 1976 


of animals. Body temperature was, however, found to be lower 
in animals of group 4 compared with those of group 3 (t test, 
P < 0.05) during the last two days on the ethanol diet. A 
more complete description of the animals during the period of 
chronic ethanol intake will appear elsewhere (Ritzmann and 
Tabakoff, in preparation). 

After withdrawal from ethanol, animals were observed over a 
12-h period: six 1-h periods of observation alternating with l-h 
periods during which no observation took place. During the 
observation periods, body temperature was measured and 
behavioural signs of withdrawal were noted. Withdrawal signs 
were scored as follows: 0 = no withdrawal symptoms; 1 = 
characteristic tremors and spasms when mice are lifted by the 
tail; 2 = spontaneous tremors and spasms; 3 <= spontaneous 
seizures (clonic and/or tonic)"; and 4 = death. 

The behavioural withdrawal scores and measures of the 
concomitant hypothermia’ are summarised in Table 1. No 
significant differences (see legend to Table i) in either the 
severity of the hypothermia or the behavioural manifestations 
of withdrawal were evident when animals from groups 3 and 4 
were compared. Animals receiving the sucrose-containing 
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Fig. 1 Body temperature and sleep time after ethanol. Mice 
were injected intraperitoneally with ethanol (3, 4 and 5 g kg) 
26 h after withdrawal, and sleep time (a) and body temperature 
(b) were monitored. Since no differences in these parameters or 
blood ethanol levels were found between animals in groups. 
l and 2, the values obtained with these animals were pooled and 
are labelled “control.” Sleep time represents the time from loss 
of righting reflex to the time the mouse could right itself twice 
in 30 s. The bars represent the mean-t-s.d., and the number 
within each bar is the number of animals used for the deter- 
mination. Rectal temperature was monitored at 15- and 30-min 
intervals for 3 h after ethanol injection. The bars represent the 
tures recorded during this period. The nadir for the 3 and 4 g kg™ 
dose occurred at 30 min and for the 5 g kg™ dose at 60 min after 
injection, Comparison between groups at each dose was made 
using the z test as well as the Mann-Whitney U test. *Groups 
significantly different from each of the other groups (P < 0.05) 
at a particular dose; other groups were not significantly (P > 0.2) 
different from one another. 
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MUNPANGAT a 
Table 1 Hypothermia and withdrawal symptoms in mice 





Behavioural ; 
withdrawal Time after withdrawal (h) 
score 0 2 4 6 8 10 
Group 3: 
0 36.2+-0.4 36.404 6 36.140.1 ~— 36.9 40.2 36.9 4-0.4 
(n = 10) (n = (n = 2) ak (n = 4) (a = Hi) 
1 — 35.0 35.1+0.7 35.8+0.6 35.9+0.6 36.0 
= (n= 1) {n = 6) (n = 6) (n = 6) (n = I) 
2 34.0 34.2 34.6+0.3 34.2+0.7 35.7-+0.1 — 
(n = 1) (n= 1) {n = 4) (n == 6) (n = 2) oe 
3 33.0 33.5 = = a= oe 
(n= 1) (n= 1) si = ne 
4 eu an es = sat A 
Group 4: _ 
0 35.3+0.4 36.5+0.5 36.4 36.4 36.9-+0.1 36.6+-0.5 
(n = 12) (n = 11) ( zz J) (n = (n = 8 
i — 35.8 35.1 4-0.7 35.54-0.5 36.3+0.9 35.8+1,.2 
e (n = 1) ( (n = 5) (n = 4) (n = 
2 — — 34.3 +0.6 34.4 -4-0.4 35.1 40.9 mmn 
a — (n = 4) (n = 4) {n = $) a 
3 m — _ 34.8 _ — 
oe ae sel (n= 1) Sees Ane 
4 z ee a a at 


(n= 1) — — = 


Ethanol was removed from the diet of mice after 7 d of chronic consumption, and behaviour and body temperature were monitored. Mice 
receiving similar withdrawal severity scores at the various times of testing were grouped and the mean -+ s.d. of the body temperature for each 
such group was determined and noted in the table. n represents both the number of animals exhibiting the particular withdrawal symptoms 
at the time of testing and the number of animals used to determine the mean temperature for the group. Hypothermia occurring in groups 3 
and 4 was compared, after pooling the temperature values at each time point, using Student’s f test. To assess whether or not behavioural 
withdrawal scores were different between groups 3 and 4, mice were subdivided as those receiving a score of 0 or 1 and those receiving a score 
of 2 or higher at each time point. Statistical analysis was performed using the Fischer Exact Probability test. No statistically significant differences 
were found between the body temperatures or withdrawal scores of groups 3 and 4. 


control diet (groups 1 and 2) demonstrated none of the with- 
drawal symptoms. In separate experiments withdrawal hyper- 
excitability was assessed by injecting animals with penty- 
lenetetrazol (60 mg kg, intraperitoneally) and monitoring 
the incidence of convulsive seizures and death occurring within 
a 30-min period following such injection'®, Pentylenetetrazol 
was administered to animals between 6 and 7 h after withdrawal 
of ethanol. 

Animals which had been withdrawn from the ethanol- 
containing diets were significantly (binomial test; P in all 
cases < 0.025) more susceptible to pentylenetetrazol-induced 
convulsions than  sucrose-fed controls. No statistically 
significant differences (P > 0.3) in severity or frequency of 
pentylenetetrazol-induced seizures were, however, noted when 
comparing animals of group 3 with those of group 4. Eight 
animals from each of the four groups were tested, and the 
number of animals exhibiting clonic or tonic convulsions or 
dying in seizures after treatment with pentylenetetrazol in 
group 1 was two; in group 2, two; in group 3, six, and in group 
4, seven. 

Twenty-six hours after withdrawal, when all overt signs of the 
withdrawal syndrome were no longer present, mice were 
injected intraperitoneally with ethanol and “sleep time’’!® 
and rectal temperature were monitored. Mice previously 
injected with pentylenetetrazol were not used in these studies. 

Animals of group 3 were found to be tolerant to the effects of 
ethanol by measures of both rectal temperature and “sleep 
time” (Fig. 1). On the other hand, pretreatment of the animals 
with 6-OHDA before the chronic ethanol treatment (group 4) 
resulted in a block in development of tolerance to the measured 
effects of ethanol (Fig. 1). No significant differences in blood 
ethanol levels during the time that behavioural and physiolo- 
gical parameters were being measured were evident between 
any of the groups after injection of ethanol (3 g kg’). 

Thus, animals treated with 6-OHDA and force fed a diet 
containing ethanol were found to become physically dependent 
on ethanol (as demonstrated by the appearance of withdrawal 
symptoms), but did not become tolerant to two of the major 
physiological effects of ethanol administration, that is, hypo- 
thermia and sedation. 

Administration of 6-OHDA has been shown to result in the 


destruction of catecholamine-containing neuronal terminals, 
Such destruction of the functional connections between the 
noradrenergic neurones and other brain neurones seems to 
prevent the necessary alterations in neural cybernetics which 
produce tolerance after chronic ethanol treatment. Although 
the injections of 6-OHDA did not produce a statistically 
significant (t= 1.87, d.f. = 6) decrease in the levels of dopa 
mine in our mice, the levels were substantially altered. Thus, we 
do not feel that the block in the development of tolerance can at 
present be totally ascribed to the destruction of only the nora- 
drenergic systems. 

The dissociation of tolerance and physical dependence 
witnessed in the present study provides an important con- 
ceptual framework within which the neurological effects of 
ethanol should be viewed. Seevers and Woods* and Kissin” 
suggested previously that tolerance and physical dependence 
may not necessarily be unitary phenomena, and our studies 
demonstrate that certain manifestations of tolerance to ethanol 
may be eliminated without affecting the development of 
physical dependence produced by this drug. 
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Progressive glomerulonephritis in mice 
treated with interferon preparations at birth 


In addition to the well known antiviral action’ interferon 
preparations exert various biological effects on cells (for 
references see refs 2 and 3). While investigating the effect of 
interferon on the growth and development of newborn mice, 
we found that daily injection of potent mouse interferon 
preparations resulted in extensive liver cell degeneration 
and death between days 8 and 14 (ref. 4). When interferon 
treatment, begun at birth, was stopped between days 6 
and 8 of life, liver cell damage appeared to be reversible and 
most mice recovered. In the ensuing months, several of 
these mice died and although the liver and other organs 
appeared normal, the kidneys were pale and the surface was 
granular. Histological examination revealed a severe 
giomerulonephritis. We report here an investigation of this 
phenomenon. 
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Newborn Swiss (and in one experiment C3H mice) from 
specific pathogen-free colonies were injected subcutaneously 
in the interscapular region with 0.05 ml of mouse interferon 
or the different control preparations daily from day 0 to days 
6-8, at which time treatment was stopped. When interferon- 
treated mice were killed on day 8, histological sections of 
liver showed focal cellular necrosis, as reported before’, 
but the kidneys appeared normal. Nevertheless, Swiss mice 
began to die with renal lesions as early as day 35. 
Autopsy of some mice dying with kidney disease showed 
signs suggestive of cardiac failure, that is enlarged heart, 
and haemorrhagic and oedematous lungs. 

Mice were killed at regular intervals, and sections of 
organs were examined under light microscopy. In all cases, 
the kidneys of Swiss mice treated with interferon at birth 
showed glomerulonephritis (Table 1) whereas the liver 
appeared normal. The kidney pathology can be summarised 
as follows. In “early” lesions (Swiss mice killed on the 20th 
day of life, Table 1) the glomeruli appeared moderately 
enlarged with some thickening of the mesangium, some 
segmental foci of mesangial proliferation and some thick- 
ening of peripheral capillary loops. There were no tubulo- 
interstitial lesions except for a few mononuclear cells. 
The vessels appeared normal. By immunofluorescence 
there were focal and segmental granular deposits of IgG, 
IgM and C3 in the mesangial spaces and along some 
glomerular basement membranes (GBM). Fibrinogen and 
IgA were not detected. In Swiss mice killed after 31 d, the 
lesions were more conspicuous with hyalinisation of 
glomerular tufts (with epithelial crescents and voluminous 
subendothelial deposits) (Fig. 1a). In well advanced disease, 
virtually all glomeruli were sclerotic. Amyloid was not 
detected. The tubulo-interstitial lesions paralleled the 
glomerular damage, showing extensive sclerosis, and 
diffuse atrophy of tubules with dilated lumina filled with 
hyalin and proteinaceous casts (Fig. 15). By immuno- 





Table £ Appearance of glomerulonephritis in mice treated for 6-8 d from birth with mouse interferon preparations 





No. of 


Age of mice Mouse* 
Strain of mouse experiments killed (d) interferon 
20 4/4 &(1.2) 
31--35 10/10 (1.9) 
45-60 7/7 8.3) 
l 67-82 12/12 (3.3) 
Swiss 9 85-100 8/8 (3.4) 
102-124 10/10 (2.8) 
143-185 9/9 (2.4) 
198-274 

Total 60/60 
C3H 1 43-55 8/8 (2.0) 
104-132 5/9 (0.6) 

Total 13/17 


Control Inactivatedt Humant 
preparation mouse interferon interferon Uninoculated 
0/2 
0/3 0/3 0/3 0/5 
0/9 0/7 
0/2 0/4 0/4 0/5 
0/1 0/5 
0/8 0/5 0/5 0/11 
0/5 0/6 1/64 0/7 
0/22 2/231 
0/50 0/18 1/18 2/65 
0/5 
0/8 
0/13 





Mouse interferon was prepared from Swiss mouse C-243 cells induced with Newcastle disease virus (NDV), and concentrated, partially 
purified and assayed as decribed before’. Mock interferon was prepared in a manner identical to that used in the preparation of interferon 
with the exception that the interferon inducer, NDV, was either omitted, or added for 1 himmediately before collection of the culture supernatant. 
All interferon and control preparations were dialysed further for 24 h at 4 °C against 0.01 M perchloric acid before testing for toxicity on a 
line of L 1210 cells resistant to interferon’. The specific activity of mouse C-243 cell interferon preparations was in the range 0.7-3.0 x 10° U 
per mg protein. In one experiment mice were treated with a more purified C-243 interferon preparation (1.9 x 10’ interferon reference U per 
mg protein) (purified by affinity chromatography using sheep anti-mouse interferon globulins). C-243 cell control preparations contained 
approximately the same amount of protein per ml as the C-243 cell interferon (that is 1.5-3.4 mg ml~). Partially purified human interferon 
(specific activity 3.5 x 10° U per mg of protein) prepared in leukocyte suspensions inoculated with Sendai virus was provided by Dr K. Cantell’. 
Mouse interferon units quoted are as measured in our laboratory and one of our units equals 4 mouse interferon reference units. 

* A different mouse C-243 cell interferon preparation (titre 1:800,000 to 1: 1,600,000) was used in each experiment. Only mice having been 
injected daily from birth to days 6 to 8 of life are included. 

+ Mouse C-243 interferon with a titre of 1:800,000 was heated at 60 °C for 2 h at pH 10. Residual titre was 1:20. 

t Titre of human leukocyte interferon was 1 :1,000,000 (MRC reference interferon 69/19 U) as assayed on human diploid fibroblasts. 

§ No. of mice with histological confirmation of glomerulonephritis per total number of mice killed. Each kidney was examined by light 
microscopy and the severity of lesions was graded on a scale from 0 to 4. In all cases there was little variation in the extent of lesions within 
a given series and the figures in brackets indicate the mean index of severity of kidney lesions for each series. 

© The kidney of one mouse showed glomerulonephritis grade 2. 

li The kidneys of two mice showed glomerulonephritis grade 1. 
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Fig. 1 Kidneys of Swiss mice treated with mouse interferon for 
the first 7-8 d of life. a, Mouse killed at 100 d. Note mild 
glomerular proliferation and hyalinisation of glomerular tufts. 
Tubular epithelium appears flattened with dilatation of lumina. 
There are a few inflammatory cells in the interstitium ( x 250). 
b, Mouse killed at 60 d. Note extensive sclerosis of interstitial 
tissue (with cellular infiltration) with pronounced atrophy of 
tubules and sclerotic glomeruli ( x 100). c, Mouse killed at 85 d. 
Stained with fluoresceinated anti-mouse IgG serum. Note 
coarse granular deposits along GBM ( x 540). d, Stained with 
fluoresceinated anti-mouse C3 serum. Note deposits of C3 
along GBM. The deposits of C3 along the tubular basement 


fluorescence there were granular coarse deposits of IgG, 
IgM and C3 along the GBM (Fig. Ic and d). Fibrinogen 
was detected in crescents. IgA was not detected. 

The results of our experiments can be summarised as 
follows. (1) In nine experiments, all Swiss (60 out of 60) 
mice treated with potent interferon preparations for the 
first 6-8 d of life developed severe glomerulonephritis early 
in life (Table 1). Only one out of 86 mice treated with the 
various control preparations and two out of 65 untreated 
mice developed a moderate glomerulonephritis and this 
occurred only in mice kept for more than 143 d (Table 1). 
(The finding of glomerulonephritis in some ageing Swiss 
mice is in accord with the results of Oldstone and Dixon 
who reported a “mild nephritis seen in 7% of SWR/J 
control mice by 9 months’”.) 

(2) Glomerulonephritis developed only in mice inoculated 
with enough interferon and for a sufficient time. Thus, only 
mice inoculated with interferon preparations titering 
approximately 1: 10° for 6-8 d developed glomerulone- 
phritis. Mice injected for 8 d with interferon preparations of 
lower titre, that is 1: 10° (23 mice), or 1: 10* (18 mice), 
showed no signs of glomerulonephritis when killed at 85, 
140 and 198 d. In addition, injection of potent interferon 
preparations (1: 10°) did not result in glomerulonephritis 
when injected for only the first 2 d of life (20 mice killed at 
85, 140 and 198 d). 

(3) Interferon treatment resulted in glomerulonephritis 
only when administered during the first week of life. Thus. 


membrane have no pathological significance as they are also 
present in control mice (400). Renal tissue was fixed in 
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Dubosq-—Brazil fixative (alcoholic Bouin) for 2 d and then in 
4% formalin in saline, and cut at 3 um. The following stains 
were used systematically: Mallory’s trichromic, periodic acid- 
Schiff, haematoxylin and eosin, Weigert’s fuchsin, Wilder's 
reticulin and crystal violet. Immunofluorescence was done on 
snap-frozen specimens cut in a cryostat. Rabbit anti-mouse 
IgG, IgA, IgM, C3 and fibrinogen sera were obtained from 
Cappell Laboratories. The specificity of each antiserum was 
checked by immunoelectrophoresis. All magnifications are 
original magnifications 


none of nine mice inoculated between the 8th and 15th d of 
life with an interferon preparation titering | : 10° showed 
glomerulonephritis when killed at day 59. (4) Male and 
female mice seemed to be equally susceptible as judged by 
the severity of disease and the incidence of death 

(5) The progression of the disease in Swiss mice was ob- 
served by killing mice at intervals and by following the 
progression of lesions in the same mouse after unilateral 
nephrectomy. Kidney lesions were minimal at weeks, 
definite at 1 month and considerably more advanced in the 
ensuing weeks. (Table 1: note figures in brackets indicating 
mean index of severity of kidney lesions graded on a scale 
from 0 to 4). A kidney from each of two interferon-treated 
mice was removed on day 31 and the mice were killed 
on day 45 and 60. In both cases a progression of lesions in 
the remaining kidney was observed. (Unilateral neph- 
rectomy in control mice did not cause glomerulonephritis 
in the contralateral kidney.) Since a number of interferon- 
treated mice died (probably of renal failure) after 4 weeks 
of life, it is possible that the apparent decrease in the 
severity of kidney lesions in mice older than 102 d (Table 1) 
reflects the selection of surviving mice with less severe 
disease rather than a reversibility of the pathological pro- 
cess. 

(6) Although glomerulonephritis also developed in C3H 
mice treated from birth for 6-8 d with mouse interferon 
preparations titering 1 : 10° (according to the protocol used 
for Swiss mice) (Table 1), the glomerular lesions appeared 
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to be less severe than in Swiss mice at the same age, and 
deaths were not observed. Kidneys of eight out of eight 
C3H mice killed at 43-55d showed moderate glomerulo- 
nephritis (Table 1). At 104-132 d, although glomerular 
lesions were present in six out of nine mice, these were less 
marked than in mice killed earlier. Furthermore, a kidney 
biopsy, at 45 d, of an interferon-treated C3H mouse showed 
moderate disease, whereas only minimal lesions were 
present when this mouse was killed at 104d. Thus the 
glomerulonephritis in C3H mice is not only less severe than 
in Swiss mice, but may be reversible. (It is interesting in this 
regard that C3H mice developed a less severe glomerulo- 
nephritis than SWR/J mice when infected transplacentally 
or neonatally with lymphocytic choriomeningitis virus*.) 
Because there was a lapse of several weeks between ces- 
sation of interferon treatment (days 6-8) and the appearance 
of glomerulonephritis (day 20), and as interferon is cleared 
rapidly from the circulation“, it seems unlikely that the 
development of progressive nephritis was due to a local 
retention of interferon. It is possible, however, that inter- 
feron damaged the kidney during the first week of life 
directly, or indirectly perhaps through its toxic effect on 
the livert™, Alternatively, this treatment might have altered 
the maturation of the kidney or some other organ(s), such 
as the spleen‘, leading ultimately to the development of 
glomerulonephritis. 
The rapidity of onset of the glomerulonephritis and the 
histological lesions themselves do not permit ready classi- 
fication in terms of pathogenesis”. The absence of linear 
deposits of Ig argues against the hypothesis of an anti- 
GBM glomerulonephritis and anti-GBM antibodies were not 
present in the sera of sick mice tested by indirect immuno- 
fluorescence. The granular pattern of the Ig and C3 deposits 
seem to favour the hypothesis of an immune complex 
nephritis, although we have no idea about the nature of a 
hypothetical antigen. We have never detected neutralising 
antibody to interferon in either the serum or y-globulin- 
containing eluates of the kidneys of interferon-treated mice 
{neither was interferon itself present in these eluates), nor 
is there any evidence to suggest that interferon treatment 
during the first week of life activates a latent virus‘. Anti- 
DNA antibodies were also not detected in the serum of 
sick mice. 
Several chronic virus infections in animals can result in 
the late development of nephritis which is associated with 
the progressive deposition of virus—antibody complexes in 
the glomerulus’’””. Perhaps some of these viruses induce 
interferon in the neonatal period, contributing to the 
further development of glomerulonephritis. Furthermore, 
if our results in mice can be extrapolated to man, they 
suggest that an acute virus infection of the human new- 
born, if associated with the production of sufficient inter- 
feron, might result later in life in the development of a 
progressive glomerulonephritis. 
We thank Mrs J. Buywid, M. T. Bandu, Miss J. Begon- 
Lours and Miss C. Adam for technical assistance. This 
work was aided in part by a grant from the Foundation Del 
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Postponement of symptoms of hereditary 
muscular dystrophy in chickens 
by 5-hydroxytryptamine antagonists 


THe commoner forms of muscular dystrophy, both in man 
and in animals, are determined by a single gene change, 
but the mechanism whereby the complex set of symptoms 
develops is unknown. Chickens homozygous for muscular 
dystrophy have been bred, and form probably the closest 
animal model for the human disease so far investigated’. 
Dystrophic line 304 of the Davis (California) flock, for 
example, has been bred for rapid appearance of the symp- 
toms and shows some signs of muscle weakness at 7-10 d 
ex ovo, whereas a normal line (200) of chickens with 
closely related genetic background is also available’’?. Two 
of us have reviewed? evidence that 4S-hydroxytryptamine 
(5-HT) is involved in some way in the development of the 
symptoms of muscular dystrophy, and reported that adminis- 
tration of a 5-HT antagonist, methysergide, retards the 
development of the symptoms in line 304 chickens. We 
report here that this effect is more general, in that a second 
anti-serotoninergic drug of entirely different chemical struc- 


Fig. 1 Mean FN (O) and plasma CPK level! (@) for untreated 

dystrophic chickens, as a function of age (50-82 animals were 

used per point). The horizontal line shows the constant FN for 
the normal chickens from day 10 onwards. 
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Fig. 2 Percentage of the untreated dystrophic population (50-82 
animals per point) giving FN = 0 (@), and the corresponding 
plasma CPK level (O). 


ture, cyproheptadine, is also effective, and that a combina- 
tion of the two agents is beneficial. 

We first established that the development of measureable 
symptoms in line 304 dystrophic chickens is regular enough 
for any drug-induced improvement to be reliably detected. 
A test’*” of muscle weakness in dystrophic chickens was 
used in the form of the ‘flip number’ (FN)—that is, the 
number of times (0-5 out of 5) a bird can right itself when 
placed on its back five times in immediate succession. The 
considerable increase in the creatine phosphokinase (CPK) 
content of the blood plasma, known to characterise this 
disease in the chicken*’® and in man’, was used as a second 
criterion of muscle damage. Using a total population of 
150 dystrophic chickens (line 304, Department of Avian 
Sciences, University of California, Davis) maintained in 
groups from different hatches over a 2-yr period, these two 
parameters were followed from hatching for 80d. Chickens 
were maintained in constant conditions (temperature 30- 
33 °C, 12 h light/dark cycle), and the flip test was given in 
a precisely standardised manner by a naive observer, at 5-d 
intervals to avoid an exercise component. CPK testing was 
carried out in a completely blind fashion on coded sera in 
another laboratory. Newly hatched chicks of the normal line 
do not develop sufficient muscle strength to give FN=5/5 
until 7-10 d of age and show high variability until then, but 
thereafter are constant, all at 5/5 (Fig. 1). The dystrophic 
chicks improve partially until about 3 weeks of age, and 
thereafter show a sharp decline to low scores, eventually 
zero. The plasma CPK level increases by about 400% 
throughout the latter period (Fig. 1). We have found that a 
very good correlation between the muscle weakness and 
release of CPK from the muscle can be demonstrated (Fig. 
2) using as the measure of the former the FN, value—that 
is, the percentage of the dystrophic population that fails 
totally (having FN=0/5). 

With this baseline for comparison, birds injected? (twice 





Table 1 FN differences in treated and untreated chickens 





Days ex ovo 

10-13 41-44 56-60 
Untreated 2.34+0.3 (57) 1.24+0.2 (56) 0.3+0.2 (56) 
Methysergide 3.340.615) 5.0+0.0(11)* 4040.7 (10)* 

[12.5] [41] [51] 
Cyproheptadine 3.0-0.4 (9) 4.8 4-0.2 (9)*  1.7+0.8 (9)** 
Methysergide -+ 

cyproheptadine 5.0+0.0 (27)* 4.64-0.1 (27)* 





Values represent mean FN-+s.e.m. for dystrophic chickens, with 
the number of animals used in parentheses. For the progressive 
dosages of cyproheptadine (medium dose) and the combination, 
see Fig. 3; for methysergide the dose level at each period is given in 
square brackets (in mg kg™ d~’). Significance (using z test) from 
untreated dystrophic group: *P < 0.001; **P < 0.01. 
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daily, intraperitoneally) with cyproheptadine hydrochloride 
(Periactin, donated by Merck, Sharp and Dohme, Rahway, 
New Jersey) from day 3 ex ovo, were tested. Untreated 
animals were given water injections similarly throughout. 
At a low dose regime (for the chicken), substantial improve- 
ment in the FN value was shown (Fig. 3). A medium level 
dose (12 mg kg d`’) extended the later period of this. 
effect, but the performance still declined sharply after day 
55. The latter decline was further postponed by a combina- 
tion of higher doses of cyproheptadine and methysergide 
(Fig. 3). For the latter case, all the treated animals remained 
at a passing level (FN =4-5) up to day 60, whereas all of 
the untreated birds were below this level from about day 
30. Similarly, the FN, values for animals treated with cypro- 
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Fig. 3 Mean FN of cyproheptadine-treated or untreated (@), 
(see Fig. 1) dystrophic chickens. Low dosage regime (A, n = 12) 
was 2.4 mg kg™ d=! at days 3-16, 6.0 at days 17-43 and 8.0 
at day 44 onwards. Medium dosage (O), n = 9) was 12.0 mg 
kg~'d~! from day 3 onwards. A combined treatment (©, a = 27) 
was also given, with cyproheptadine at 8.0 mg kg d at 
days 3-10, 12 at days 11-30, 17.5 at days 31-52, and 23 at day 53 
onwards, plus methysergide at 12.5 mg kg d~t at days 3-15, 
20 at days 10-30, 41 at days 31-45, and 52 at day 45 onwards. 


heptadine or with the combination showed a pronounced 
difference from the untreated dystrophics (Fig. 4). 

Using the criterion of CPK release, cyproheptadine- 
treated animals also showed a smaller change than the 
untreated birds (Fig. 5). The tendency to stabilise at a 
plateau of about 2,500mU CPK per mi plasma in the 
treated birds, compared with about 8,500 in the untreated 
birds, is seen more clearly for the treatment with the two 
drugs combined. 

Statistical data for points where divergences were 
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Fig. 5 Plasma CPK content of dystrophic chickens, untreated 

(broken lme, mean of 18 birds per point), or treated with 

heptadine (with FN = 5; @, a GEO oes cola or with both 

drugs (with FN = 5; D, mean of 9 per point ©, Normal 
chickens (mean of 14 per po t 


apparent are illustrated in Table 1. Standard errors typical 
of the CPK determinations have been given elsewhere’. 
For all cases a highly significant difference was found 
between the untreated and the treated groups, with cypro- 
heptadine over days 30-55, and with the combination of 
drugs from day 30 to the end of the study. 

The two drugs used are already administered chronically 
in man for other conditions. In the mouse’ LD for toxicity 
of cyproheptadine given intraperitoneally is 55 mekg™. In 
the chicken, it seems to be of still lower toxicity, perhaps 
denoting a more rapid removal or metabolism, since we 
have been unable to observe toxic symptoms at higher doses 
than that. We will report elsewhere more details of the 
conduct of the therapeutic trials, of histological evidence 
that parallels the other criteria, and of the lack of any 
effect in the dystrophic birds of these drug treatments on 
plasma enzymes unrelated to muscle disease. 

There has been a jong standing debate on the possibility 
of a change in blood circulation or of anoxia as a com- 
ponent in dystrophy (see refs 10 and 11). Our results may 
be attributable to antagonism of a 5-HT-induced effect on 
the microvasculature of dystrophic muscle, if- such a. com- 
ponent is indeed significant in inherited dystrophy; but that 
assumption is not as yet justified since the amelioration 
could, aHernatively, arise by antagonism of an action of 
5HT elsewhere—for example, directly on the muscle’. In 
either case, the results suggest that an investigation in these 
chickens of a range of 5SHT antagonists could be of 
therapeutic interest, and they may provide a clue to one of 
the determinants of the dystrophic process. ` 

M.S.H. thanks the Muscular Dystrophy Association of 
America for a Postdoctoral Fellowship. We thank Miss C. 
Pollina for assistance, and Drs D. W. Peterson and B. W. 
Wilson (Davis) for help with the supply of chickens: the 
flock used is maintained with the aid of MDAA. 
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Altered erythrocyte membrane 
phosphorylation in sickle cell disease 


For several years evidence has been accumulating to 
indicate that the erythrocytes of individuals with sickle cell 
anaemia not only contain an abnormal haemoglobin but also 
exhibit several altered membrane characteristics. These 
include increased cation transport’, possible alterations in 
phospholipid arrangement’, and increased membrane 
rigidity’. The protein and glycoprotein content of membranes 
from erythrocytes of individuals with sickle cell anaemia 
does not seem to differ from that of normal erythrocyte 
membranes*. Many of the altered membrane characteristics 
appear to be a fonction of altered erythrocyte membrane 
structure due to membrane-haemoglobin interactions’, 
however, whether or not other membranous protein-protein 
interactions are aftered is not well documented. 

We have recently reported? that human erythrocyte 
membranes contain, as well as a cyclic AMP-dependent 
protein kinase, another protein kinase which is capable of 
using either ATP or GTP as its phosphoryl donor. This 
enzyme is insensitive to regulation by cyclic nucleotides and 
catalyses the phosphorylation of membrane polypeptides in 
the area of bands 2 and 3 (nomenclature of Steck’). In this 
communication we report that the autophosphorylation of 
sickle-cell (SS) erythrocyte membranes by this enzyme 
differs from that observed with normal cells. 

Blood was obtained from non-hospitalised individuals 
homozygous for haemoglobin S and from normal individuals 
through the Hematology Clinic at the University of Minois 
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Table 1 Phosphorylation of normal and sickle-cell erythrocyte membrane polypeptides 





Phosphoryl 2-2.1 
donor 
ATP Normal 1.01 +0.05 
SS 0.74+0.05* 
ATP (+ Normal 1.27+0.11 
4 0.94 +0.07 
Normal 0.64 +0.05 
SS 0.51 +0.03tł 


3 4.1 4.54.8 
1.43+0.11 0.05 +0.01 0.12 +0.02 
1.51 +0.13 0.12 +0.03 0.24 +0.02 
1.61 +0.13 0.16 +0.02 0.43 +0.05 
1.48 +0.23 0.22 +0.06 0.58 +0.13 
0.57 +0.13 0.01 +0.01 0.01 +0.01 
0.83 +0.12 0.07 +0.04 0.20 +0.03ł 





Membranes were phosphorylated 
Sime were present as indicated. When 


as described in Fig. 1 except 


AMP 


that aerated (0.2 mM, 250 c.p.m. pmol) and 
the auto- 


the incubation period was 5 mm at 37°C an 


TP was used as the phosphoryl donor 
logram was exposed for 4d. The values were obtained by in areas under the indicated peaks of densitometric tracings and are 


as arbitrary densitometric units per ug membrane protein. AIl values are given 


as means -+s.¢.m. The numbers in parentheses refer to 


expressed 
the number of determinations. Statistical determinations were performed using the Student's r test. 


tly different from normal, P <0.01. 
Significantly different from normal, P <0.05. 
Significantly different from normal, P <0.001. 


Hospital. Haemoglobin-free erythrocyte membranes were 
prepared according to Dodge er al.' and stored in liquid 
nitrogen before use. Membranes were phosphorylated and 
applied to 5% polyacrylamide slab gels containing 0.2% 
SDS as previously described’. Autoradiograms which were 
prepared from the dried gels were scanned using a 
Zeineh Soft-Laser densitometer. 

In confirmation of a previous study by others‘, we 
saw no large differences in the protein content of normal 
and SS erythrocyte membranes as analysed by SDS- 
polyacrylamide gel electrophoresis. When we studied the 
phosphorylation profile of the two types of membranes, 
however, we saw marked differences when y-"P-GTP was 
used as the phosphoryl donor (Fig. 1 and Table 1). As 
mentioned above, only one of the membrane-bound kinases 
can utilise GTP as its phosphoryl donor. As seen in Fig. 1 
and Table 1, one or more polypeptides which migrate in the 
area designated as 4.5-4.8 are substrates for the GTP- 
utilising kinases in sickle-cell but not in normal erythrocyte 
membranes. This difference is not observed when ATP is 
used as the phosphoryl donor, either in the presence or 
absence of cyclic AMP (Table 1). 

A second, albeit less marked, difference in sickle-cell 
membrane phosphorylation is that the phosphorylation of 
polypeptides 2-2.1 is slightly lower in sickle-cell membranes 
than in normal erythrocytes when either ATP (in the 
absence of cyclic AMP) or GTP is used as the phosphoryl 
donor. Although there is a tendency for the phosphoryla- 
tion of 2-2.1 in the presence of ATP and cyclHc AMP to be 
less in the SS than in the normal erythrocyte membranes, 
the data are not significantly different. In the presence of 
cyclic AMP no significant differences in the phosphorylation 
of normal and SS membranes are observed. 

There are several possible explanations for the observed 
results. We favour the hypothesis that the conformation of 
kinase substrates may be altered in the SS membranes. It is 
conceivable that phosphoryl acceptor sites are covered (as 
for 2-2.1) or uncovered (as for 4.54.8) as a result of 
repeated sickling and unsickling during the lifespan of 
the erythrocytes. Alternately, the Kinase itself may be 
altered such that its substrate specificity is decreased. Since 
the cyclic AMP-dependent protein kinases do not use GTP 
as a phosphoryl donor’, it is unlikely that the phosphoryla- 
tion of 4.54.8 in SS erythrocyte membranes in the presence 
of GTP is attributable to the cyclic AMP-dependent kinase. 
Further characterisation of the kinetics of the phosphoryla- 
tion reactions in normal and SS membranes and the solubiH- 
sation of the kinases and their substrates is necessary to 
determine if one or more of these or other factors are 
responsible for the observed phenomenon. 

It is well documented that several aspects of cation 
content and transport are altered in SS erythrocytes’. In 
addition, there are several lines of evidence implicating 
membrane phosphorylation in the regulation of cation 


transport, Whether or not the altered membrane phos- 
phorylation of SS erythrocytes plays a role in the altered 
transport processes in these cells or in other membrane 
phenomena remains to be determined. 
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was supported by the American Cancer Society. M. Hosey 
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Inhibition of intercellular adhesion 
in a cellular shime mould by univalent 
antibody against a cell-surface lectin 


Ta cellular alime moulds, Dictyostelium discoideum and 
Polysphondylium pallidum contain carbohydrate-binding 
proteins (lectins) that increase significantly in amount in 
soluble. crude extracts as amoebae differentiate from the 
vegetative stage (when the cells do not associate) to the 
agpregation-competent stage (when the cells can form stable 
intercellular contactsy*. Lectins from the two species, 
assayed as agglutinins of erythrocytes, have been purified by 
affinity techniques and, on the basis of their carbohydrate- 
binding specificities, as well as several physicochemical 
properties, have been shown to be distinct proteins’. Dis- 
tinct lectin activities have also been identified in four other 
species of slime moulds’. The lectins from D. discoideum 
and P. pallidum accumulate on the cell surface with de- 
velopment of aggregation competence as demonstrated by 

tte experiments’’”’’, immunofluorescent and 
immunoferritin techniques’", and lactoperoxidase-catalysed 
iodination of intact cells’. Both species also contain cell- 
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Fig. 1 Kinetics of agglutination of aggregation-competent 
ameobae (@) and vegetative amoebae (©). Vegetative amoebae 
and aggregation-competent amoebae were collected after 55h 
and 96 h of incubation on agar, respectively. Cells were washed 
several times in cold water to separate them from bacteria and 
were then suspended at 9 x 10° mi~ in EDTA~—phosphate buffer 
(16.7 mM Na,HPO,-KH,PO,, 10mM EDTA, pH 6.2) con- 
taining 0.2 M p-glucose and { mg ml~? bovine serum albumin 
(BSA). The cell suspension was dispersed into single cells by 
repeated Manostat pipetting. After 30 min in an ice bath, the 
cell suspension was again dispersed as above. A 500-1 sample 
of the cell suspension was added to each of several individually 
cut out wells of a Linbro plate (16 mm diameter, FB--54). The 
wells were gyrated at 115 rp.m. on a New Brunswick G-24 
shaker (radius of gyration 3/4 inch) at 22 °C. At various times, 
the contents of wells were carefully poured into plastic vials 
containing 20 ml of EDTA-—phosphate buffer. The vials were 
gently mixed and after 5 min, to allow osmotic re-equilibration, 
single cells were counted with a Coulter Counter (Model ZBI, 
100-um aperture, 1/amplitude = 1, 1/aperture current == 0.354, 
impedance = 10K, threshold = 10-60). With these settings, 
approximately 90° of the single cells were counted. The total 
number of cells present in the suspension was determined by 
dispersing the agglutinates into single cells by Manostat pipetting 
and counting at the above settings. The percentage agglutination 
was computed as the percentage of single cells that entered into 
aggregates. Two wells were used for each time point. Readings 
on independent samples agreed to within 5°. 


surface receptors with a very high affinity for the homo- 
typic lectin and a lesser affinity for the heterotypic lectin’, 
suggesting a possible basis for species-specific intercellular 
affinities. In the case of D. discoideum, we have shown that 
the high affinity receptor appears on the cell surface as 
amoebae differentiate into the cohesive state”. 

This series of findings raises the possibility that intercell- 
ular adhesion in the cellular slime moulds is mediated by 
the association of cell-surface lectins with complementary 
surface receptors, presumed to contain complex oligosac- 
charides. This possibility is supported by the finding that 
cohesiveness of aggregation-competent P. pallidum cells is 
inhibited by specific simple sugars that react with pallidin, 
the lectin derived from this species’. High concentrations of 
these sugars are, however, required (0.1 M or higher), sug- 
gesting the possibility of nonspecific effects on unknown 
components of the cell, rather than inhibition of cell-surface 
pallidin. To test the possibility that pallidin on the surface 
of P. pallidum amoebae is indeed involved in the develop- 
mentally regulated cohesiveness of these cells, we raised 
antiserum to purified pallidin and determined the effect of 
Fab fragments, derived from the antibodies, on the 
cohesiveness of P. pallidum cells. We now report that these 
univalent antibodies inhibit the cohesiveness of differen- 
tiated amoebae. 

Polysphondylium pallidum strain WS 320 was grown in 
the dark in the presence of Aerobacter aerogenes on 
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nutrient agar at 22 °C with 10° spores inoculated on each 
100-mm agar plate, as described previously’. In these condi- 
tions, the amoebae became aggregation competent by 96h 
when the bacteria had been substantially cleared. The 
absence of light prevents the cells from aggregating and 
proceeding through culmination. On illumination, however, 
aggregation of the cells is apparent within 30 min. Vegeta- 
tive cells were obtained after 55 h of culturing, when a thick 
carpet of bacteria still covered the agar. These cells, once 
free of bacteria, require a several-hour interphase period 
before they are aggregation competent. Cells of both stages 
were collected and washed as previously described’. An index 
of cell cohesiveness was obtained by gyrating a suspension 
of mechanically dispersed cells and determining the percent- 
age reduction in single cells as they agglutinated. In the 
hypertonic assay conditions used (see Fig. 1), only the 
ageregation-competent cells formed agglutinates, whereas 
vegetative amoebae remained as single cells. The critical 
factors in this assay, including a morphological study of the 
agglutinates by transmission and scanning electron micro- 
scopy, will be presented later. 

Pallidin was purified by affinity adsorption’. The purified 
protein gave a single band on polyacrylamide electrophoresis 
in the presence of sodium dodecyl sulphate and 2-mercap- 
toethanol, even when as much as 200 ug of protein was 
applied to the gel. Antiserum, raised in a rabbit using a 
conventional procedure as described previously’, formed 
a single precipitin band on immunodiffusion against either 
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Fig. 2 Effects of immune (@) and normal Fab (©) on P. 
pallidum agglutination. Cells were collected after 96 h of incu- 
bation, washed and suspended to 1.8 x10 mi~ in EDTA- 
phosphate buffer containing 0.4 M p-glucose and 2 mg mi™? 
BSA. Aliquots of the cells were dispersed and mixed with equal 
volumes of varying concentrations of normal or immune Fab 
diluted in EDTA-phosphate buffer. After a preincubation 
period of 30 min at 0 °C, the cells were dispersed again and 
added to Linbro plastic wells, 500 yl per well. After 30 min of 
gyration by which time equilibrium was approached, the per- 
centage of cells that entered into agglutinates was determined 
as above (see Fig. 1 legend). For each of a series of concentrations 
of normal and immune Fab, the percentage of the control level 
of agglutination in the absence of Fab was computed. Two 
replicate wells were used per treatment. Protein concentration 
was determined by the Lowry method using BSA as a standard. 
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purified pallidin or crude extracts of P. pallidum cells. 
IgG was purified by ammonium sulphate precipitation 
followed by DEAE-cellulose chromatography". Fab frag- 
ments were derived by papain digestion and purified by 
the standard procedure’. Control Fab fragments were 
prepared in parallel from normal rabbit serum. 
The Fab fractions were assayed for their ability to 
inhibit haemagglutination produced by purified pallidin 
in a standard assay. The reaction mixture added to the 
wells of a Microtier V plate was as follows: 254] of a 
twofold dilution series of pallidin in 75 mM NaCl, 
75 mM NasHPO.-KH:PO,, (pH 7.2 PBS), 25 #1 of forma- 
linised human O erythrocytes’ 2.5% (v/v) in PBS; and 
25 wl of Fab diluted in 16.7 mM Na:HPO;-KH:PO,, 10 mM 
EDTA (pH 6.2). At a final concentration of 0.5 ug ml”, 
immune Fab reduced the haemagglutination titre by 50%: 
normal Fab did not produce inhibition at concentrations 
up to 250 ug ml”. 
Immune Fab (at 34g ml) directed against pallidin 
inhibited the cohesiveness of P. pallidum cells by 50%, 
whereas control Fab had little effect (Fig. 2). Inhibition of 
agglutination was also obvious on microscopic inspection. 
Beug and colleagues***“ have demonstrated that Fab frag- 
ments from antisera against crude fractions of differentiated 
D. discoideum amoebae block cohesion of D. discoideum 
cells; but in this case the cell-surface antigens with which 
the contact-blocking Fab fragments react are not known. In 
the present experiments, Fab fragments directed against the 
cell-surface lectin, pallidin, were shown to inhibit cohesive- 
ness of differentiated P. pallidum cells, as measured in a 
gyrated suspension. Although further experiments are 
required to fully define the morphogenetic role of the 
cellular interactions measured by our cohesiveness assay, we 
assume that this experimentally defined cohesiveness is 
functionally significant, since it is correlated with the 
ability of cells at different developmental steps to form 
stable intercellular contacts when moving on a solid sub- 
stratum. Together with other evidence summarised here 
and reviewed elsewhere’, the present experiments provide 
strong support that stage-specific intercellular adhesion is 
mediated by the cell-surface lectin, pallidin. 
This research was supported by a USPHS grant. We 
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New approach to determination of specific 
functions of platelet membrane sites 


It has been suggested that the layer of bound carbohydrate 
on the surface of a platelet contains groupings vital to the 
haemostatic function of the platelet!. This haemostatic role 
is largely dependent on the ability of the platelet to adhere to 
exposed subendothelial components in the event of vessel 
damage?. Platelet aggregation, induced by bovine factor VIII 
and ristocetin, and platelet adhesion to subendothelium are 
impaired in the Bernard—Soulier syndrome, while aggregation 
induced by ADP is apparently normal™*, A gross abnormality 
in the 155,000-molecular weight glycoprotein seen in membrane 
fractions prepared from platelets from this syndrome” suggests 
that the glycoprotein acts as an acceptor—receptor during the 
interation with subendothelium and macromolecular aggre- 
gation-inducing agents. Here we report further evidence that a 
specific site on the platelet is required for ristocetin and bovine 
factor VIII to induce platelet aggregation and for platelet 
adhesion when aggregation and platelet adhesion to subendo- 
thelium are inhibited by an acquired antiplatelet antibody 
found in a polytransfused Bernard-Soulier patient. This 
antibody induced in vitro, on normal human platelets, a specific 
Bernard—Soulier-like defect, so that adhesion to subendothelium 
was impaired and aggregation with ristocetin and bovine 
factor VIII was defective, while ADP-mediated aggregation 
was unaffected. 

The antibody, which was shown to be an IgG, was isolated 
from the plasma of a Bernard—Soulier patient (F) who had 
received multiple transfusions of platelet concentrates during 
the arrest of a bleeding episode. It seemed to differ from the 
usual antiplatelet alloantibodies: a negative complement 
fixation test was observed with a panel of 25 control human 


Fig. 1 Effect of different dilutions of the antibody from patient P 
on the aggregation of control human PRP induced by ADP, 
collagen, bovine factor VIII and ristocetin. Citrated control 
human PRP (0.2 ml) was incubated for 60s in the cuvette of a 
Born MK II miniaggregometer (produced by the Department 
of Pharmacology, Royal College of Surgeons, London) in the 
presence of several different non-agglutinating dilutions of the 
antibody (in saline) before addition of 10 ul of one of the 
following inducers (final concentration): a, 0.6 pmol of ADP 
(Sigma); x, 20 pg of collagen (Stago, Asnières), C], 160 pg of 
bovine factor VIH (AB Kabi, Stockholm); ©, 200 ug of risto- 
cetin (Lundbeck, Copenhagen). Results (mean values) of 10 
experiments are expressed as the percentage inhibition of the 
aggregation intensity in the absence of antibody. 
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Saaana narena 
Table 1 Consumption studies of the antibody from patient by platelet stroma 


Residual agglutinating activity with control PRP 
after incubation with 


Antibody final dilution Saline Control BSI 
platelet platelet 
stroma stroma 

1:20 50 12 60 
1:40 15 0 I8 


Residual inhibitory effect on ristocetin-induced 
aggregation of control PRP after incubation with 


BS2 Saline Control BS1 BS2 
platelet platelet platelet platelet 
ee stroma stroma stroma 

16 80 10 45 50 
45 5 20 45 


ATTAT NATTERER AAAA nda 


Hypercitrated PRP from control human or two other Bernard-Soulier patients, BSI and BS2, were centrifuged for 10 min at 2,000g and 15 °C. 
Platelets pellets were resuspended in 0.015 M Tris-HCl buffer, pH 7.4, containing 0.135 M NaCl, 0.053 M KCI and 0.015 M EDTA. These 
pellets washed twice in this buffer, then finally resuspended in the same buffer without EDTA, were disrupted by five times freeze_thawing and 
washed twice in saline (27,500g, 15 min, 15 °C) to remove most of the intracellular constituents. The stromas were resuspended at a concentration 
of 1 mg of protein per ml in saline. Samples (0.2 ml) of this membrane-enriched fraction or 0.2 ml of saline were incubated with 0.2 ml of differ- 
ent dilutions of 6 mg of the antibody solution (final dilutions of the antibody were 1:20, 1:40, 1:80) for 120 min at 37 °C, followed by overnight 


incubation at 4 °C. After centrifugation at 27,500g for 15 min at 15 


°C, the supernatants were tested for their residual agglutinating activity 


(left hand side) on control PRP (results expressed as percentage of agglutination) and inhibitory effect on ristocetin-induced aggregation (right 
hand side) of control PRP (results expressed as percentage of inhibition of the intensity of ristocetin aggregation). Mean values of three experi- 


ments. 


platelets by a microtechnique described before®, the lympho- 
cytotoxicity test of Terasaki and McClelland’ revealed only a 
weak anti-HLA-Al antibody, and the thromboagglutination 
test? was positive on 20 control human platelets whatever the 
HLA, PLA,, KOa or KOb type. When control citrated platelet- 
rich plasma (PRP) from 50 donors was incubated at 37 °C and 
stirred in a Born MK TI miniaggregometer cuvette in the 
presence of the antibody, agglutination was observed after 
about 1 min. The intensity of the agglutination of control 
PRP was directly related to the concentration of antibody 
added. No agglutination was observed with a final dilution 
greater than 1:40. PRP from a patient with severe quantitative 
von Willebrand disease was normally agglutinated by the 
antibody. In contrast no agglutination effect (at any dilution) 
was observed when the antibody was added to PRP obtained 
from two other Bernard—Soulier patients. Using PRP from the 
family of one of these patients, we found that the agglutinating 
effect of the antibody from patient P was nil for an apparently 
healthy brother, about 60° of normal for another healthy 
brother and also for the mother and the father, making possible 
a distinction between the normal and heterozygous state. 

Figure 1 shows that the antibody from patient P was a 
strong inhibitor of aggregation induced by ristocetin and 
bovine factor VIH. The inhibitory effect was related to the 
concentration of antibody used. In contrast, ADP or collagen- 
induced aggregation were not inhibited by the antibody. 
Table 1 shows that after incubation with control platelet stroma, 
both agglutinating activity and inhibition of ristocetin-induced 
aggregation by the antibody were suppressed, while with the 
platelet stroma of the two other Bernard-Soulier patients, 





Table 2 Effect of antibody from patient P on interaction of platelets 
with rabbit aorta subendothelium 








Interaction of platelets 


Antibody final dilution with aorta subendothelium 


Naked Adhesion 
0 28-+12 72 +12 
1:80 43 57 
1:40 76 24 





The procedure was as described by Baumgartner’, Everted seg- 
ments of rabbit aorta, previously denuded of endothelium were 
mounted on the central rod of a perfusion chamber. Citrated whole 
blood from donors was first incubated for 10 min with the antibody 
(final dilutions 1:40, 1:80) or with saline before being circulated 
for 10 min at 37 °C with an average flow rate of 160 ml min through 
the chamber. After the chamber had been rinsed with phosphate 
buffer, the blood vessel segments were fixed and embedded in Epon 
for examination by light microscopy and for evaluation of platelet 
interaction with subendothelium. Results are expressed as the 
percentage of the subendothelial surface that is devoid of platelets 
(naked) or that is covered by adherent platelets (adhesion). Results 
of control without antibody are given as the mean values of 10 
experiments +1 s.d. 


much of the antibody activity was recovered in the supernatant- 
In the presence of antibody dilutions that inhibited 100° of 
control PRP ristocetin-induced platelet aggregation, platelet 
adhesion to subendothelium was estimated by the Baumgartner 
technique? to be 24% compared with 72% without antibody 
(Table 2). 
The agglutinating effect of the antibody from patient P on 
control human PRP and not on the two other Bernard—Soulier 
PRP, could indicate that the antibody was an antiplatelet 
antibody directed against an antigen present on all normal 
platelets but absent, very reduced or abnormal on Bernard- 
Soulier platelets. This suggestion is supported by the fact that 
control human platelet stromas consumed the antibody while 
Bernard—Soulier platelets were much less efficient in doing so. 
Using subagglutinating dilutions of the antibody from patient 
P, we have demonstrated the strong and specific inhibition of 
aggregation induced by ristocetin and bovine factor VII 
while ADP and collagen aggregation were not influenced. In 
the presence of the antibody, adhesion of normal platelets 
to subendothelium was much reduced; this may indicate that 
the antigen recognised by the antibody was necessary for the 
aggregation inducing agents bovine factor VIII and ristocetin, 
and for adhesion to subendothelium, but not for aggregation 
mediated by ADP and collagen. The antibody was not directed 
against von Willebrand factor, for it induced normal agglutina- 
tion of PRP from severe quantitative von Willebrand disease. 
Furthermore, von Willebrand factor activity in ristocetin- 
induced platelet aggregation was normal in the fraction eluted 
in the void volume after gel filtration on Sepharose 2B of plasma 
from patient P®. 
As the platelets of patient P had a surface defect involving a 
membrane glycoprotein’, we suggest that the antibody is 
directed against a specific platelet site, implicated in the inter- 
action with subendothelium and macromolecular aggregation- 
inducing agents. This antibody makes possible a distinction 
between the surface groupings involved in aggregation induced 
by ADP and collagen on the one hand, and in aggregation 
induced by ristocetin and bovine factor VIII and adhesion to 
subendothelium on the other hand. The platelet antigen 
recognised by the antibody could be the 155,000 molecular 
weight glycoprotein, but the exact antigenic site of the molecule 
remains unknown and is under investigation. 
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Kinetics of agonist-induced 
intrinsic fluorescence changes m 
membrane-bound acetylcholine receptor 


ACETYLCHOLINE receptor(AChR}rich membranes derived from 
fish (Electrophorus and Torpedo) electric organs have been 
used extensively for in yitro binding and functional studies’. 
These membrane fragments (microsacs) are particularly suited 
for physical investigations of AChR-—ligand interactions because 
of their inherently high content of receptor, retained in its 
natural environment. A number of extrinsic fluorescent probes 
have been applied to the determination of binding specificity, 
equilibria and, in a preliminary way, kinetics at the level of the 
isolated membrane, as well as the neuromuscular junction and 
purified receptor!—. We report here the existence of intrinsic 
_ protein fluorescence changes, induced in membrane fragments 
from Torpedo marmorata electroplaques by the natural neuro- 
transmitter acetylcholine. We have used highly sensitive 
fluorescence kinetic techniques to obtain the concentration 
dependence and some of the corresponding equilibrium and 
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rate constants for the initial binding and subsequent iso- 
merisation reactions. The latter can be correlated with electro- 
physiological data and the functional properties of the post- 
synaptic membrane’, particularly with respect to the process 
of desensitisation, and with other quantitative results obtained 
with the same microsac preparations’. In particular, our data 


' provide physical evidence for the existence of at least three 


conformational states of the -cholinergic receptor protein 
in situ, interrelated by reversible kinetic processes. 

AChR-rich microsacs were prepared essentially as described 
by Cohen et al.”, and their a-toxin-binding capacity determined 
by the Millipore filter assay!*. Fluorescence kinetic experiments 
were carried out in the stopped-flow apparatus designed in 
this laboratory!*. Further experimental details are given in 
the legends to Figs 1 and 2. 

Figure 1 shows the changes in the intrinsic fluorescence of 
the membrane-bound AChR induced by mixing with the 
natural neurotransmitter, ACh, and another cholinergic 
agonist, carbamylcholine. An exponential decay in fluorescence 
was observed on the addition of more than 10 uM ACh to 
the-microsacs (Fig. 1a). This initial response reversed to the 
original fluorescence decay after a delay which increased with 
increasing ACh concentrations or with a decreasing acetyl- 
cholinesterase (AChE) content of the microsacs. The decay, and 
its reversal, were superimposed on a uniform linear decrease 
in fluorescence emission’ probably due to photolysis caused 
by the high illumination intensities in the stopped-flow apparatus. 
(The drift could be determined easily and corresponded to a 
—0.012% s~! relative change in fluorescence—that is, much 
slower than the ligand-induced effect. All records were corrected 
appropriately.) 

At ACh concentrations < 2 uM, the initial response was 
no longer monoexponential and its magnitude was markedly 
reduced, presumably due to rapid degradation of the ligand 
by the AChE present in the partially purified microsacs. In the 
presence of small amounts of the AChE inhibitor paraoxon 
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(diethyl-p-nitrophenylphosphate, 150 nM), however, the ACh- 
induced fluorescence quenching could be followed over a wide 
concentration range (Figs 1b and 2). 

The relaxation times and amplitudes characterising the 
progress curves after mixing were concentration dependent 
but reached plateau values at high ACh levels (Fig. 2). Over a 
limited concentration range, an additional faster exponential 
decay in fluorescence was seen (Figs Ic and 2) but was not 
detectable elsewhere, for reasons given below. 

Similar kinetic phenomena, except for the reversal were 
observed with another agonist, carbamylcholine, which is not 
hydrolysed by the esterase (Fig. 1d). The relaxation time and 
amplitude, however, reached constant values at significantly 
higher concentrations of carbamylcholine as compared with 
ACh (65 against 4 uM, respectively). 

The specificity of the ligand-induced fluorescence changes 
and their attribution to distinct states of the receptor protein 
follow from findings that: the effects were abolished by pre- 
incubation with a tenfold molar excess of a-cobrotoxin; and 
the total amplitude of the fluorescence quenching was pro- 
portional to the specific activity (in terms of toxin binding) of 
various microsac preparations and not to the total protein or 
AChE content. The essential reversibility of the phenomenon— 
that is, the return of the AChR to its initial resting state—is 
attested to by the reversal observed as a consequence of 
dissociation and enzymatic hydrolysis of the free transmitter. 
The onset time and time course of the reversal were in good 
agreement with expectation on the basis of AChE determinations 
using acetylthiocholine™, 

The simplest reaction mechanism consistent with our 
experimental results consists of a fast binding step followed bya 
slow isomerisation 


k k | 
A+ RAR AD (1) 
2 4 


where A is the agonist and R and D are two distinct conformers 
of the AChR. The experimentally observed slow relaxation 
time, ty, corresponds in this sequential scheme to the equili- 
bration of the second step to which the first is thermodynamically 
coupled 


A 
(tu) Mes [rahe (2) 
į ; 


where K, is the dissociation constant (k,/k,). The reciprocal 
relaxation (Fig. 2) has an ordinate intercept of ky, an 
initial slope of k,/K, and a limiting value at high [A] of kyt Ki 
The corresponding amplitude (in terms of relative fluorescence) 
is given by 


A 
Qu = Urota T Gp = ovis 


A 
= [zé be: (3) 


where A®, and A®, are the fractional changes in fluorescence 
on passing from state R to states AR and AD, respectively, 
and K, is the isomerisation equilibrium constant (k3/k,4). 
üu has an ordinate intercept of zero, an initial slope of K,A®,/ 
K,, a maximum magnitude at [A]~ K,(K,A®,/A®,)-? and a 
plateau value of K,(A®,—A®,)/(1 +K,). 

Using the above formulation, it was possible to fit the data 
obtained at various concentrations of ACh or carbamylcholine 
with one set of parameters for each agonist (Fig. 2 and Table 1). 
It is seen that carbamylcholine has a lower affinity for the R 
state of the receptor but the transition from the AR to the AD 
state is more rapid and extensive (k, and K, larger than for 


l (AD 1 ae K,A® x) 
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ACh). The fluorescence parameters, however, are about the 
same for both drugs, and indicate that the emission of the 
receptor in the states R, AR, and AD decreases in that order. 
The values of K, for both ACh and carbamylcholine agree 
well with the apparent dissociation constants derived from 
[Na] efflux measurements in the microsac preparation and 
from direct binding to solubilised receptor”, 

The limited data for the rapid decay process (Figs 1 and 2) 
do not suffice for the determination of the corresponding 
rate constants, although k, is certainly > 10° M— s~, Thus, 
at low ACh concentration (for example, 1 uM), a, is too small 
(< 0.2%), whereas at high concentrations (> 40 uM), 1, is 
too small (< 10 ms) for the relaxation to be perceptible directly. 
Its presence is indicated nevertheless by the decrease in ay, 
at high levels of ACh (Fig. 2). 

The addition of a further rapid isomerisation step between 
an inactive complex AR (equation 1) and a conducting form 
AR’ does not alter the ability of the above formulation to 
account for the data of Fig. 2 (except to change the quantitative 
interpretation of K, and k,). Such a scheme is required to 
rationalise the submillisecond rise time of the endplate 
potential“? and the analyses made of potential fluctuations 
(membrane noise)'*!’, If the AR-AR’ equilibrium is rapidly 
established and particularly if it favours the AR state, we 
would fail to detect it due to the 3-5 ms time resolution of the 
conventional stopped-flow apparatus?!, even if a distinct 
fluorescence change were involved. 

The second relaxation process is most likely related to the 
formation of an inactive or ‘desensitised’ state of the receptor 
(AD), a phenomenon which occurs in T. marmorata in viyo'® 
and in vitro™™!®* and, moreover, generally in the cholinergic 
synapse*?1~24. The rate constant k, (Table 1) indicates that 
desensitisation occurs in the time range of seconds, a finding 
compatible with most electrophysiological data. In addition, 
other studies (unpublished results) have shown the expected 
influence of temperature and of effectors known to influence 
desensitisation on the fluorescence relaxation process. Although 
the simple scheme outlined above accounts well for the experi- 
mental results, the rapid reversal of the fluorescence decay on 
ACh hydrolysis (Fig. 1a) suggests the existence of an alternative 
route for recovery from the desensitised state with a rate 
> 0.1 s~" (and thus incompatible with the value of k4, Table 1). 
This phenomenon, which may to a limited degree represent 
the physiological situation, is consistent with a cyclic scheme 


Fig. 2 Dependence on ACh concentration of the fluorescence 
decay rates (t~) and amplitudes (a) after mixing AChR-rich 
microsacs with ACh in the stopped-flow fluorimeter. Specific 
activity: 1,000 pmol a-toxin-binding sites per mg protein. 
AChR concentration after mixing was 20nM in a-toxin 
sites. J, Decay rate measured in the presence of the AChE 
inhibitor paraoxon (300nM); O, decay rate measured in 
the absence of the AChE inhibitor; @, observed amplitude 
of decay in fluorescence in the presence of 300 nM paraoxon; 
©, amplitude measured in the absence of paraoxon: A, 
amplitude of fast decay in fluorescence observed at 4 uM 
(t; = 120 ms) and at 12 uM (1, = 32 ms) ACh, with the same 
membrane preparation used in experiment shown in Fig. Ic. 
Solid lines correspond to the theoretical curves calculated for 
the sequential scheme(equations £ l jand (2)) using the values given 
in Table 1, 
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Table 1 Parameters derived from the ligand-induced fluorescence 
changes using the sequential scheme outlined in equations 1-3 





ACh* Carbamylcholine 
2.0 uMt 50 uMt 
ks 0.1657} 0.37 57} 
ks 0.027 s~ 0.01 57? 
K, 6 37 
A®, 0.67 4 ~—0.75% 
A®, =A =LI 7 


*In the presence of 150nM AChE inhibitor, paraoxon. Tem- 
perature: 20 °C. 

tFrom Table 2 in ref. 10. 

{This and related values have been normalised to a specific 
activity of I nmol *H-a-toxin per mg protein. The measured fractional 
fluorescence changes, A®, and A®,, are related to the actual relative 
changes in the fluorescence of the AChR by a proportionality factor B 
which denotes the fractional contribution made by the receptor to 
the total protein emission. That is, the true changes associated with 
the intrinsic AChR fluorescence are given by BA®, and BA®,, 
where B could have a value > 10. 


extending equation (1) to include the dissociation of the AD 
complex and the isomeric transition of the D to the R state. 
Such a mechanism, which was considered originally by Katz 
and Thesleff” and developed further by Rang and Ritter??:75 
best fits available pharmacological data®°. Our results indicate 
that the desensitised receptor has a much higher affinity for 
the agonist than does the resting state (K, < K/K. < K, 
where K,, the dissociation constant for the AD state, must 
be < 0.3 M to account for the consistency of the data with 
the sequential scheme). 

It is important to note that regardless of the true binding 
order associated with activation (that is, number of ligand 
molecules required per functional receptor, a value which 
may well exceed one’~**5~*7) the isomerisation step (desen- 
sitisation) we have observed seems to proceed from a mono- 
liganded state (we cannot exclude the presence of other more 
tightly bound ligand molecules). This finding suggests that if 
binding of additional molecules is required for activation, it 
involves only a small proportion of the available receptors. 

Conformational changes in the cholinergic receptor have 
been invoked to explain drug antagonism (the ‘metaphilic 
effect’?*), agonist efficacy™™?>7, agonist-dependent mean 
channel conductance®, and numerous in vitro observations, 
including those derived using fluorescence probes!:3*, The 
advantages of using intrinsic protein fluorescence in such 
studies are twofold: there is a minimal perturbation of the 
system; and natural ligands can be used at high concentration 
without loss of specificity or sensitivity. The magnitudes of 
the effects we have observed, though small, seem to be specific. 
Studies now in progress are aimed at characterising the 
structural changes responsible for the fluorescence states of the 
AChR. 

We thank Drs P. Adams and R. Clegg for valuable comments 
and Mrs A. Zechel for assistance. 
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Virtual absence of L-glutamate from 
the haemoplasm of arthropod blood 


Durinc the past decade substantial evidence has accumulated 
that L-glutamate is a transmitter at arthropod somatic neuro- 
muscular junctions'. One of the major paradoxes in the accep- 
tance of this evidence is the reported high concentration of 
L-glutamate in the haemolymph, which is sufficient on neuro- 
physiological preparations to decrease or abolish neurally- 
evoked contractions?*. To overcome this problem it has been 
suggested that either there is a barrier to L-glutamate between 
the neuromuscular junction and the haemolymph®, or t- 
glutamate is bound in the haemoplasm in a pharmacologically 
inactive formë or sequestered into the haemocytes®’. These 
suggestions would now seem to be obsolete in view of our 
evidence that L-glutamate is virtually absent from arthropod 
haemoplasm. 

The neuromuscular junctions of Lucilia sericata, in common 
with other blowfly larvae, are not covered by glial celis®’ and 
so there is no cellular barrier between the synapse and the 
L-glutamate in the haemolymph. Injection of L-glutamate into 
the haemolymph of larval L. sericata, as found with larval 
Calliphora vicina®, caused reversible paralysis, confirming that 
there is no apparent barrier to L-glutamate between the haemo- 
lymph and the neuromuscular junction in this i vive prepara- 
tion. Furthermore, injection of radiolabelled t-glutamate 
into the haemolymph reveals rapid metabolism and removal of 
L-glutamate to other tissues, which indicates that the L-gluta- 
mate is not bound in the haemoplasm in-a pharmacologically 
inactive form. As fresh haemolymph has been reported to be 
pharmacologically inactive®, an investigation into the electro- 
physiological effects of fresh haemolymph on body wall muscles 
6A and 7A of L. sericata was undertaken. These muscles are 
sensitive to L-glutamate which causes muscle membrane 
depolarisation and contraction. The effect on the membrane 
potential when fresh haemolymph was applied was unpredictable 
individually, but when repeated many times gave no significant 
difference between the membrane potentials before and after 
haemolymph application (7 = 105). Aged haemolymph gains 
pharmacological activity in Schistocerca gregaria® and this is 
also true for aged L. sericata haemolymph, which evokes 
physiological responses similar to those elicited by L-glutamate. 

Fresh haemolymph is thus pharmacologically inactive, and 
no barriers (physical or chemical) seem to exist between the 
neuromuscular junction and the haemolymph. One possible 
conclusion is that the haemoplasm does not contain L-giutamate 
and so to test this hypothesis, we analysed the haemolymph of 
various insects using a Locarte automatic amino acid analyser 
(Table 1 and Fig. 1). The haemolymph from individuals of each 
species was pooled, to give samples of 30411 which were centri 
fuged for 4 min at 800g, the haemoplasm removed and the 
proteins precipitated using mainly 709%% ethanol, and occasionally 
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Table 1 The concentration of L-glutamate and L-glutamine in the haemoplasm and haemocytes of five insects and one crustacean 


Lucilia Calliphora 
sericata erythrocephala 
Place of Below spiracular 
extraction sclerite 
Animals per sample 5 3 
No. of samples C{5) P(6) C4) P(4) 
Mean L-glutamate 3.3 20.1 
concentration +-4.5 _ +74 -l 
6r 
Mean L-glutamine 121.3 1047.3 131.6 827.0 
concentration + $0.3 +. 130.3 an 29.8 + 223.0 


C, Haemocytes; P, haemoplasm. Units, 1075 M -+ s.e. 
*One sample contained quantifiable L-glutamate. 


t, Number of samples containing trace of L-glutamate (< 1075 M). 


3% sulphosalicylic acid (glutamate recovery 97-99% and 
95-98 % respectively), The precipitate was removed by centri- 
fugation, resuspended in distilled water, recentrifuged and the 
supernatants pooled. All experimental procedures were carried 
out at 4°C. The results revealed that although there is L- 
glutamate in the haemocytes of all the species tested, it is not 
detectable, or only present in trace amounts (< 10 M) in 
the haemoplasm. These results have been confirmed quali- 
tatively by high voltage paper electrophoresis (HVPE), and a 
Beckman 120C amino acid analyser with an initial buffer of 
PH 3.25, which achieves a discrete glutamate peak away from 
the glutamine peak. Our data thus clearly contradict the reports 
of others?~7-12~14 who found levels of L-glutamate as high as 


Fig. 1 Traces taken from Locarte automatic amino acid 
analyser. Upper trace, Absorbance at 570nm: lower trace, 
absorbance at 440 nm. a, Standards: glutamine, 53 nmol; glu- 
tamate, 20 nmol. b, Unclotted Periplaneta americana haemo- 
plasm showing no detectable glutamate. c, Clotted P. americana 
haemoplasm showing presence of glutamate. d and e, Unclotted 
P.americanahaemoplasm showing traces of glutamate (< 10-5 M). 
W, Glutamine; V, glutamate. All peak heights integrated by 
computer, 


Absorbance 








Schistocerca Locusta Periplaneta Carcinus 
gregaria migratoria americana maenus 
| Membrane 
Dorsal cervical Removing between coxa 
membrane hind leg and thorax 
3 3 3 1 


C4) PO OŒ) PSO C&O PC) C2) PIS) 


0.4 
0.8* —  404* — 63 — 96 "e 
25.7 403.0 92 305 60.6 214.6 I5 48 
+19 -+22.3 +2.8 +41.6 +15.6 +266 47.6 15.3 


5.8 x 1074 M (ref. 5) in arthropod haemoplasm. To resolve this 
contradiction, we studied the methods used by these other 
workers, and found that these methods are capricious, for the 
following reasons. 

(1) L-glutamine is often the most abundant amino acid in the 
haemoplasm (10~*-10~° M} and is known to be unstable? ~!* at 
extremes of pH. Using HVPE and radiolabelled L-glutamine, 
we found that the common acid protein precipitants (perchloric 
acid, trichloroacetic acid and sulphosalicylic acid) at the 
quoted concentrations are sufficient to convert some L-glutamine 
to -glutamate and pyrrolidone carboxylic acid (Table 2). 
Furthermore, perchloric acid left at room remperature in a 
clear glass vessel shows a dramatic increase in hydrolysing 
ability (Table 2). 

(2) Many published haemolymph extractions were conducted 
at room temperature”, We found it difficult to prevent the 
first stages of clotting at room temperature and even at 4 °C 
half the samples of some species had to be discarded after 
centrifuging because some clotting had occurred. Haemolymph 
analysis of these partially clotted samples revealed L-glutamate 
in the haemoplasm at concentrations as high as 4.5x 1074 M. 
Thus attempts to analyse partially clotted samples of haemo- 
lymph of those insects tested will reveal -glutamate in the 
haemoplasm. This could explain why aged haemolymph gains 
pharmacological activity. 

(3) Many authors did not separate haemoplasm from 
haemocytes"!*?°. Too low a centrifugation speed, however. 
will contaminate the haemoplasm with L-glutamate from the 
haemocytes. Too high a centrifugation rate on the other hand, 





Table 2 Reaction preducts following treatment of glutamine with 
various protein precipitants 


eme taamaan aa AMARA tre i tHe NA 


Pyrrolidone 
carboxylic 
Treatment Glutamate acid 
70% Ethanol 0.3-0.8 1.2-1.7 
39% Sulphosalicylic acid 2.0-4.3 2,13-5,93 
15% Trichloroacetic acid 0.2-2.2 0.83-5.43 
0.4 N Perchloric acid 0.7-1.0 0.83-4.62 
12-h-old 0.4 N Perchloric acid 10.1-11.0 10.93] 1,73 
1-week-old 0.4 N Perchloric 
acid 14,0-18.0 13.23-17.63 





Glutamate and pyrrolidone carboxylic acid are expressed as 
percentage produced from hydrolysis of 10 M glutamine. Incubation 
of glutamine with protein precipitants was for 10 min in an ice bath. 
The ‘aged’ perchloric acid had been kept at room temperature. 
Range given from five separate determinations. The percentages of 
glutamate and pyrrolidone carboxylic acid formed vary greatly and 
the above figures should not be taken as absolute but merely as an 
indication that the reaction occurs. 
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causes haemocyte rupture, with consequent release of L- 
glutamate into the haemoplasm. 

(4) Other tissues have a high concentration of L-glutamate™ 
which may contaminate the haemoplasm during extraction. 

Thus our results show that L-glutamate is virtually absent 
from arthropod haemoplasm, or if detected, exists in concen- 
trations which are far below those measured by other workers. 
We believe that this new finding resolves one of the major 
obstacles to the acceptance of L-glutamate as a neurotransmitter 
at arthropod somatic nerve-muscle junctions. Further details 
of this work will be published elsewhere. 

We thank Dr J. Fox for discussion and sample analysis, 
Dr M. Wilkinson for use of HVPE equipment, and Dr C. Potter 
for helpful discussion. One of us (S.N.1.) acknowledges financial 
support from the SRC and Wellcome Research Laboratories. 
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Influence of social setting on 
the induction of brain cyclic AMP in 
response to electric shock in the rat 


Rats subjected. to electric footshock display two disparate 
behaviours, Escape-attempts or aggressive attack, depending 
on whether the rat is shocked alone or with a conspecific’. 
Different responses in blood pressure’, ACTH levels’, and 
brainstem noradrenaline turnover’ develop in these two 
patterns of behaviour. On the basis of these studies we 
hypothesised an additional differential response for brain 
cyclic AMP levels. We now report a 100% increase in 
whole brain cyclic AMP following shock-induced fighting 
but not after identical footshock given to isolated rats. This 
increase occurred with or without systemic pretreatment of 
the rats with caffeine, an inhibitor of phosphodiesterase, the 
enzyme which deactivates cyclic AMP. 

Forty-eight male Sprague-Dawley rats (180-220 g, 
Simonsen, Gilroy, California) were individually housed with 
ad libitum access to food and water and then randomly 
assigned to one of six experimental groups. These were a 
control group; a saline-injected control group; a shock-alone 
(Escape-attempt) group; a shock-paired (Fighting) group; a 
caffeine-treated group, unshocked: and a caffeine-treated 
group which was shocked when paired (Caffeine-Fighting). 
After two weeks of habituation to their environment the 
rats were exposed to testing. Those rats which received 


433 


footshock either alone or in pairs received, within a 
Plexiglas enclosure, 50 2-mA footshocks of 0.4s duration 
with a fixed intershock interval of 7.5s. This procedure and 
apparatus have been described in detail elsewhere“. Rats did 
not successfully avoid the footshock and all rats, whether 
alone or paired, subjectively appeared to sustain compar- 
able levels of shock as indicated by vigorous vocal and 
skeletal motor responses. All shocked groups were tested for 
3 consecutive days in the morning. 

Groups receiving drugs were injected approximately 30- 
60 min before behavioural testing, or at the end of the 
study, before killing. The saline group received 0.9% saline, 
intraperitoneally in a 2-ml volume, for 3d. The caffeme 
groups received caffeine given as the citrate in a dose of 
100 mg kg™', in a 2-ml volume, also for 3d. 

Immediately following the third day of testing and treat- 
ment, each rat was killed by microwave irradiation, in 
order to rapidly denature the enzymes responsible for the 
synthesis (adenylate cyclase) and degradation (phospho- 
diesterase) of cyclic AMP. The microwave apparatus used 
was a model 4104 Metabostat (Gerling Moore), with a 
power output of 5kW at a frequency of 2,450 MHz. 
Animals which were shocked, either alone or paired, (with 
50 footshocks during a 6.2-min period), were killed between 
2-5 min after the cessation of footshock. For irradiation, 
rats were placed in a cylindrical animal holder. This holder 
allowed the rats to assume a relatively natural position and 
placed only the head in the microwave field. There were no 
difficulties with animal excitation. Irradiation for 1.5 s 
produced rapid and uniform heating of all brain areas, All 
contro! and caffeine-injected rats were killed in the same 
manner. After irradiation, brains were quickly removed 
from the skull, frozen on dry ice, and stored at ~70°C 
until analysed. Tissues were homogenised in 5% TCA, con- 
taining a known amount of tritiated cyclic AMP to monitor 
nucleotide recovery during purification. Cyclic AMP was 
assayed according to a modification of the competitive 
protein binding method as described by Tovey er al." using a 
commercially available cyclic AMP-dependent protein 
kinase (Sigma). 

Whole brain levels of cyclic AMP are presented in Table 
1. The untreated-unshocked control group (C) had brain 
levels of 0.202+0.011 (pmol cyclic AMP per mg of wet 
brain weight). The saline-injected unshocked group (S) had 
comparable levels of 0.206+0.019. Either shock to rats 
alone (Escape-attempt) or the administration of caffeine to 
unshocked rats (CAF) elicited respective cyclic AMP levels 
of 0.243 +0.013 and 0.242+0.027. Paired shocking of rats, 
eliciting shock-induced aggression, produced levels of cyclic 
AMP in the untreated (Fighting) and caffeine-treated (CAF~— 
Fighting) groups of 0.445+0.073 and 0.40140,021, res- 
pectively. A one-way analysis of variance for these data was 
significant at the P <0.005 level (Fs.0= 8.68). Untreated 
shock-alone group (Escape-attempt) and the untreated 
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group, unshocked, did not significantly differ from the 
saline-injected group in this study. The shock-paired 
caffeine-treated group (Caffeine—Fighting) had significantly 





Table 1 Levels of brain cyclic AMP (pmol per mg wet weight) 


Group N cyclic AMP (mean + sem.) 
C 7 0.202 +-0.011 
S 7 0.206+-0,019 
CAF 7 0.242-+-0,027 
Escape-attempt 8 0.243. +-0.013 
Fighting 8 0.445 40.073 
CAF-Fighting 8 0.401 40.021 
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elevated cyclic AMP when compared to the saline-injected 
(P <0.001) or caffeine-injected (P <0.05) unfought groups. 
There was no statistically significant difference between the 
uninjected or saline-injected control groups, or between 
the caffeine-treated or non-treated fighting groups. The un- 
injected Fighting group had markedly higher levels of cyclic 
AMP than the uninjected Escape-attempt group (P <0.02). 

These results are in accord with other studies which have 
demonstrated physiological, neurohumoral, and neuro- 
chemical differences elicited by footshock when delivered to 
rats alone, inducing primarily attempted escape behaviour 
(a fear response) and when delivered in the presence of a 
conspecific, inducing fighting behaviour (an aggressive res- 
ponse). Williams and Eichelman demonstrated that the tail 
blood pressure of the rat decreased in the case of the 
Fighting paradigm and increased in the case of the Escape- 
attempt paradigm’. They also showed that the decrease 
could be selectively abolished by central destruction’ or 
peripheral destruction (unpublished observations) of 
catecholamine neurones with 6-hydroxydopamine. Con- 
versely the increase of tail blood pressure in the Escape 
paradigm could be abolished with adrenalectomy (Williams 
and Eichelman, unpublished observations). Conner et al.’ 
demonstrated that the Escape-attempt paradigm elicited 
greater ACTH secretion than the Fighting paradigm, con- 
sistent with the adrenal-blood pressure response noted by 
Williams and Eichelman. Stolk er al.’ have reported that 
brainstem noradrenaline metabolism also differs in the two 
paradigms. Rats shocked on their own (Escape-attempt) 
demonstrate an increase in noradrenaline turnover in the 
medulla-pons during the shock period, whereas rats paired 
and fighting fail to demonstrate this and show an increase in 
noradrenaline turnover in the 1-h period after shock, which 
correlates with the number of attacks observed. . 

The enhancement of shock-induced fighting in the rat has 
been repeatedly associated with a facilitation of central 
catecholaminergic systems®*. Studies in mice have shown 
interstrain differences in brain cyclic AMP which are 
genetically controlled and correlate closely with murine 
aggressive behaviour’. Additional evidence has 
accumulated to link cyclic AMP with central catechola- 
mine metabolism and behaviour’. The large increase in 
cyclic AMP with fighting is consistent with the multiple 
associations of aggression and cyclic AMP with central 
catecholamine metabolism. A potential causal and temporal 
relationship between the increase in cyclic AMP and in- 
creased noradrenaline turnover following fighting could be 
explored in future studies in the light of the increase in nor- 
adrenaline turnover following fighting observed by 
Stolk et al.’. 

The increase in cyclic AMP following footshock in the 
Escape paradigm should not be overlooked. It remains 
dwarfed, however, when compared with the magnitude 
of increase in the Fighting situation. Although our data in 
this study fail to demonstrate an increase in whole brain 
cyclic AMP after three daily injections of caffeine, it must 
be considered that an increase might have been statistically 
significant had a larger sample been used or a different time 
course for sacrifice chosen. Behavioural work” has shown 
that the greatest facilitation of shock-induced fighting 
following caffeine treatment occurs 4h after injection. 
Caffeine given under the conditions of our study neither 
suppressed nor facilitated the induction of whole brain 
cyclic AMP: rather, the behavioural setting and the 
behaviour arising out of it appeared prepotent. Our findings 
may have further implications for understanding mam- 
malian coping and aggressive behaviour. 

We thank John Gerling and William McKay of Gerling 
Moore, Inc. for their provision of the microwave source. 
This research was supported by a grant from the Office of 
Naval Research. J.B. is a recipient of a Research Scientist 
Development Award. 
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Spike after-hyperpolarisation of a 
sympathetic neurone is calcium sensitive 
and is potentiated by theophylline 


IN many neurones, calcium as well as sodium enters during 
the action potential’. Intracellular injection of calcium has 
been shown in several neurones to increase membrane con- 
ductance to potassium’*, and voltage clamp experiments 
have demonstrated that inward calcium currents can acti- 
vate outward potassium currents. The action potential in 
many nerve cells is followed by a slower after-hyper- 
polarisation (AH), which results from increases of one or 
more potassium conductances’. Therefore, calcium influx 
during an action potential might activate part or all of the 
subsequent AH” >", A calcium-dependent component of the 
AH has been demonstrated so far in myenteric plexus 
neurones'' and spinal motoneurones*. This component of 
the AH is blocked by Co, Mn’* and La**, which an- 
tagonise calcium influx'?*, but agents that potentiate such 
AHs have not been reported. We have used sucrose-gap 
recording’ to investigate the sympathetic ganglion of the 
bullfrog, and report here that the sympathetic neurones 
have a calcium-sensitive component of the spike AH. Fur- 
thermore, this calcium-sensitive potassium conductance is 
potentiated by theophylline, a drug known to affect cellular 
calcium metabolism. 

Figure 1 shows that 5mM theophylline considerably and 
reversibly potentiated the action potential AH in the sym- 
pathetic ganglion. The AH was increased whether the action 
potentials were generated by orthodromic B (Fig. la) or C 
fibre stimulation or by antidromic stimulation of the cells 
(Fig. 15). The predominant effect of theophylline was an 
enhancement of the AH duration. It increased the half-time 
for decay of the antidromically elicited AH up to 800%. 
The duration of the potentiated AH was inversely dependent 
on stimulus frequency, with maximal durations observed 
only when stimuli were administered more than 1 min apart. 
Theophylline enhanced the AH amplitude to a lesser extent, 
only increasing the peak amplitude of the antidromically 
elicited AH up to 150%. Additionally, theophylline often 
changed the AH shape from a smooth curve to one with 
an inflection point on the decaying slope (Fig. 25) or, at 
times, to a biphasic W-shaped curve with early transient and 
late slow components. The AH reached maximum potentia- 
tion within 15 min of the introduction of the drug and 
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i.p.s.p."", it does not affect the theophylline-potentiated AH. 
These data distinguish the theophylline-potentiated AH 
from the slow IPSP and suggest that the potassium con- 
ductance during the AH is prolonged by theophylline. 
The theophylline-induced potentiation of the AH was 
abolished by the removal of extracellular calcium. This was 
shown in two ways. First, as illustrated in Fig. 2b, the 
ganglia were superfused with a Ringer solution containing 
normal calcium and 5mM theophylline until maximal AH 
potentiation occurred. Then they were superfused with 
Ringer containing theophylline but no calcium. As can be 
seen, the AH was markedly diminished in duration and 
amplitude, becoming even smaller than the pre-theophylline 
control. The potentiated AH returned when calcium was 





Fig. 1 Effect of theophylline on the action potential AH. a, 
Upper: AH of synaptically activated action potential. Pre- 
ganglionic B fibres stimulated in the sympathetic chain rostral to 
the seventh ganglion with a single supramaximal stimulus. 
Middle: effect of theophylline on the AH 35 min after start of 
superfusion with Ringer solution containing 5 mM theophylline. 
Lower: AH 65 min after start of theophylline washout. b, Upper: 
AH of antidromically activated action potential. Postganglionic 
axons stimulated across the sucrose gap with a single stimulus. 
Site of stimulation at point where postganglionic axons exit 
ganglion and enter sucrose chamber. This is termed direct stimu- 
lation by Nishi and Koketsu!*. Middle: effect of theophylline on 
the AH 30 min after start of superfusion with Ringer solution 
containing 5 mM theophylline. Lower: AH 60 min after start of 
theophylline washout. c, Electrical polarisation of theophylline- 
potentiated AH. Action potential elicited as in a and recorded 
50 min after start of superfusion with Ringer solution containing 
3mM theophylline. Hyperpolarising current passed across suc- 
rose gap™*, Numbers to the left of each record indicate the hyper- 
polarising current x10~* A. Records in a, b, and c are from 
photographs of oscilloscope traces. Action potentials were lost 
in photographic reproduction. The experiments reported here 
were conducted on the tenth paravertebral ganglion of the bull- 
frog (Rana catesbeiana) by means of sucrose-gap recording*4. The 
composition of the Ringer solution was (mM): NaCl, 100; KCl, 
2; CaCl,, 1.8; Tris-HCI, 16, pH 7.2; and glucose, 1 g1~!. Calcium- 
free Ringer had the same composition except that CaCl, was 
omitted, The ganglion was continuously superfused with oxygen- 
ated Ringer solution. 


returned to control after superfusion with normal Ringer 
for 15-30 min. Theophylline did not significantly affect the 
amplitude of the action potential elicited by orthodromic 
stimulation. Stimulus artefact obscured the antidromically 
elicited action potentials, | 

Theophylline also potentiates the slow inhibitory post- 
synaptic potential (slow i.p.s.p.) in both bullfrog (our work, 
in preparation) and rabbit”? sympathetic ganglia. It is there- 
fore important to compare these two hyperpolarising poten- 
tials. The slow i.p.s.p. in bullfrog ganglia is generated by a 
decrease in sodium conductance and thus is potentiated by 
moderate hyperpolarising current. On the other hand, the 
action potential AH in frog ganglion cells has been shown 
to be generated by an increase in potassium conductance, 
and thus is decreased by hyperpolarising current’’"", Figure 
ic shows that moderate hyperpolarisation of the resting 
membrane potential progressively reduced and abolished the 
theophylline-potentiated AH. Amplifier limitations pre- 
vented the passing of further hyperpolarising current, Fur- 


thermore, although atropine (1 ug ml) blocks the slow 


Fig. 2 Effect of calcium-free Ringer solution on normal and 
theophylline-potentiated AH. a, Normal AH. Upper: AH of 
antidromic action potential; Middle: effect of calcium-free (0 Ca) 
Ringer 43 min after start of superfusion with calcium-free Ringer 
solution; Lower: recovery record 10 min after return to Ringer 
solution containing normal calcium. b, Effect of calcium-free 
Ringer on theophylline-potentiated AH. Upper: AH of amti- 
dromic spike potentiated by 5 mM theophylline; Middle: effect 
of calcium-free (0 Ca) Ringer containing 5 mM theophylline 33 
min after start of superfusion with calcium-free Ringer solution; 
Lower: recovery record, 1I min after return to Ringer solution 
containing normal calcium and 5 mM theophylline. Records in a 
and b from rectilinear pen recorder (Brush Model 280). Transient 
depolarisation consists of stimulus artefact and action potential; 
it was truncated for purposes of illustration. c, Effect of theo- 
phylline and calcium-free Ringer on AH on expanded time scale. 
m Normal AH of antidromic spike: ........., effect of 
calcium-free Ringer on normal AH; — —- -—— -——-, effect of 5 mM 
theophylline on normal AH. Tracings of oscilloscope records. 
From the same experiment as a and A. 
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restored. Second, ganglia were superfused with calcium-free 
Ringer for more than 4h. At that time the addition of 
3$mM_ theophylline did not significantly alter the anti- 
dromically elicited AH. 

Figure 2a shows that the AH elicited by antidromic 
stimulation in normal Ringer decreased in duration and 
amplitude during superfusion with calcium-free solution. 
This effect was reversed on readdition of calcium to the 
superfusate. The AH elicited in calcium-free Ringer 
resembled that elicited in 5mM_ theophylline-calcium-free 
Ringer (Fig. 2b) although there was some variability in the 
comparative amplitudes from experiment to experiment. 

Figure 2c compares the AH, on an expanded time scale, 
in calcium-free Ringer, in normal calcium Ringer, and in 
normal calcium with 5 mM theophylline, as recorded by the 
sucrose gap’. This technique records the membrane poten- 
tials of the population of ganglion cells. In experiments with 
intracellular recording from sympathetic ganglion cells, the 
removal of extracellular calcium markedly decreased the 
duration but not the amplitude of the AH (our unpublished 
observations with J. Schulman). This suggests that the 
decrease in AH amplitude in calcium-free Ringer recorded 
by the sucrose-gap technique is due to the summation of a 
temporally dispersed population response. 

Our data show that the repolarisation phase of the AH 
in frog sympathetic ganglion cells depends on extracellular 
calcium. Koketsu and Nishi” demonstrated previously that 
calcium as well as sodium can enter these neurones during 
an action potential. This suggests that calcium influx during 
the action potential activates a potassium conductance that 
prolongs the duration of the AH. Alternatively, calcium 
influx may control the rate of inactivation of the AH potas- 
sium conductance. In the experiments reported here, we 
also found that theophyHine greatly potentiated the calcium- 
sensitive potassium conductance. Theophylline may increase 
the stimulus-induced entry of calcium into these neurones, 
as it does in other tissues’’*’, thus augmenting the activa- 
tion of the potassium conductance; however, we cannot 
exclude other possibilities, for example that theophylline 
enhances the calcium sensitivity of the AH potassium 
conductance. 

Theophylline inhibits cyclic nucleotide phosphodiesterases 
and potentiates cyclic nucleotide-dependent processes in 
many tissues”, Cyclic nucleotides may be involved in cel- 
lular calcium metabolism’:* and could play a role in the 
augmentation of the AH by theophylline. In cardiac 
Purkinje fibres theophylline and cyclic AMP increase both 
a slow inward current carried by calcium and sodium and 
a slow outward current carried predominantly by 
potassium”, 

Calcium-sensitive potassium conductances modulate the 
excitability and the repetitive firing of neurones "iS, 
Theophylline may therefore prove to be a useful tool for 
investigating regulation of neuronal activity and 
responsiveness. 

We thank J. A. Nathanson, J. A. Schulman and P. A. 
Smith for helpful discussions. 
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Phosphorylation of myelin basic 
protein by vaccinia virus cores 


PROTEIN kinases, catalysing the transfer of the y phosphate 
from ATP to serine and threonine residues in protein substrates 
have been described in several enveloped viruses!~*. Vaccinia 
virus contains a protein kinase that has recently been well 
characterised: it is located within the viral core, is not stimu- 
lated by cyclic mononucleotides and phosphorylates at least two 
viral acceptor proteins. The biological functions of the protein 
kinase and acceptor proteins are unknown, but it is possible 
that the viral protein kinase could also act on host proteins, thus 
providing a mechanism by which the virus could modify or 
control host processes on infection’. Vaccinia virus can induce 
a demyelinisation after experimental infection, but the mechan- 
ism for this is poorly understood®. It has been suggested that 
direct viral action on membranes may have a role in the patho- 
genesis of virus-induced demyelinisation®. We have therefore 
investigated the ability of vaccinia virus cores to phosphorylate 
human myelin membranes in an in vitro system and report here 
that they can phosphorylate purified myelin basic protein as 
well as basic protein in the myelin sheath. 

Purified myelin basic protein was found to be an excellent 
substrate for the core-asseciated protein kinase (Figs | and 2a), 
No activator was needed, which suggests that myelin basic 
protein functions both as an activator and as a substrate’. The 
almost quantitative recovery of the radioactivity from the TCA 
experiments (Fig. 1) in the peak corresponding to the myelin 
basic protein on SDS gel (Fig. 2a), shows that the more than 
tenfold increase in **P-incorporation observed with added 
myelin basic protein, compared with core alone, represents 
phosphorylation of the myelin basic protein and not an increase 
in *2P-incorporation in core proteins. It is possible that part of 
the phosphorylation of soluble myelin basic protein might 
actually be phosphorylation of histone contaminants. This 
seems rather unlikely, however, because the myelin basic 
protein used migrated as a single band on disc gel electrophoresis 
at acid pH and radioactivity was found only in the slices 
corresponding to the myelin basic protein on polyacrylamide 
gel electrophoresis in sodium dodecy! sulphate (SDS) (Fig. 2a). 
The addition of cyclic AMP or 8-bromo cyclic AMP (a cyclic 
AMP analogue more resistant to phosphodiesterase) did not 
stimulate the reaction (data not shown). Following a 1-h 
incubation, a total of 0.5 mol of phosphate was incorporated 
per mol of myelin basic protein. Determination of the isoelectric 
point of the myelin basic protein, by extrapolation to zero of the 
(pH-dependent) mobilities on analytical cellulose acetate 
sheets!!, showed a significant change in the isoelectric point 
from 10.8 for the native myelin basic protein, to 10.4 for the 
phosphorylated protein. The phosphorylated fraction was 
eluted from the cellulose acetate strip and contained 1 mol of 
phosphate per mol of myelin basic protein. 

So far, the demonstration of a direct phosphorylation of host- 
cell components by a viral protein kinase has been hampered 
by the high level of endogenous protein kinase activity present 
in most in vivo or in vitro systems'®, This endogenous activity 
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present in myelin membranes in our system can be completely i i 

inactivated by mild heating!®!*, We have shown that such lq | 

heated membranes can be used as a substrate for exogenous 140- | 

enzymet, thus allowing us to test the ability of the core- | | 1.0 
Í 


associated protein kinase to phosphorylate the myelin basic | 
protein in an environment reflecting the native structural state. 120 — 
Using such heat-inactivated myelin membranes there was a | 
significant increase in P incorporation with added myelin 
membranes, compared with core alone (Fig. 1). Analysis of the 
phosphorylated products on SDS-polyacrylamide gel electro- | 
phoresis (Fig. 2b) shows incorporation of radioactivity over the g0 i 
band corresponding to the myelin basic protein. It is interesting 
that the viral protein kinase shows the same specificity as the l 
endogenous protein kinase of myelin!®, because the other major 60 | 
myelin proteins show no incorporation of radioactivity. | 
We observed a much lower phosphate incorporation with 40~ 

| 

| 

| 


0,5 


myelin membranes than with isolated myelin basic protein. 
After incubation for 60 min, 29.7 nmol °?P-phosphate per mg eh 
myelin basic protein was incorporated when isolated myelin 20-4 
basic protein was used as a substrate and 4.25 nmol when myelin | / 
membranes were used. Steric factors must therefore play a 1 
major part in the incorporation of **P, since our system can 

be compared with a solid-state reaction between the enzyme, | 
bound to the large viral core (molecular weight ~ 2 x 10°) and 

the membrane-associated substrate. In the final step of our z 
core preparation non-ionic detergents were removed, to prevent 
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Fig. 1 Time course of °*P incorporation with core alone (A), 
core and heat-inactivated myelin membranes (MM) and with core 5-4 
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and isolated myelin basic protein (@). The reaction mixture’, 
with a final volume of 250 ul contained 50 mM Tris-HCl, | 
pH 10.25, 5mM dithiothreitol, 5 mM MgCl, 0.5 mM 7-*#P- 4~ 
ATP (30-90 c.p.m. pmol~!), 30 pg of core protein and either 
-~100 ug of heat-inactivated myelin protein or 30 ug of purified 
myelin basic protein. Incubations were carried out at 34 °C. 
Reactions were terminated with 2.0 mi of 10°, trichloroacetic 
acid (TCA) containing 0.06 N sulphuric acid. The material was 
collected on Millipore filters (0.45 um), washed extensively, dried 
and counted in 10 ml of Aquasol in a liquid scintillation counter. 
Separate blank values, determined for different substrates, were 
always subtracted. Incubation of heat-inactivated myelin 
membranes alone for up to 1 h with the total reaction mixture 
gave the same value as the corresponding zero blank with added 
enzyme, Vaccinia virus (strain WR) and cores were prepared by 
slight modifications of the procedure described by Paoletti and 
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Moss’. Myelin was prepared from human brain (white matter) 10. 20 30 40 50 
by the method of Norton*. Heat inactivation was at 35 °C for 
$ min and any broken membranes were removed by recentrifuging Slice no. 


the heated membranes over a discontinuous sucrose gradient and 

collecting only the material banding at 0.85 M sucrose. Myelin 

basic protein was prepared from bovine brain® using Cellex-P 
column chromatography as a final step. 


tt 


Fig.2 Absorbance (—) of 7.5% polyacrylamide gel in 0.1% 
SDS and the corresponding radioactivity of °*P-phosphorylated 
products (@). Arrow denotes myelin basic protem. The reaction 
mixture is as described in Fig. | but with a final volume of 1,000 pd; 
incubation was for 60 min at 34 °C. a, Incubation mixture con- 
tained 120 ug of purified myelin basic protein and 120 ug of core 
protein. At the end of the incubation, the mixture was cooled on 
ice, transferred in a centrifugation tube and the core pelleted 
through 0.85 M sucrose. The supernatant, containing the myelin 
basic protein, was collected, precipitated with TCA, washed with 
ethanol-water 9:1 and the resulting pellet solubilised for electro- 
phoresis as described previously, About 10 ug of protein was 
applied for electrophoresis. b, Incubation mixture cantained 
400 ug of heat-inactivated myelin membranes (prepared as 
described in Fig. 1) and 120 ug of core protein. After incubation 
the mixture was ice cooled, transferred in a centrifugation tube 
and the core pelleted through 085M sucrose. The myelin 
banding at 0.85 M sucrose was collected and solubilised for 
electrophoresis. About 100 ug of protein was applied for electro- 
phoresis. Preparation of gels, staining and destaining were as 
described previously®. Gels used to measure radioactivity were 
cut into 2-mm slices and the fractions solubilised in a toluene- 
based scintillation fluid containing a solubiliser (Protose!). Blank 
values obtained for the different substrates without enzyme were 
subtracted. Scanning was at 530 nm using a Zeiss spectrophoto- 
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any solubilisation of core components. Jn vivo, however, the 
core dissolves during infection with the subsequent release of its 
components", Very little is known about the fate of many of the 
viral enzymes, but it has been shown that virus-induced modi- 
fication of host membranes is not dependent on virus multi- 
plication, host RNA or protein synthesis®. It is thus tempting to 
speculate that phosphorylation of myelin membranes by an 
enzyme system that is not dependent on endogenous concentra- 
tion of cyclic nucleotides may occur in vivo. This might have a 
profound effect on myelin structure and function, 

As regards the biochemical mechanisms of pathogenesis, the 
role of the viral protein kinase may involve action on: (1) myelin 
basic protein, (2) nuclear histones or (3) mitochondrial cyto- 
chrome c, since the enzyme shows a strong proclivity for basic 
proteins’ and is not specific to myelin basic protein. Whether 
the phosphorylation of the myelin basic protein, an encephalito- 
genic protein, by the vaccinia core-associated protein kinase, is 
relevant to the demyelinisation observed after experimental 
vaccinia virus infection remains to be determined. 

This work was supported by grants from the Swiss National 
Fund. We thank Dr R. M. Franklin for stimulating discussions 
and R. Tschannen for the preparation of vaccinia virus cores. 
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Ribonuclear protein formation at 


locus 2-48 BC in Drosophila hydei 


IN Drosophila hydei salivary glands, a puff can be induced by 
treatment with vitamin B, (ref. 1) at locus 2-48 BC. This puff 
is one of the series that can also be induced by temperature 
shock, anaerobiosis or treatments interfering with the res- 
piratory metabolism®. A product of this puff seems to be a 
giant ribonucleoprotein (RNP) complex (diameter up to 
4,000 A) with a very specific morphology”. This complex 
consists of a core and a cortex, formed by a wreath of small 
particles (diameter approximately 300 A; ref. 4). Cytochemical 
analysis has shown that the core of the complex is essentially 
free of RNA whereas the cortex does contain RNA*. Using 
phospho-tungstic acid (PTA) as a specific stain for proteins, it 
could also be shown that the proteins from the cortex are rela- 
tively rich in arginine and lysine residues whereas those in the 
core are relatively poor in such residues. No similar puff pro- 
duct has so far been found in any other locus of D. hydei. In 
addition to the giant RNP complexes small RNP particles (dia- 
meter up to 300 A; not to be confused with the particles from 
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Fig. 1 Staining of RNP from locus 2-48 BC in puff and nucleo- 
plasm (insets). a, b and c, RNP particles and complexes in 
puff 2-48 BC. Magnifications: a, b and c: 15,360; insets: 
x 48,000. Glands were isolated by hand. Puffs were induced by 
incubation for 3h in Poels medium containing 5x10-*M 
vitamin B, (ref. 1). After fixation in 3% glutaric aldehyde in 
sodium cacodylate buffer (pH 7.2) for 30 min at 4 °C, followed 
by | h at room temperature, glands were dehydrated and em- 
bedded in Epon‘, sectioned with an LKB ultratome III and 
examined using a Philips EM 201. Stainings were as follows: 
a, 3% aqueous uracil acetate for 10 min and subsequently for 
0.5-1 min in alkaline lead citrate’; b, after fixation and dehydra- 
tion, with 3% PTA in ethanol at 0 °C overnight’; after washing 
twice with cold ethanol, glands were embedded and sectioned 
as described above; c, fixation and washing (twice) with distilled 
water; staining with 5% aqueous PTA (adjusted to pH 1 with 
concentrated HCl) for 3h at room temperature (modified from 
Palladini et a/.™), followed by three rinses with distilled water, 
dehydration, embedding and sectioning as described above. 


the cortex) can also be seen in this puff*®. A comparison of data 
from both ultrastructural and autoradiographical studieson RNA 
formation at locus 2-48 BC has led to the conclusion that the 
small RNP particles present in this puff aggregate to the giant 
RNP complexes and thus give rise to the final puff product®. 
This conclusion is in agreement with the finding of a single 
RNA species in puffs obtained by microdissection of salivary 
glands’. Although the small RNP particles in the puff have not 
been studied extensively, it has been assumed that, based on the 
presence of RNA and arginine and lysine residues, the small 
particles form the cortex of the complex®, leaving the origin 
of the cortex proteins still obscure. Here I present the results 
of a comparison between the staining of the small RNP par- 
ticles with that of the components of the giant complexes. 
These studies indicate that the same components of the small 
RNP particle become part of the core of the complex after 
aggregation. 

After induction of puff 2-48 BC with 5x 10~? M vitamin Bg, 
glands were prepared for electron microscopy. A comparison 
was made between staining with uracil acetate—lead citrate 
(on grids), PTA in ethanol (on block) and aqueous PTA at 
pH 1 (on block), (Fig. 1). The results are summarised in Table 1. 

It is clear that with all the three staining methods the small 
RNP particles stain densely. The staining with PTA was in- 
dependent of the presence of RNA since neither RNase 
treatment (on block, followed by a mild TCA extraction), 
nor alkaline (0.1 M NaOH for 24h at 25 °C) nor acid (TCA 
5%, 24h at 25 °C) hydrolysis markedly affected the staining. 
Thus the proteins in the small RNP particles in the puff can 
bind PTA in alcoholic as well as in aqueous solutions at pH 1. 
In the complex the proteins attached to the RNA in the cortex 
can still bind PTA in alcoholic solutions but the binding 





Table 1 Staining intensity of RNP particles present in locus 2-48 BC 
BEEP EEE EOIN A ER A: TET 
Small RNP Giant complexes 


Stain particles Core Cortex 
Uracil acetate—lead citrate + +4 +- ++4 }. 4. 
PTA, alcohol 4 + +++ 
PTA, aqueous + + + ++ + 


CC CCl Cll DDD 
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capacity for PTA in aqueous solutions is largely lost. The 
proteins in the core of the complex cannot bind PTA in alco- 
holic solutions, but do bind, like the small RNP particles, PTA 
in aqueous solution. From these data it can be inferred that, 
during aggregation, the small RNP particles lose an aqueous 
PTA-binding protein that is found later, after aggregation, 
in the core of the complex. The proteins in the core of the 
complex must therefore be assumed to derive, at least in part, 
from the small RNP particles. Other explanations for these 
observations, such as an exchange of RNP proteins with 
nucleoplasmic proteins, remain possible but are unnecessarily 
complicated. Moreover, structures resembling the core of the 
complex have never been observed separate from the complex. 
Since, in this kind of study, the available techniques do not 
permit quantitative analysis on the ultrastructural level, no 
conclusion can be drawn with respect to the amount of protein 
involved in the formation of the core of the complex. The 
presence in the complexes of nucleoplasmic proteins, besides 
the proteins derived from the RNP particles, cannot be excluded. 

Since the giant complexes can be found in a well defined area 
within the puffed region®*, an involvement of the genome in the 
aggregation process could be postulated, but no evidence for 
such an involvement is available. So far, data concerning a 
possible function of the aggregation process and the proteins 
involved in it are also lacking. Such an analysis must await 
biochemical analysis of isolated complexes. It is not clear to 
what extent the changes in protein composition in this particular 
RNP product can serve as a model for RNP formation in 
general but the formation of this special gene product shows 
that RNP production can be very complicated, more so than 
is generally understood from the biochemical data available 
at this moment. 

I thank Dr N. H. Lubsen for comments. 
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Long range homogeneity of physical 
stability in double-stranded DNA 


We present here evidence for the existence of regions with 
homogeneous physical stability (homostability regions) in 
double-stranded DNAs. Results of a study on the thermal 
melting of whole replicative form DNA from fd phage and 
of its fragments obtained by the action of restriction 
enzymes, strongly suggest that regional homostability seems 
to be an intrinsic characteristic of DNA, playing an essen- 
tial part in its genetic activities. 

A sequence of A-T and G-C paired bases that stabilises 
two nucleotide chains into one double-helical conformation 
is responsible for both the biological and physical charac- 
teristics of DNA; that is, the genetic information is ‘written’ 
by a variation of that sequence on the one hand, and the 
physical stability of the double-stranded structure is deter- 
mined by the base composition on the other hand. An 
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indication of the second characteristic is that the melting 
temperature 1s known to increase with the G+C content. 
These properties of double-stranded DNA open up a possi- 
bility of probing the genetic structure by means of purely 
physical observations. 

A series of studies on the local stability of a DNA has 
been carried out by a thorough measurement of hyper- 
chromicity caused by the unfolding of the double strand 
with increasing temperature. Several distinctive features 
which have been obtained are: (1) Thermal melting is not 
a continuous process, but consists of a set of discrete steps 
(refs 1—4 and refs therein). In the case of a relatively short 
DNA such as A-DNA (46,000 base pairs), it appears as 
several sharp peaks over a broad background in a differen- 
tial display, each of which corresponds to a unit or units of 
melting having the same stability. (2) Spectral analysis of 
each peak has shown that the local G+C content in the 
homostability region is a major determining factor of its 
melting temperature (C. Akiyama, O.G., and A.W., un- 
published). The Marmur—Doty relationship between the 
melting temperature and G+C content for whole DNA, 
also holds for localised melting within a DNA molecule. 
(3) The homostability regions also exist in long DNAs (ref. 


Fig. 1 A, Melting profile of whole DNA (RF-linear) of fd 
phage; B, after digestion by RAinHI1; that is, a mixture of 
HinHA+- HinH B+ HinHC (bold solid line); C, profiles of 
separated fragments, HinHA (white area), Hin HB (hatched area) 
the and HinHC (black area), respectively. The scales of the 4 are 
same as Band C. Buffer solution: 0.1 x SSC. Doubly closed repli- 
cative form (RF) DNA of fd phage was cleaved by three different 
restriction enzymes (RHindi], RHiaHI, RAHapll), and linear 
RF DNA produced by R Hindli, three fragments produced by 
RHinHI (HinHA, HinHB, HinHC), and the longest fragment 
produced by RHapll (HapA) were prepared as in ref. 5. Top 
right, the HindII cleavage site and region covered by each 
fragment are indicated together with an approximate location 
and size of fd genes®**, (Roman numerals indicate the gene 
number.) Melting profiles were obtained with a minicomputer 
controlled on-lined melting plotter*. The displays are made in 
the differential form d(1-9)/dT against 7. where @ is helix 
content, T temperature, and (1 - 6) for the fragments is defined 
as (1-8) = (1~8)x(length of fragment/length of whole 
DNA). 
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Fig. 2 Melting profiles of HapA (©), and of HinHC (@) 
fragment which is totally involved in HapA. 


4 and O.G., S. Yabuki and A.W., unpublished), although 
the fine structures in the melting profile become obscure, 
probably because of random overlapping of the clustered 
peaks. The existence of the homostability region seems to 
be a general attribute of the DNA. (4) Studies on the DNA 
from deletion mutants have shown that a single peak in 
the melting profile can result from the melting of one or 
several homostability regions’*. (5) From a computer simu- 
lation for model DNAs of given sequences’, it is strongly 
suggested that a long range homogeneity in the base 
sequence (>500 base pairs) is necessary to produce a single 
sharp peak similar to those observed in our experiment. 
Here “homogeneity” does not mean either a regularly 
repeated sequence or homopolymers, but refers to a fairly 
long sequence consisting of over 500 base pairs in which 
A-T and G-C pair sequences alternate at frequent intervals 
made up of no more than a few base pairs’. 

In addition to the facts mentioned already, much new 
evidence, obtained with a much shorter DNA from fd phage 
and its fragments made by restriction enzymes’, have made 
the characteristics of regional homostability much clearer. 

The most distinctive feature of the differential melting 
profile of the whole fd-DNA (RF-linear; 6,000 base pairs) 
is that all the peaks are very sharp and well separated from 
one another (Fig. 14). By the action of the restriction 
enzyme RHinHI on the DNA (RF-circular), the melting 
profile changes to yield a set of different, but still sharp 
and well separated peaks (Fig. 1B, bold line). The individual 
melting profiles of each digestion product, HinHA (~3,500 
base pairs), HinHB (~1,800 base pairs), and HinHC 
(~700 base pairs), were measured after separation by gel 
electrophoresis, and are shown together in Fig. 1C. The 
genetic map is also shown, to allow location of the frag- 
ments in it. These three digestion product melting pro- 
files, when summed, are found to agree with the profile of 
the mixed DNA (Fig. 1B). There are, however, not quite 
additive enough to reproduce that of the whole DNA (RF- 
linear) (Fig. 14). Figure 2 shows the melting profile of 
HapA, the fragment produced by a different digestion pro- 
cess, compared with HinHC, and from the map shown in 
Fig. 1, HinHC is totally involved in HapA. 

These experimental results from the fragments indicate 
that the homostability region is not uniquely defined by 
short range stability of the double-stranded DNA. A long 
range interference between the homostability regions may 
come through the loop entropy and electrostatic interaction 
of the melted region between them. 

From the results, together with the genetic map, we may 
now conclude the following. (1) The DNA is found to con- 
sist of a number of homostability regions which come from 
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homogeneous base sequences consisting of 500 base pairs 
or more. (2) One genetic unit (the operon) may contain 
one or a few homostability regions. (3) Sometimes different 
genetic units have homostability regions with the same 
degree of stability. (4) A homostability region exerts the 
influence of the melting to other regions away from it, 
which sometimes produces splitting or coalescence of peaks. 
For instance, the highest peak of HinHA splits into two 
peaks in the profile of whole DNA, probably because of 
cleavage by RHindIl. 

Location of the homostability regions on the DNA and 
the elucidation of the mechanism of interactions among 
these regions are an interesting subject for the study of the 
statistical mechanics of DNA chains. 

Biologically, it is hard, if not impossible, to believe that 
such regional homostability originates in a fundamental 
characteristic of the genetic code itself. It is quite plausible, 
however, that the homostability region plays an important 
part somewhere in the biological process within which the 
DNA is closely related. If so, then the evolutionary selective 
force can be considered to have fixed such regions in DNA. 
From the size of the homostability region, recombination’ 
might be one possible process which is aided by it. In any 
case, the wobble bases must give the necessary redundancy 
to make a homostability region without spoiling the bio- 
logical meaning of the genetic code: the activity of 
proteins. 
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Specific cleavage of chloroplast DNA from 
higher plants by EcoRI restriction nuclease 


THE physicochemical properties of chloroplast (cp)-DNA 
in higher plants have been reported’™*, Cp~-DNAs occur as 
closed circles of molecular weight 85 x 10°-97 x 10°. Specific 
identification of cp-DNAs isolated from different plants 
cannot, however, be carried out on the basis of buoyant 
density, melting points, kinetic complexity or direct length 
measurement by electron microscopy, since each of these 
techniques give values which fall within narrow limits, and 
only overlap with one another a little’. 

The analysis of restriction nuclease digests by gel electro- 
phoresis provides a very sensitive test to compare small 
DNA molecule species’. This technique has been applied 
successfully to various animal mitochondrial DNAs*® and to 
mt-DNA of wild and petite yeasts’. We show here that 
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Fig. 1 Agarose gel electrophoresis of EcoRI digest of cp-DNAs from leaves of: a, pea; b, spinach; c, tobacco, N. tabacum var. Samsun: 
d, maize; and e, wheat. AplacS DNA digest (f) was used as a standard for molecular weight determination. The arrow indicates the direction 
of electrophoresis. Isolation of chloroplasts, DNA extraction from DNase-treated organelles and two-step CsCl ethidium bromide (or 
propidium di-iodide) gradient centrifugation of cp-DNA have been described previously*. The drug was removed using freshly redistilled 
butanol saturated with 0.01 M EDTA pH 8. DNA samples were then dialysed against three 500-ml changes of 0.1 M NaCl, 0.05 M Tris. 
0.01 M EDTA pH 8.0. The cp-DNAs were pelleted at 35,000 r.p.m. for 10 h in a SW41 rotor after adjusting the NaCl concentration to 1 M. 
cp-DNA pellets were then dissolved in 0.1 M Tris, 0.001 M EDTA pH 7.5 and cleared by centrifuging for 30 s at 20,000g. The yields were 
about 30-50 ug of supercoiled cp-DNA per 100 g of leaves, depending on the plant species. DNA samples were analysed for purity and 
concentration by analytical CsCl gradient and were checked for circularity by electron microscopy’. To 20 ul of purified cp-DNA (2-3 ug 
DNA) were added 20 ul of 0.1 M Tris, 0.03 M MgSO, pH 7.5 and 5 ul of EcoRI endonuclease (enough enzyme to give a limit digest of 
10 pg of A DNA). Digestion was carried out at 37 °C for 3 h. The reaction was stopped by addition of EDTA to a final concentration of 
15 mM and cooling to 4 °C. Each sample was treated with one volume of water-saturated phenol. Solid sucrose was added up to 20% 
and samples were layered on top of cylindrical 0.7% Agarose gels (type I, Sigma), 8 mm in diameter and 35 cm in length. Electrophoresis 
was carried out in 0.05 M Tris, 0.02 M Na-acetate, 0.002 M EDTA pH 8.05 (with glacial acetic acid) plus 0.18 M NaCl (ref. 5) at 100 V 
for 15h, by which time, the bromophenol blue marker is ~ 4 cm from the bottom of the gel. Gels were extruded gently from the plastic 
tubes and stained in darkness for 2 h in the electrophoresis buffer supplemented with 1 ug ml— ethidium bromide. They were than layered 
on a black background, illuminated at 254 nm with a Camag TL 900 ultraviolet lamp and photographed through an orange glass filter 
(Wratten 77 A) on Kodak Tri X 35-mm film. Microdol X was used for development (10 min). 


cp-DNA extracted from different higher plants can be 
characterised and distinguished easily by gel electrophoresis 
of EcoRI digests. 

Pisum sativum var. trés hatif Annonay nain, Spinacia 
oleracea var. Monstrueux de Viroflay, Nicotiana rustica 
var. Pavoni, Nicotiana tabacum var. Samsun, Nicotiana 
glauca, Zea mays var. INRA 200, Triticum aestivum var. 
Capitole, were grown in a greenhouse. Chloroplasts were 
extracted from leaves (deribbed for spinach and tobacco) 
and cp-DNA isolated from DNase-treated cp-pellet accord- 
ing to a procedure already described’, except that the two- 
step differential centrifugation used in organelle purification 
was repeated. The supercoiled cp-DNA was isolated as the 
lower ultraviolet fluorescent band of ethidium bromide (or 
propidium di-iodide) CsCl gradients. cp-DNAs were 
concentrated by pelleting after removal of drug and the 
purity was checked by analytical CsCl gradients (unimodal 
distribution). Control of circularity was achieved by Klein- 
schmidt spreading and positive staining with acid-alcoholic 
uranyl acetate’. The purified cp-DNAs were then digested 
by EcoRI endonuclease and the digest analysed by electro- 
phoresis on 0.7% Agarose cylindrical gels. The EcoRI 
restriction fragments of AplacS DNA were used as mol- 


ecular weight standards’. Gels were stained with ethidium 
bromide and ultraviolet fluorescence photographs were 
taken. 

Figure 1 shows the electrophoretic pattern of the cp 
DNAs isolated from pea, spinach, tobacco (N. tabacum 
var. Samsun), maize and wheat. Some 30 distinct bands 
were resolved in each case, about 25 moving more slowly 
than, or with, the bromophenol dye. The same number of 
bands was obtained whether electrophoresis was achieved 
on 35-cm or 60-cm Agarose gels. The cp—-DNA of a given 
plant seems to be characterised by a specific digestion 
pattern and so may be easily distinguished from that of 
other plants belonging to different genera. 

The characteristic band patterns of various cp-DNAs 
isolated in this way from several higher plants were found 
to be easily reproducible. For example, several independent 
preparations of cp-DNA have been made for each plant 
mentioned above. Separate digestions of these cp-DNAs 
were performed and the resulting band patterns found to 
be invariant. Identical patterns were obtained for a given 
plant with incubation times of cp-DNA in the presence of 
the EcoRI enzyme ranging from 1h to 6 or 12h 

The molecular weights of EcoRI fragments from 


Fig. 2 Agarose gel electrophoresis of EcoRI digests of cp-DNAs from deribbed leaves of a. Nicotiana rustica var. Pavonii: b, Nicotiana 

tabacum var. Samsun; c, Nicotiana glauca; d, native cp-DNA of Nicotiana tabacum var. Samsun, a small spot (Star) of ethidium bromide 

was superimposed on the bromophenol blue before taking the ultraviolet photograph. Arrow indicates the direction of electrophoresis. 
Isolation of cp-DNAs, endonuclease digestion and electrophoresis of DNA fragments were performed as described in Fig. | 
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cp-DNAs shown in Fig. 1 have been determined from 
both their mobilities relative to AplacS EcoRI fragments 
and from their length as measured by electron microscopy 
after gel slicing and DNA recovery. The sum of the band 
sizes for each electrophoretogram of the Fig. 1 is 
38x 10°45 10° daltons, according to the plant, the 
monocots giving the lowest values. Such molecular weights 
represent only about half the molecular weight already 
estimated from the contour length of the native cp-DNA 
molecules and from the reassociation kinetics'’; monocots 
displaying the lowest values here also. The fluorescence 
intensity of the bands does not decrease steadily with 
decreasing molecular weight fragments. Some bands exhibit 
a fluorescence intensity higher than expected and it is 
likely that these bands are multiple. Experiments with 
radioactive cp-DNA are required to state the band 
multiplicity precisely. 

The characteristic band patterns produced after EcoRI 
digestion of cp-DNA from three plants of the genus 
Nicotiana (N. rustica var. Pavonii, N. tabacum var. 
Samsun, N. glauca) are presented on Fig. 2. It is noticeable 
that the three patterns are very similar, although not 
identical. A difference involving a few bands (indicated 
on Fig. 2) allows the recognition of each Nicotiana species, 
Gel electrophoresis of EcoRI digests provides an extremely 
sensitive method to evidence intergenera as well as 
intragenus differences at the cp-DNA level. 

This method should be very useful to (1) demonstrate 
the function of cp-DNA by illustrating the association of 
genetic markers with individual groups of restriction 
fragments; (2) confirm the nature of parasexual hybrids; 
(3) analyse the phylogeny within some important genera; 
and (4) elucidate the origin of male sterile line. 

We thank Dr H. Fukuhara for a gift of EcoRT endonu- 
clease and Dr Tiollais for the AplacS DNA used in these 
studies. 
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New method of detecting 
singlet oxygen production 


SINGLET oxygen is receiving increasing attention as a reactive 
species in many chemical or biological reactions (see refs 1-3 
for recent reviews). We report here a new method for detecting 
the formation of singlet oxygen by the generation of stable 
nitroxide radicals from sterically hindered amines. 

Excited oxygen (singlet oxygen) can be produced for example, 
by microwave discharge in the gaseous phase‘, by chemical 
reactions (the first reported one being the hypochlorite-H,O, 
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reaction®) or by energy transfer from triplet states of sensitisers 
according to the following scheme? 


*Sensitiser + 3O, > 'Sensitiser +-'O, 


Singlet oxygen can be identified as an intermediate in a given 
reaction by (1) the quenching effect of the azide ion (kg = 
292%108M-s7! in methanol’); (2) the enhancing effect of 
deuterated solvents’; (3) the identity of the oxidation products 
of a substrate to those obtained in a reaction known to involve 
singlet oxygen’. 

Quenchers other than NaN, have also been studied. Among 
these, amines constitute a separate class, probably because they 
are highly specific for the 'A, state®. Typically, their quenching 
rate constant (ką) ranges from 10-10 Ms! (ref. 8). 
The quenching mechanism has not been fully elucidated, 
however. The existence of a charge transfer complex between 
the amine and the singlet oxygen molecules has been proposed ; 
the rationale for such an hypothesis is the good correlation 
found between log k, and the ionisation energy of the amines’, 
Since such complexes are reversible, the amines are usually 
considered as inert quenchers®. A fairly new class of stable 
free radicals, the nitroxides, are, however, commonly syn- 
thetised by oxidation of sterically hindered amines’. The high 
specificity of amines for !A, and the possibility in some particular 
cases of stabilising the oxidation products, led us to try a new 
method in which stable nitroxide radicals would be generated 
by reaction with singlet oxygen and would be easily detectable 
by electron spin resonance (ESR) spectroscopy. 

In our experiments, singlet oxygen was produced either 
through the classical chemical reaction between H,O, and 
NaOCl or by energy transfer, and 2,2,6,6-tetramethylpiperidin 
was added to the medium. A slight ESR signal was already 


Fig. 1 Nitroxide concentration against duration of light exposure 
A, Proflavin; @, toluidine blue; x, fluorescein; A, retinal; 
ri. xanthotoxin; ©, without sensitiser. Sensitiser concentration, 
10-2 M; 2,2,6,6-tetramethylpiperidin concentration, 1.15 


10-1 Ms nitroxideconcentration beforeillumination,0.3 x 107+ M. 

Light source, Osram HBO 500; filters, Schott WG 345 and KG1; 

total incident intensity (300-800 nm): 14 x 10% photons cm7* s~? 
(by chemical actinometry). 
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Fig. 2 Nitroxide concentration against duration of light exposure 
in the presence of 107? M retinal. 2,2,6,6-tetramethylpiperidin 
concentration 1.15x10 M; nitroxide concentration before 
illumination, 0.3 x 10-*M. O, CD,CD,OD; ©, CH,CH,OH; 
@, CH;CH,OH+ NaN, (concentration, 107? M). Hlumination 
conditions are the same as in Fig. 1. The lag period observed in 
deuterated ethanol can be interpreted in terms of a buildup 
period for singlet oxygen steady-state concentration. Inset: 
ESR spectra before (...)} and after (—) illumination. Micro- 
wave power 4 mW; MORNAR Bae | gauss; temperature 
2C. 


observed before any reaction. This spectrum characterises 
nitroxide free radical? present as an impurity in the com- 
oe product (Aldrich); its concentration does not exceed 
0.3 %o. 

When the chemical reaction is performed in the presence 
of the amine, free radical production occurs. The correspond- 
ing ESR spectrum is identical to the one observed before reaction 
but its intensity is greatly increased. This suggests that it is 
the presence of singlet oxygen which leads to nitroxide forma- 
tion. 

For testing. the photochemical process, various sensitisers 
were studied. Toluidine blue and fluorescein are known to 
generate 'O, (refs 11 and 12). It has only been suggested that 
retinal and proflavin are able to do so?™", On the other hand, 
although there are some indications that furocoumarins do 
not react with oxygen in biological sensitisations Poppe and 
Grossweiner recently’* attributed lysozyme photodynamic 
inactivation to singlet oxygen generated by energy transfer 
from xanthotoxin triplet state; this latter compound was 
therefore studied. 

Photochemical experiments were performed mainly in 
ethanol. One millilitre of sensitiser solution (1 mM) was 
introduced into rectangular quartz cuvettes (1x 1cm) and 
20 ul of amine were added. Aliquots were taken in calibrated 
capillaries (Drummond microcaps 50 pl) before exposure to 
light and after different exposure times. Samples were im- 
mediately measured with a Varian E3 ESR spectrometer. 

Illumination of the different chromophores also led to 
nitroxide production. Their rate of formation is shown in 
Fig. 1. In our experimental conditions, proflavin gave rise to 
the steepest initial slope but underwent rapid auto-oxidation. 
Toluidine blue, on the other hand, gave a fairly linear yield 
up to a 20-min exposure. Therefore it seems to be a very good 
sensitiser for nitroxide photoproduction, comparable to 
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retinal and fluorescein, although less effective. With respect to 
xanthotoxin, the small but measurable yield observed seems to 
confirm the results reported by Poppe and Grossweiner'*, 

To prove definitively that singlet oxygen is implicated, the 
effects of sodium azide and deuterated ethanol! were studied 
and the results are presented in Fig. 2. In deuterated ethanol, 
the free radical rate formation increases more than tenfold 
whereas in the presence of azide, free radical production is 
abolished. 

When experiments were carried out in nitrogen-bubbled 
solutions, no nitroxide formation occurred. The illumination 
was usually carried out in an open cell in equilibrium with the 
atmosphere. In those conditions, the ESR linewidths are fairly 
large (2.25 gauss) due to the high oxygen concentration in 
ethanol (6.4mM). When experiments were performed in a 
sealed cell, an important linewidth reduction was observed 
during the photochemical reaction. This phenomenon reflects 
oxygen consumption within the medium. 

In conclusion, a new method for detecting singlet oxygen 
production can be derived from the experiments reported here, 
The results shown in Fig. 2 indicate that the reaction is highly 
specific for singlet oxygen. The technique allows a specific 
study of free radical formation without interference from other 
possible side products. Moreover the method, which is con- 
venient and easily set up, can detect free radicals at concen- 
trations as low as 100nM. Preliminary results performed in 
aqueous solutions gave similar results to those obtained in 
ethanol. Possible applications of the method to biological 
reactions have still to be explored. 

Y, Lion 
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Triplet state involvement 
m primary photochemistry of 
photosynthetic photosystem HH 


THE primary photochemical! reaction of photosynthesis is 
widely accepted to be a one-electron transfer from a chlorophyll 
(or bacteriochlorophyll) species to an acceptor entity’. Until 
recently it had been assumed that the excited state precursor to 
the electron-transfer reaction was a singlet state in each of the 
photosynthetic photosystems. This view is based on the fact 
that estimated fluorescence lifetimes? of ~ 7 ps at the reaction 
centre are much too short compared with intersystem crossing 
times of the order of 5 ns for chlorophyll in viro’. Robinson’ 
pointed out, however, that the increase in fluorescence yield 
observed when the photosystem II (PS II) trap is closed is far 
less than that expected if photochemistry, such as electron 
transfer, were the sole quenching process. He and others** 
have proposed the involvement of a triplet state in the 
mechanism of the photochemical electron transfer, but this 
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suggestion has received little attention. Blankenship et al.® 
reported an electron spin resonance (ESR) signal arising from 
photosystem 1 (PS I) which initially exhibited microwave 
emission due to chemically induced dynamic electron polarisa- 
tion (CIDEP). They maintained that this observation indicated 
that the excited state precursor to the formation of the radical 
species must have been in a triplet state to account for the 
CIDEP phenomenon. We report here the first observation of 
ESR signals exhibiting the CIDEP phenomenon from free 
radicals associated with PS I of chloroplasts and whole algae. 
As discussed below, this provides additional evidence that 
triplet states may be involved as intermediates in the mechanism 
of photochemical electron transfer in photosynthesis. 

In our experiments we used a Varian E12 ESR spectrometer 
with the addition of a flash-photolysis excitation and detection 
system’, a Photochemical Research Associates Model 610 flash 
system with a flash half life of ~ 25 ps and a Biomation 
Model 610B Transient Recorder buffered into a Fabritek 
Model 1072 Instrument Computer. The flashes were filtered by 
a Corning CS2--64 red filter. We modified the response time of 
the ESR spectrometer so that the rise time was 50 us using 
100-kHz field modulation and have observed kinetic responses 
at temperatures from 10 K to 300 K in the whole algal systems. 

Figure la shows a typical kinetic response for Scenedesmus 
obliquus algae grown on a 99°% deuterated medium*. We have 
also obtained responses from spinach chloroplasts, but signals 
from the whole algae Anacystis nidulans and Scenedesmus 
obliquus were more intense and more reversible than signals 
obtained from the chloroplasts. A negative excursion in Fig. la 
corresponds to the microwave emission mode and a positive 
excursion to the microwave absorption mode of ESR. If the 
photochemistry of PS II is blocked, by means of several red 
flashes before freezing the algae in the presence of 0.1 mM 
hydroxylamine and 20 uM DCMU (3-(3,4-dichlorophenyl)- 
1,1-dimethylurea)’, the kinetic response is greatly diminished 
(Fig. 15). This, and further evidence given below, leads us to 
believe that the detected ESR signals arise from free radicals 
associated with PS H. The signal shown in Fig. la was repro- 
ducible from the same sample for many thousands of light 
flashes. 

ESR spectra at a fixed time after the flash were obtained from 
kinetic traces taken at many magnetic field positions close to 
g = 2. It was apparent in spectra from normal algae grown on 
protonated media that two separate fast transients gave rise to 
superimposed spectra in the free electron region. Furthermore, 


Fig. 1 A typical flash-induced ESR kinetic profile for fully 

deuterated Scenedesmus obliquus frozen as a thick suspension 

in 20 mM phosphate buffer (pH = 7.5) with 10 mM NaC] and 

50% glycerol at 10 K with 0.1 mW microwave power. Collection 

of 128 flashes in the presence of 20 M DCMU and 100 pM 

hydroxylamine: a, after freezing in the dark, b, after freezing 
following several red flashes at 300 K. 
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Fig. 2 a, A point-by-point magnetic field profile of the rapid 
transient amplitudes (x) and of the slow transient amplitudes 
(MD induced by flashing 256 times fully deuterated Scenedesmus 
obliquus suspended in 20 mM phosphate buffer (pH = 7.5) 
with 10 mM NaCl and 50% glycerol at 100 K with 1 mW 
microwave power and 2.5 gauss modulation amplitude at 
100 kHz. The g factors are accurate to a precision of +-0.0003 
b, A point-by-point field profile of the rapid transient amplitudes 
(x) and of transient amplitudes of Signal 1 CA) induced by 
flashing 1,024 times fully deuterated Scenedesmus obliquus 
suspended in the same medium at 200 K with the same 
instrumental conditions and precision as in a, 


the observed spectral line shapes for the fast transients were 
mixtures of absorption and dispersion signals arising, we believe, 
from rapid passage effects'’. The spectra of rapid and slow 
transients (Fig. 2a) for deuterated algae, however, were 
found to be simpler because of less overlapping of the spectra 
of the separate transients as a result of the collapse of some 
unresolved proton hyperfine structure. Rapid passage effects 
are also responsible for some distortion of the line shapes in 
Fig. 2a. 

Figure 2b shows the field profile of the fast transients for 
deuterated algae relative to the reversible part of P700 (signal 1) 
at a temperature of 200 K. It is evident that the fast transient 
signal is in opposite phase to that of signal 1, but nonetheless, 
it is readily detectable at this temperature. It is significant that 
the new transient is detectable at temperatures down to 10 K, 
where signal 1 is not significantly reversible for detection on a 
millisecond time scale. This behaviour implies that the reversible 
transient signal is independent of the primary photochemistry 
of PS I. 

We interpret the kinetic response in Fig. la to fast and slow 
decay processes in opposite phase. The fast decay corresponds 
to electron spin lattice relaxation causing the spin populations 
(initially inverted) to relax to a Boltzmann distribution. The 
slow decay corresponds to a chemical disappearance of the 
radicals. On the basis of the spectra observed for the rapid 


to the ESR spectrum of P680*, the chlorophyll a species acting 
as the primary donor of PS I and the former could arise from a 
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plastosemiquinone anion radical. There is now good evidence 
for P680 being the primary electron donort- in PS II, and 
there is good optical evidence that a plastoquinone molecule 
acts as the primary acceptor®!-*, although no one to date has 
detected an ESR signal from the primary acceptor. The slow 
phase of decay of Figs la and 2a could correspond to an 
electron-transfer back reaction between the primary donor and 
acceptor. A decay half time of ~ 1 ms for both the donor and 
the acceptor is comparable with the 3-ms decay measured 
optically at low temperatures in chloroplasts?!-™4, 

Given that our interpretation of the kinetic response and 
ESR spectra is correct, we should explain how a population 
inversion of spin states might be established when the free 
radicals are created by the photochemical electron transfer 
from P680 to the primary acceptor. The phenomenon of CIDEP 
was first observed?’ by Fessenden and Schuler and has since 
been observed for many radicals formed in solution?®. As yet, 
the work of Blankenship er al. and our present work are the 
only reports of CIDEP from a biological solid-state system. 

Two mechanisms have been proposed?! to explain the 
observation of CIDEP. The first is the radical pair mechanism, 
but it can be excluded in the case of a solid-state system, 
because it requires free diffusion of radicals in a dynamic fluid 
state. The photochemical triplet mechanism involves an 
intersystem crossing into a triplet excited state with unequal 
rates of populating the three triplet levels. If electron transfer 
occurs before spin-lattice relaxation in the triplet state can 
restore a Boltzmann equilibrium, then both the resulting 
radicals should be observed with initially inverted spin popula- 
tions. Clearly, the triplet mechanism can explain our results 
since we have a solid-state system. 

If a triplet state of the P680 chlorophyll species is the pre- 
cursor to photochemical electron transfer in PS H, then 
intersystem crossing must occur very quickly. Fluorescence 
decay measurements” indicate that fluorescence ft, are no more 
than ~ 100 ps in PS II, which suggests that there must be 
some mechanism for enhancement of the intersystem crossing 
rate to allow for such rapid quenching of fluorescence. One 
possibility is that the manganese present in PS TI is in close 
proximity to P680: transition metal ions are known to enhance 
intersystem crossing rates, One other possibility is that P680 
is a dimer of chlorophyll a which has a structure analogous to 
that of P700 in PS I. The quenching of the excited singlet state 
would then correspond to a charge separation within the dimer 
pair (P*P~). In such a charge-transfer state, the separation 
between singlet and triplet states would be small (because of the 
greater distance between the two unpaired electrons), and so an 
enhanced intersystem crossing rate would be expected. 

Our results do not prove that a triplet state must be an 
intermediate in the photochemistry of PS II, as there may be 
another mechanism which could produce the CIDEP pheno- 
menon from a single-state precursor, but they should provide 
impetus to a search for evidence of short lived triplet states in 
photosynthetic systems, using picosecond optical spectrometers. 
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Fluorescence lifetimes of haem proteins 
excited into the tryptophan absorption 
band with synchrotron radiation 


FLUORESCENT spectra of tryptophan residues in proteins are a 
powerful tool in the study of the intraprotein medium, primarily as 
an indicator of local conformational changes of the residue 
microenvironment. Fluorescence quantum yields of tryptophan in 
the case of haem proteins, however, are very small (0 <0,002)', 
and a dramatic increase (Q' ~ 0.2) is observed after haem removal. 
The photodissociation of carbon monoxymyoglobin, when 
irradiated using ultraviolet light, has indicated the transfer of 
excitation from the aromatic amino acid to the haem group*? 
following a mechanism of the Forster typet; this transfer has a 
probability’ at least 100 times greater than the fluorescence, and 
therefore some 20 times greater than the other competing 
radiation-free processes. Consequently lifetimes have been con- 
sidered to be extremely small and no attempts have therefore been 
made to measure them. This type of information is, however, vital 
for our understanding of the quenching mechanism by haem. We 
have therefore reinvestigated the problem with respect to decay 
times for ox, horse and adult human haemoglobins and their zand 
P subunits when excited in the tryptophan absorption band. Our 
data are not refined—lifetime values reported here have a rather 
poor precision ( ~ +0.25 ns)---but those obtained using ox, horse 
and human samples demonstrate similar behaviour. In some 
selected cases data from haemoglobin and apohaemoglobin have 
been compared. 

Membrane-free haemoglobin samples were prepared by 22,000 
r.p.m. centrifugation’. The haemoglobin solutions were 
(poly)crystallised according to Drabkin’s method®, and fresh 
samples were used. Haem-free haemoglobin samples were 
obtained from human adult haemoglobin by precipitation in acid 
acetone medium and then renatured as described previously’. 

Haemoglobin splitting in corresponding subunits was carried 
out according to Bucci’s procedure®; thiol group regeneration. 
following Geraci’; and free SH titration in accordance with 
Boyer'’. The purity and the homogeneity of os, and fo, chains 
was controlled by electrophoretic analysis over starch gel, and by 
optical absorption spectroscopy. Their non-denatured character 
was verified by determining their capacity of association for 
haemoglobin reconstitution. 

Ferrihaemoglobin was prepared by oxidation of deoxy- 
haemoglobin in vacuo with potassium ferricyanide in moderate 
(5-10%) excess (pH ~ 7), the ferricyanide surplus being eliminated 
by gel filtration through a G25 Sephadex column in phosphate 
medium. 

For all samples a common solvent was used: [0°2M 
(pH=7) buffer in sterile and clear 
commercial Biosedra water, presenting a weak fluorescence. The 
pre-existing organic phosphates (DPG) in the haemolysate have 
not been eliminated, their concentration in the stock solution bein g 
estimated?! at between 0.7 and 1 equivalent per tetramer of 
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protein. Care was taken to avoid bacterial contamination (filtra- 
tion through adequately treated 0.2-ym Millipore). 

Native protein solutions (about 2.10°°M, of haem or of 
polypeptide chain) from three different donors of each mammalian 
species (four in the human case) have been studied at 25 +0.5 °C 
and 3+0.5 °C, always with fresh samples not older than 15 h, and 
stored at 4 °C in the above buffer. 

Fluorescence decay times were obtained using the synchrotron 
radiation from the Orsay Storage Ring (ACO; for a technical 
description of the ACO machine, see Fourth, Fifth and Sixth int. 
Conf. High Energy Accel., Dubna (1963), Frascati (1965) and 
Cambridge, Massachusetts (1967) and ref. 12.) as a pulsed light 
source coupled with the Single Photoelectron Timing 
Method!?!*. The ACO machine was working in the e*, e` 
collision ring mode for a high energy physics experiment with 510- 
MeV electron energy and 25—10-mA electron circulating current; 
in these ‘parasitic’ conditions the available light intensity is smaller 
by a factor of 5-10, compared with the photon flux obtained using 
ACO working in the Storage Ring mode, fully geared to 
synchrotron radiation. 

Samples were excited at three different wavelengths (270, 280 
and 290 nm), selected using a high flux vertical “Lavollee-type’ 
monochromator’ *, the excitation spectral bandwidth being about 
32 A. All the emitted fluorescence with wavelength higher than 
340 nm, was detected at right angles through a set of three Schott- 
type filters (WG 320, 330 and 345) using a RTC 56 DUVP/03 
photomultiplier. Decay curves were recorded by counting signals, 
in the positive mode for a given time, from the excited haemo- 
protein solution; and then, in the negative mode, signals for an 
equivalent active time from the buffer solvent at the same 
excitation wavelength. With this latter operating mode (which is 
justified by the fact that synchrotron radiation is perfectly constant 
in shape and amplitude), and because of the small optical density of 
the haemoprotein solutions (see below), the stray light level from 
the excitation is minimised. Therefore, when verified using a MgO 
diffusing screen, it turns out to be less than 1%, in any case. 


We will comment here only on some unexpected results 
(unpublished). We have roughly verified the fluorescence efficiency 
depletion when going from apohaemoglobins to haemoglobins, by 
comparing photon-counting rates in the same experimental 
conditions (globin counting rate ~ 4 x 10* Hz; ferrihaemoglobin, 
~ 510? Hz, for example); lifetimes are, however, very little 
changed (the main component in the ferrihaemoglobin decay is 
only ~20% smaller: t(globin)~4.3ns,  <(ferrihaemo- 
globin) ~ 3.5 ns, both at 3°C. (Apohaemoprotein and haemo- 
protein fluorescence decay are, in most cases, non-exponential, 
with the main component usually the shortest one.) Because our 
data are not refined, we cannot find significant changes in 
fluorescence decays using the three excitation wavelengths 
mentioned above. 


To eliminate the possibility that the observed emission was not 
due to haem losses in the haemoprotein solution", some samples 
were controlled by comparing the optical absorption in the 280-nm 
and 540-nm regions of their ferricyanomet derivatives. These 
controls have proved that the total amount of haem-free globin, if 
any, could not exceed 0.5%; a haem loss artefact can therefore be 
excluded. | 

An important decrease in the quantum yield, when fluorescence 
lifetimes are only slightly changed would indicate some sort of 
quenching with a strong ‘static’ component’®"'’, the de-excitation 
being related to some non-fluorescent complex!® between the 
fluorophore (tryptophan) and the inhibitor (haem). It may be, 
however, that this non-fluorescent complex is not permanent, the 
static quenching indicating statistical fluctuations; the oscillations 
of tryptophan residues (it is known that the tryptophan emission in 
the globin is strongly depolarised, (unpublished results)) could 
correlate periodically, however, with the collective movements of 
the macromolecules in a particular orientation, and thus escape 
from the influence of haem. We could then imagine that, 
statistically, asmall fraction (~ 1%) of the total excited tryptophan 
population are emitting their characteristic fluorescence. The 
small, but significant decrease in the ferrihaemoglobin (tetramer) 
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decay time, compared with that of the globin (dimer), could be 
explained by significant changes in the tryptophan microenviron- 
ment, reflecting global conformational changes induced in the 
macromolecule by the presence of haem. 

On the a0, chain, besides the static quenching by the haem 
groups, there must also be a ‘dynamic’ one, because of the marked 
decrease both in the counting rate and in the lifetime: t(« 
globin) ~4.4 ns, t(%4702)~1.0ns; both at 3°C (ref. 16). The 
BsyO2 chain shows a clear non-exponential decay, the main 
component having a lifetime of the order of 1.4 ns at 25 °C; the 
other one, much weaker, is much shorter (probably of the same 
order of magnitude as that of the &sy chain, see below). The same 
behaviour is found in the case of ferrohaemoglobin with an O, 
ligand; here the main component of the decay is about the same 
(~1.5 ns; always at 25°C) but the contribution of the short 
component is much weaker than in the f chain. Note, however, 
that in the isolated « chain (monomer) there is a single tryptophan 
(tryp 14) residue; whereas in each subunit of the protein 
(tetramer), there are two tryptophan residues (tryp 15 and 37). In 
addition, very little is known about the conformation of isolated « 
and ß chains. Nevertheless there is a fundamental difference 
between the three haem proteins—osyO2, BsyO2 and HbO,—and 
the ferrihaemoglobin, that is, the absence of O, ligand in the latter. 

We have also observed that lifetimes decrease substantially 
when increasing the temperature from 3 to 25 °C: in the ferri- 
haemoglobin tchanges from ~ 3.5 nsto ~ 2.4 ns; from ~ 1.0 nsto 
~0.5 ns, for the sO, chain. This time, in contrast with the 
unexpected results mentioned above, counting rates change in the 
same direction and in the same proportion, as would be expected. 
This behaviour could indicate substantial changes in the macro- 
molecular conformation (it is known that the protein structure is 
very sensitive to temperature). 

In addition, we must also consider a possible effect from oxygen ; 
indeed, one could be tempted to attribute, at least partially, the 
dynamic quenching to oxygen diffusing into the protein’*'”. 
Although the macroscopic concentration of dissolved oxygen in 
the aqueous samples does not change very much in our 
temperature range (~3.9 x 1074 M at 3°C; ~2.5x 1074M, at 
25 °C), it is possible to imagine the presence of important local 
fluctuations: the intraproteic medium, covered with hydrophobic 
residues2°, could, in some conditions, act as an ‘oxygen trap’, the 
Henry laws being no longer valid. Another alternative hypothesis 
would be to consider the oxygen diffusion as being influenced by 
temperature-induced changes in the protein structure. 

Further work will be necessary to answer some of these many 
questions—precise fluorescence quantum yield measurements, 
emission frequency distribution, time-resolved frequency 
distribution, and fluorescence time-dependent depolarisation. 
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Images of terrestial processes 





The Bowels of the Earth. By John 
Elder. Pp. viit+222. (Oxford University: 
London, 1976.) £6.00. 


ACADEMIC writers have usually sought 
to develop as impersonal a style as pos- 
sible, presumably in the belief that to 
do otherwise would be to impair their 
reputation for impartiality and objec- 
tivity or detract from the science itself. 
This tradition rightly persists, although 
at the same time there is a minor (but 
growing) and not entirely unwelcome 
movement towards the injection of 
‘personality’ into the business. As far 
as the Earth sciences are concerned, 
the latter trend seems to have origin- 
ated with Peter Wyllie (The Dynamic 
Earth, Wiley, 1971) who began in a 
small way by placing more overt em- 
phasis on the scientists involved and 
later extended the technique with great 
effect in The Way the Earth Works 
(Wiley, 1976). 

There is no doubt that in modera- 
tion, and performed with Wyllie’s flair, 
an attempt to present a more sparkling 
view of science can be entertaining and 
give a more realistic picture of how 
science actually develops. But as Elder 
demonstrates here, it can also degener- 
ate into irrelevance, absurdity and even 
crudity. The fact that the title of his 
book has achieved recognition in the 
new (1976) edition of The Concise 
Oxford Dictionary hardly disguises the 
vulgarity and gimmickry of its use in 
a serious context. It is not even ac- 
curate. How a word which refers meta- 
phorically to ‘innermost parts’ can be 
taken to apply to the whole Earth 
from core to crust (not to mention the 
Earth as a body in space) is beyond 
imagining. 

None of this would matter perhaps 
if it were not indicative of similar errors 
of judgement throughout the book, 
chiefly in the addiction to inane meta- 
phor and analogy. The Earth, for 
example, is variously a jam-pot, a 
stone, a jumping bean, an egg and 
much else besides, presumably in the 
mistaken impression that these homely 
analogies will appeal to what in these 
days of sexual equality Elder chooses 
to call ‘the man in the street’. All of 
which is a pity because it obscures 
what is at heart a fascinating concep- 
tion, namely, that the Earth may be 
viewed as a series of dynamic processes 


occurring on a wide range of scales. 
To adapt one of his more sensible 
metaphors, Elder has given us an in- 
teresting sketchbook of the Earth—a 
collection of interacting models and 
images of terrestrial processes which 
vary in size, content, validity and 
credibility in reflection of what we 
know and can deduce from a body 
which is in the last resort inaccessible. 

It is an unusual, if at times idiosyn- 
cratic, gallery which could be viewed 
with benefit by all Earth scientists, not 
least the ‘experts’ whom Elder explicitly 
excludes. But whether, as he fondly 
imagines, it is equally accessible to the 


Molecular orbital theory 


The Determination and Interpretation 
of Molecular Wave Functions. (Cam- 
bridge Monographs in Physical Chemi- 
stry, Vol. 3.) By Erich Steiner. Pp. 
viii+205. (Cambridge University : 
Cambridge and London, July 1976.) 
£11.50. 


THERE are so many books on molecular 
orbital theory that it is hard to find 


a gap in the literature. One unfilled — 


need is for a book at an elementary 
level which will bridge the separation 
between theoretical and experimental 
chemists. 
should enable the experimentalist to 
use the wave function computer pro- 
grams which are so freely available 
thanks to the Quantum Chemistry Pro- 
gram Exchange. This book only fulfills 
this need in part. 

The level is elementary and reason- 
ably up to date, but the book contains 
no more than is to be found in a couple 
of chapters of standard texts supple- 
mented by one or two recent review 
articles. Only molecular orbital theory 
is included. Indeed the preface states 
that “since 1960 there has been a de- 
clining importance of the valence bond 
approach as a practical tool of the 
computational quantum chemist”; a 
view which would not be supported by 
Goddard or the Italian or Bristol 
schools, 

The early chapters summarise stan- 
dard theory in a clear and concise 
manner, and introduce the required 
notation. Further chapters are devoted 
to the orbital approximation and be- 


In particular such a book 


Peter J. Smith 
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man in the street, I take leave to doubt; 
such an unfortunate creature would 
find himself bombarded by ‘rather a 


lot of mathematical formulae’ and is 


unlikely to find complete consolation 
in the index-cum-glassary. Some back- 
ground in science would seem to me to 
be prerequisite. But with that reserva- 
tion, and not forgetting the irritations 
and imperfections, I would recommend 
the book as an important way of look- 
ing at the terrestrial machine. I] 
Peter J. Smith is a Reader in Earth 
Sciences at the Open University, 
Milton Keynes, UK. 
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yond; to the representation of the 
orbitals and charge densities with a 
final look at the chemical bond. It is 
hard to quarrel with the content alb- 
though the form in which it is presented 
reflects the author’s view of the subject. 
Others might feel that natural orbitals, 
for example, are of interest less in a 
chapter on electron distribution than 
in the section on correlation energy. 

Within the constraints of the book 
one definite omission is a detailed look 
at open-shell methods. So much pub- 
lished work is restricted to closed-shell 
ground states of molecules, possibly 
because a convenient account of the 
problems and techniques involved when 
there are unpaired electrons is not to 
be found in most simple texts. There 
is no coverage of molecular properties 
other than charge distribution. 

For experimentalists an additional 
chapter on how to produce data for a 
standard computer program would have 
been helpful, together with some ex- 
amples of how to enter these data and 
interpret the output. Without this, the 
book should be valuable as a reference 
work for the conveted who run calcula- 
tions but probably not sufficient to 
enable the practical chemist to run his 
own. On the other hand, armed with 
this book he should appreciate what 
the theoretician has done. : 

Graham Richards 





a Fellow of Bra eno College, oat 
UK oe 
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Access to 
soil ecology 


The Distribution and Diversity of Soil 
Fauna, By John A. Wallwork. Pp. 
xii +355. (Academic: London and New 
York, April 1976.) £11; $17.25. 


es RP ce Reena a a een eeee meron 
In 1970 Wallwork published his 
Ecology of Soil Animals which has 
since been accepted as an invaluable 
reference and teaching aid. With com- 
mendable frankness he introduces the 
new book as “something of an Adam's 
rib, a companion volume... .”. To any- 
one who has shared the development 
of his subject over the past thirty years, 
reading the new work is a most enjoy- 
able experience for many original in- 
sights, a clear and often amusing style, 
and some superb illustrations. The 
atmosphere conveyed is almost that of 
a set of personal discussions, perhaps 
following a series of seminars, among 
people already familiar with the jargon 
and many of the ideas. 

The chapters are mainly devoted to 


major ecosystems in turn, grasslands, 
moorlands, forest soils and so on. Here 
Wallwork encounters the organisational 
problem which faces all writers of 
ecology books: the material to be 
covered is related in many logical 
‘dimensions’ but must be discussed in 
linear order. Many topics, common to 
different ecosystems must either there- 
fore be repeated or introduced rather 
arbitrarily in a particular chapter. The 
second practice is followed—for ex- 
ample, discussions of pedology and 
feeding biology in the grassland chap- 
ter—and the problem of re-locating a 
particular discussion is not fully met 
by means of cross references. One feels 
the need for a diagrammatic master 
plan in the introduction. The excellent 
index, however, goes a long way to 
overcome this difficulty. 


The chapter on ‘agricultural prac- 
tice and the soil fauna” is a short but 
valuable introduction to the literature 
of a fast-expanding field; and the final 
chapter faces the perennial problem of 
how so diverse a fauna persists in an 
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apparently rather uniform and narrow 
spatial zone. Throughout, the discus- 
sion is immensely strengthened by 
Wallwork’s experience of soils from all 
parts of the world. 

This is hardly, as claimed on the 
book jacket, ‘‘a basic introduction to 
the subject for students unfamiliar 
with the soil fauna”. Many terms and 
ideas are either used without definition 
or are only defined after first introduc- 
tion (the vocabulary of saprophage, 
fungivore, and so on, and the terms 
‘stentotopic’ as against ‘eurytopic’). 
These are perhaps further indications 
of the true readership of the book: it is 
probably best thought of as a synthesis, 
a companion volume and extension of 
The Ecology of Soil Animals and a 
valuable means of access to the litera- 
ture of soil ecology. 

Amyan Macfadyen 





Amyan Macfadyen is Professor in the 
School of Biological and Environmental 
Sciences at the New University of 
Ulster, Coleraine, Northern Ireland. 
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Somatic 
chromosomes 


Chromosomes in Mitosis and Inter- 
phase. (Handbuch der Mikroskopischen 
Anatomie des Menschen.) By Hans 
George Schwarzacher. Pp. vili+ 182. 
(Springer: Berlin and New York, 
1976.) DM 136; $55.80. 


THIS monograph is essentially con- 
cerned with the structure and organi- 
sation of the somatic chromosomes of 
man and I must say at once that I 
enjoyed reading it. Schwarzacher’s ex- 
cuse for writing such a book is the 
veritable flood of new information on 
human chromosomes that has been un- 
leashed following the development and 
application of a wide variety of new 
techniques over the past few years. 
The information and discussion is 
parcelled into ten chapters beginning 
with simple accounts of chromosome 
morphology, nomenclature and the 
human karyotype. There is a good 
review of what little we know of 
chromosome structure in the interphase 
nucleus as revealed by histochemical 
and electron microscope studies, sup- 
plemented by the observations on pre- 
maturely condensed chromosomes 
obtained by the method of Rao and 
Johnston using the cell fusion tech- 
nique. Heterochromatin and chromo- 
some fine structure. as studied by 
electron microscopy, are considered in 
detail, as are the main techniques 
utilised to produce the various banding 
patterns in human chromosomes. The 
two chapters on chromosome banding 
and fine structure are particularly 








@ Climate and the Environment by J. F. 
Griffiths (UK edition by Paul Elek re- 
viewed in Nature, 262, August 5, 523, 
1976) is also published in the USA by 
Westview Press, Boulder, Colorado 
80301. Price: $12.75. 


good, and present a clear account of 
the facts and the various interpreta- 
tions and speculations on mechanisms 
and structure. In such a rapidly 
developing field it is inevitable that 
some parts of the text are a little out 
of date—for example, some of the 
more recent work on human satellite 
DNAs is not discussed, but this is not 
a major criticism. 

Geneticists who have not been 
following closely the human cytogene- 
tic scene should be impressed by a 
wealth of chromosome polymorphisms 
that have been unearthed in the 
chromosome complements of various 
human populations using modern 
cytological techniques, and these are 
admirably summarised by the author. 
Man’s chromosomes are varied indeed 
and, for example, our own studies in 
Edinburgh reveal that some 3% of 
the local population have inversions in- 
volving the whole or part of the C band 
on chromosome J; that all of us are 
heteromorphic for one or more C- or 
Q-band regions; and that the chromo- 
some phenotype of an individual may 
be almost as distinctive as his finger- 
prints! Schwarzacher, in fact, points 
out that an analysis of chromosome 
polymorphisms would give successful 
paternity exclusion tests in about 75% 
or more of cases. 

The text of the book is very clearly 
written: it is well illustrated and easy 


to read with only rare glimpses of 
minor problems of translation from the 
German, as in sentences such as “With 
this term the morphologic separation 
of complete chromosome sets of 
genomes is meant.” 

The general style tends to be rather 
more descriptive than discursive and I 
personally would have preferred more 
discussion of some of the interesting 
points brought out by the author. For 
example, a photograph and two lines 
of text impart the information—sub- 
stantiated by all workers interested in 
chromosome replication—that daughter 
strands are always placed to the outside 
of parental templates. This implies a 
certain pattern of DNA segregation 
which must of itself reflect on organi- 
sation of chromosome — structure— 
something that is not really considered 
in the book. 

This little book is timely, and shows 
that we have come quite a long way 
in the past five years or so towards 
revealing the enormous diversity and 
variation in structure of man’s chro- 
mosomes, but we have a long way yet 
to travel before we can really under- 


stand what these variations mean both 


in terms of chromosome organisation 
and in possible consequences to the 
individual. Swarzacher’s summary sets 
a very useful background and is to be 
highly recommended to those who are 
already journeying in this field or who 
are about to start on their travels. 

H. John Evans 





Professor Evans is Director of the 
Medical Research Council Clinical and 
Population Cytogenetics Unit, Western 
General Hospital, Edinburgh, UK. 
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obituary 


Dr A. P. Rowe, the wartime Head of « 


the Telecommunications Research 
Establishment—the home of radar-—— 
died at Malvern in May 1976 at the 
age of 78. 

Albert Percival Rowe trained as a 
meteorologist and worked in the Air 
Ministry’s Laboratory in Imperial Col- 
lege after the 1914-18 War. From there 
he became Personal Assistant to H. E. 
Wimperis, the first Director of Scien- 
tific Research at the Air.Ministry; and 
in June 1934—alarmed by the in- 
adequacy of air defence in Britain, 





as he related in his book One Story 
of Radar {1948)—he warned the 
Air Ministry: that “Unless science 


evolved some new method of aiding air 
defence, we were likely to lose the next 
war if it started within ten years”. In 
the following November, Wimperis 
proposed the formation of a Committee 
for the Scientific Survey of Air De- 
fence, which quickly took shape as the 
famous Tizard Committee. 

The story has been told. many times 
of how the principle of radar was out- 
lined by Watson-Watt to the Commit- 
tee at its first meeting, as a result of a 
query about death rays put to him by 
Wimperis, and how the independent 
approach of F. A. Lindemann and 
Churchill led to intense friction, Rowe’s 
part in these events was to be the first 
Secretary of the Tizard Committee, and 
to decide with Wimperis to buy 
Bawdsey Manor, just north of Felix- 
stowe, to house the research and 
development work that would be 
needed before radar could be made 
operational. In the spring of 1938 Rowe 
succeeded Watson-Watt as Superinten- 
dent of what was then known as the 
Air Ministry Research Establishment, 
Bawdsey, and he remained Superinten- 
dent, later Chief Superintendent, of 
this Establishment and its successors 
until the end of the war, by which time 
it was the great Telecommunications 
Research Establishment at Malvern 
with a staff of 3,000. 

The basic notion of radar came from 
a Government establishment, the Radio 
Research Station of the National 
Physical Laboratory, staffed by men 
who—with Rowe-—-had gone into Gov- 
ernment service between the wars 
rather than into universities. Great 
though the contributions of the latter 
were subsequently to be, they would 
mainly have come too late for the 
Battle of Britain, and it was our 
national good fortune that there was 
enough talent in Government service to 





phase Recruiting from the iniversities 






had ‘started in 1935, with men such as 
E.C owen, R. Hanbury Brown, and 
A. Touch; and it was these recruits 
whe, together with Watson-Watt’s 


original nucleus of L. H. Bainbridge 
Bell and A. F. Wilkins, did the essential 
early work. Academic reluctance to 
work on military projects was dispelled 


by the Anschluss of 1938, and by thes 


outbreak of war there was a flood of 
willing — and distinguished — scientific 
recruits, most of whom went into 
radar. 

Rowe therefore found himself at the 
head of a great body of talent, from 
which ideas and inventions flowed 
throughout the war. Somehow he had 
to guide his establishment of scientists 
and engineers, few of them accustomed 
to Service or Civil Service procedures, 
into effective relationships both with 
the Royal Air Force and with industry. 
Throughout the war he held vigorously 
the belief that the work his Establish- 
ment was doing was vital; and at the 
end of it he wrote “We believe that 
without radar Fighter Command and 
the ‘famous few’ would have lost the 
Battle of Britain. We believed that 
without radar the night attacks by 
enemy bombers would have devastated 
our industries. We believed that with- 
Bombe: Geman would have been 
largely wasted; and we believed that 


without radar the. sea-war would ‘have 


been lost and that there: would have 
been no invasion of Europe” Although 
by 1948 he had begun to wonder 
whether this ‘overwhelming belief’? had 
been entirely justified, it had been his 
guiding star throughout the war and 
he would declare it to his staff and 
outsiders alike. 

He was completely sincere, and it 
was his sincerity that enabled him to 
keep control of what could easily have 
been a very unruly Establishment. 
Sometimes this same sincerity led him 
into slightly bizarre situations: on one 
occasion during the ł 
circular letter to the wives of his staff 
telling them that their husbands were 
doing work of the utmost national im- 
portance but that, unlike the serving 
officers with whom they were working, 
they were entitled only to ordinary 
civilian rations. Since there were vari- 
ous deficiencies in wartime food, it was 
essential that each wife should do her 
best to supplement her husband’s diet, 
notably in respect of vitamins and 
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vitamin B in particular. This vitamin 
was to be had in abundance in ‘Bemax’ 
and so would she please feed this to 
her husband every morning. In a similar 
vein he had issued a station instruction 
at¿Bawdsey pointing out that the dis- 
persal of the several research teams in. 


huts hundreds of yards apart inhibited 


communication and the cross- 
fertilisation of ideas: he therefore 
urged all members of the ‘staff to buy 
second-hand bicycles, and added the 
address of a cycle dealer in Felixstowe 
whom he had ascertained to have an 
adequate supply. But despite the comic 


effect produced by such instructions, 


he was obviously so genuine that he 
kept the respect, which with the years 
developed into affection, of his staff. 
Perhaps his greatest individual con- 
tribution was the ‘Sunday Soviet’ held 
weekly in his room which, after the 
move of TRE to Malvern College, was 
of course the Headmaster’s Study. Sun- 
days were convenient for such men as 
Lord Cherwell, Sir Robert Renwick, 
and senior serving officers to visit 
Malvern, and Rowe would gather mem- 
bers of his. staff for a free-for-all dis- 
cussion which would last from morning 
well into the afternoon. Bernard Lovell, 
then one of Rowe’s men, has recorded 
that “A ~ Commander- in-Chief once 
complained in Rowe’s office that the 


“most lowly assistant in the Establish- 
ment would not turma screw unless he 
“could be acquainted with the latest 


strategic situation in the Middle East”. 
The interplay between scientists and 
serving officers had not been started by 
Rowe; from their experiences im the 
1914-18 War, Lindemann and Tizard, 
for all their differences, were united in 
the importance of this interplay, but it 
reached one of its highest expressions 
in Rowe’s Soviets. These meetings were 
one of the main factors in the ultimate 
superiority of British radar over its 
counterpart in Germany, where scien- 
tists and military men were not nearly 
in such effective contact. 

The successes of TRE were many. 
As regards actual inventiveness, the 
ideas of course originated with indivi- 
duals, to whom full credit should be 
given; and the characteristic problems 
associated with getting individuals to 
work in a corporate body are probably 
less in war than in peace, where the 
importance and urgency of a common 
aim are less clear. But, even so, with 
all the brilliance of individuals and the 
corporate spirit engendered by national 
emergency, TRE would have been far 
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less effective if it had not beén so well 
guided, and this was Rowe’s contribu- 
tion. He would certainly have been 
blamed had TRE failed, and in its 
success he deserved a greater honour 
than the CBE that was awarded to him 


in 1942. In fact, the whole of the radar 


effort was miserably recognised during 
the war: the Americans, who were 
glad to have a contingent at TRE, gave 
Rowe a more fitting recognition—the 
Medal for Merit, their highest civilian 
decoration, awarded directly by the 
President. 

o>, Writing to me in 1974 of such matters 
he said “I have never written of those 
things to anyone till now.°I feel strongly 
about two lines of a prayer, ‘To’ toil 


and. not to seek for rest, To labour and _ 


not tovseek for any reward’, Certainly 
I never. thought of it during the war, 
when vast numbers were giving their 
lives”. 

After the warp Rowe first became the 
Deputy Controller of Research and 
Development at the Admiralty, and 
then in 1947 went.to Australia as 
Chairman of the Defence Advisory 
Committee and Defence Scientific 


Adviser to the Australian Government, 
and in 1948 he became Vice-Chancellor 
of the University of Adelaide. This 
experience was note a happy one, as 
Rowe himself related in his book If 


the Gown Fits (1960). Clearly he found 


the university a far less ready body to 
accept his guidance than TRE had 
been. He thought that universities 
should be more down-to-earth than they 
were in meeting the needs of the 
average rather than the brightest 






student; but, almost alam. he. 
© handed his papers over to Guy Hart- 


ESS er: 


fearfulness by courage, depittmental- 
ism by unity of purpose, egalitarianism 
by a measure of authority, and to 
recognise excellence wherever i ars 
its noble head”. And if Australian 
universities are now better than they 
were thirty years ago, part of the 
change may be due to the unpopular 
stand that he took. 

Rowe had never been afraid of 





“expressing an unpopular view, but he 


felt the unpopularity all the same, when 
it led to loneliness as in Australia. It 
was here that he valued especially the 
support of his wife, Mary, whom he 
married in 1932: “Far from family and 
friends” he wrote in If the Gown Fits, 
“she unfalteringly supported me in my 
years of unaccustomed loneliness”. 

He came back to Malvern in 1958 
and spent some of his later years teach- 
ing astronomy to the boys of the 
College. But--such is the way that a 
nation sometimes treats its faithful 
servants——he found it so difficult to live 
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on his pension that he actually left 
Malvern again for.Malta, where the 
cost of living was lower. We were glad 
to see him back again when conditions 
in Malta proved not to be what he had 
hoped for. He had the idea of writing a 
further book, on invention in war, but 
he found the work too much and. 


cup, who produced the book as The 

Challenge of War (1970). s 
When in 1974 the Royal Society 
organised a Symposium on The Effects 
of the Two World Wars on the De- 
velopment and Organisation of Science 
in the United Kingdom, Rowe was un- ` 
able to attend., The meeting had the 
atmosphere of a reunion, and it spon- 
taneously sent him a telegram of tribute 
signed by .many of his wartime 
colleagues “heéaded by the President, 
Alan Hodgkin, who as a member of 
TRE himself had made the first flight 
with airborne centimetric radar in 1941. 
His final tribute came on June 18, 
1976, when as many of his former 
colleagues as possible ..gathered in 
Malvern «© Priory for his Memorial Ser- 
vice, and to recall his vital contribution 
as the head of what J. A. Ratcliffe in 
his Oration fairly described as “one of 
the most successful research establish- 
ments of all time”. 
o R. V. Jones 
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Appointments 


Dr B. 3. Mason as President of the 
G. H. 


Institute of Physics, and. Dr 
Stafford as Vice-President. 


Awards. 
‘The Royal Society has given the S. G. 
Brown Award and Medal to Frank 
Mackley, a Director and Chief Engin- 
eer of J. T. Mackley & Co. Ltd, for his 
work on the development of the Hover 
Platform. | 

The John Scott Award for 1976 has 
been made to Professor Cyril A. Clarke 
and Drs Vincent J. Freda, John G. 
Gorman and William Pollack for their 
work on the prevention of Rhesus 
Haemolytic Disease. 





Meetings 
eons 29, ee in Rory, Horti- 


The University, eee LEI TRH, 
UK). 
November 15-18, Weeds, Brighton, 
Sussex (Mr W° F. P. Bishop, Frank 
Bishop (Conference Planners Ltd), 74 


Person to Person 


A survey is being initiated into the 
distribution and types of symbiotic 
Chlorella sp. in Britain. Informa- 
tion is needed on precise locations 
of natural habitats of green Hydra, 
Paramecium bursaria, Stentor, 
Sponges and other invertebrates 

itely containing Chlorella. 
Please write to D. C. Smith, 
Department of Botany, The Uni- 
versity, Bristol BS8 1UG. 


Professor and wife wish to find 


small, furnished flat in S$. Kensing- 


ton or Belgravia, Dec. 15-30, 
1976. Will exchange fully fur- 
nished 3 eoon house in 
Georgetow 1 Vas D.C., 
Dec. 14—Jan. 6. Addr SS replies 
and enquiries to D., i 

1237 37th Street, N.W., Washing- 
ton, D.C. 20007. 

There ‘will be no charge for this service. 
Send items (not more than 60 words) to 


Martin Galdman 
section will include exchanges of accommo- 


dation, personal announcements and scientific | 


decline 
trans- 


We reserve the right to 
submitted. No commercial 


queries. 
material 
actions. 





at the London office. The | 


London, Road, Croydon CRO OTB), 
November 94° Whole Body Counting 
and»: Scanning, London (The General 
Secretary, British Institute of Radi- 
ology, 32 Welbeck Street, London WIM 
TPG} 

December 12- 17, Automated Cytology, 
Pensacola, Florida (Paul F. Mullaney, 
Chairman, Fifth Engineering Founda- 
tion Conference on Automated Cyto- 
logy, PO Box 208, Los Alamos, New 
Mexico 87544). 

April 14-15, 1977, Easter Meeting of 
the Society for ‘the Bibliography of 
Natural History, London (Meetings 
Secretary, Mrs J. A. Diment, Palacon- 
tology Library, British Museum 
(Natural History), Cromwell Road, 
London SW7 5BD). 

April 18-20, 1977, Stem Cells and 
Tissue Homeostasis, Manchester (Dr 
R. J. Cole, School of Biological 
Sciences, University of Sussex, Falmer, 
Brighton BNI 9QG). 

May 9-11, 1977, Biosystematics in 
Agriculture, Beltsville, Maryland (Dr 
James A. Duke, Publicity Committee, 
BARC Symposium II, Plant Taxonomy 
Laboratory, Room 117, Building 001, 
BARC West, USDA, Beltsville, Mary- 
land 20705). 
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A place for science in the power game 


AS a highly respected scientific pressure group, Pugwash 
might reasonably have expected some publicity for the 
meeting it organised in London last week to discuss the fast 
breeder reactor. The advent of fast reactor technology is 
already becoming acknowledged as perhaps the major social 
issue of the decade in the developed world. In Britain, the 
Royal Commission on Environmental Pollution (RCEP) had 
placed the controversy firmly in the public spotlight with 
the publication of its report on nuclear power only six days 
before the Pugwash meeting. But Pugwash went un- 
mentioned by the media. The meeting was ignored by the 
television corporations, passed unreported on the radio, and 
received not a single column inch in any of the national 
daily newspapers. It is worth considering why. 

To some extent the unbroken media silence must be 
attributable to the very timeliness of the meeting, coming 
as it did so hard on the heels of the RCEP report. There is 
little press copy to be had from issues already extensively 
covered less than a week before. Admittedly, the meeting 
covered most of the contentious ground, and presented both 
sides of the argument. But it is worth considering whether 
the media’s disregard might reflect more than just a fickle 
boredom with recurring issues. It could, for instance, say 
something about the rôle of Pugwash in the widening 
debate on the fast breeder. The part that it played in 
educating both scientists and politicians on nuclear matters 
during the 1960s stands as solid testimony to its influence 
at that time. But does it wield such influence still? 

Pugwash itself apparently believes that it can still reach 
politicians by going through the back door. Last week’s 
invitation list did not include the UK Energy Secretary, 
Anthony Wedgwood Benn, or his two political advisers. As 
for the House of Commons Select Committee on Science 
and Technology, members were invited, but it looked very 
much as though most, if not all, of the invitations were 
treated with disdain. Moreover, of the top personnel from 
the Department of Energy (DEN) only Walter Marshall 


could be seen, and his silence and early departure gave not 


clue as to whether he attended as Chief Scientist at the 
DEN, Deputy Chairman of the UK Atomic Energy Autho- 
rity, or simply to assess any new opposition in the nuclear 
power game. Whatever his motives, the 350 or so scientists 
who confronted him offered little new beyond the conten- 
tion that a target date of 1995 for a demonstration com- 
mercial fusion reactor in Europe could become realistic 
with more funding. 

But in seeking to understand the lack of media interest 
not all of the blame can be apportioned to Pugwash and 
absent politicians. Many of the scientists present would do 
well to reflect what their true contribution to the fast 
breeder debate has been. For while it was encouraging to 


note the number of well-known and respected members of 
the scientific community eager to discuss all the implication 
of fast reactor technology, and even prepared to talk 
seriously in the corridors of the untapped potential of 
alternative technologies, there remain far to many who see 
fast breeder reactors simply in terms of load factors, breed- 
ing ratios, doubling times, and the like. Consequently, it was 
left to the eloquent rhetoric of a former Minister of Fuel 
and Power, Philip Noel-Baker, to set the debate squarely in 
its political and social perspective, and by the time of his 
closing speech many of those who ought to have been 
listening had seen their fill of graphs and tables and 
dispersed to their buses and trains. 

Such a cold approach by the science community makes a 
mockery of the frequent protests, voiced as loudly as ever 
during last week’s meeting, against media misrepresentation 
of major science-based issues. For those members of the 
press whom Pugwash bothered to invite, the choice was 
simple and clear: they could either search for sensational 
angles, or settle for reporting a mundane and sometimes 
technically bewildering meeting exactly as it happened. 
Evidently, they responsibly chose to do the latter and ran 
up against their colleagues’ more newsworthy competition. 
Which leaves science with a sad alternative: sensational 
media coverage (remember the Wilhams report on genetic 
engineering?), or no media coverage at all. 

And that is the crunch. For though it has wide and 
inescapable political and social ramifications, the debate 
over the fast breeder reactor is firmly rooted in science, 
and it surely falls on the science community to ensure that 
the public and their politicians are kept inteligibly informed 
by an impartial, well-briefed press. Sir Brian Flowers, 
former Chairman of the RCEP and a board member of the 
UKAEA, recently stressed how the rules ‘of technological 
advance have changed in the developed world: it is no 


‘longer sufficient for each new step forward to be tech- 


nologically realisable unless it is also socially acceptable. 
It is in assessing that social acceptability that science must 
assume a crucial rôle. 

Only three weeks ago it-looked very much as though the 
powerful British nuclear lobby might, rightly or wrongly, 
force an early decision in favour of the UK’s first demon- 
stration commercial fast breeder, CFR-1. Now the RCEP, in 
giving the reactor only qualified approval in its new report, 
has won a delay of a few months at least for nuclear power 
critics. Mr Benn and the nuclear lobby have been pushed š 
against the baseline, and the ball has fallen to ‘those in the 
other court. For the rest of the match it is the = 
community that should act as umpire. Ane rom- that posi 
tion it must ensure that whoever comes. out on top, every 
single blade of grass is covered. sr mi 
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Small isn’t beautiful either 


At the beginning of January 1976, one 
pound sterling would buy 2.02 US 
dollars. Last week you could get only 
$1.66 for a pound; at one stage as little 
as $1.63. This depreciation of nearly 
20°, in sterling is making for grim 
news almost everywhere in Britain; the 
laboratories of British universities will 
feel the pinch, for the Science Research 
Council (SRC) is almost certainly facing 
an acute financial crisis. 

Within the past year the SRC, in 
common with many organisations dis- 
pensing government money, has had 
to accept cash limits on its activities, 
that is to say, it has been given a firm 
sum of money above which it may not 
commit itself. The SRC has also, of 
course, been told by the Advisory 
Board of Research Councils (ABRC) 
to trim its spending over the next five 
years by 10% in real terms. To achieve 
this, the so-called big sciences have been 
told that many major national projects 
cannot go ahead, and international 
facilities such as CERN, Institut Laue- 
Langevin and the European Space 
Agency have accordingly increased in 
importance. Subscriptions to these inter- 
nationai organisations amount to about 
30% of SRC’s budget, and go up every 


time the pound goes down. 

So now, in order to fulfil its inter- 
national obligations, the SRC is look- 
ing for £6 million more than it had 
budgeted for—with cash limits in 
operation to prevent it from simply 
going to the Treasury and asking for 


the difference. In fact the Treasury is 


prepared to sympathise to the tune of 
£2 million, so the SRC is left either to 
cut £4 million off domestic expenditure, 
to sweet-talk CERN into letting us pay 
less, or (the most likely) some combina- 
tion of these two. 

What can be done on the domestic 
scene? The SRC has relatively few 
options open, in that much of its 
money is committed for long-term pro- 
jects already half-done. Vulnerable 
spots are therefore new grant proposals 
and new research studentships. The 
new crop of research students is barely 
large enough to satisfy demand; even 
some candidates with first-class degrees 
have not vet been placed, and eight 
hundred candidates with upper-second 
degrees are going to be disappointed. 
On the research grants side the scene 
is even grimmer. At the last round of 
grani-giving there were significant 
numbers of applicants who failed even 


More on Argentina 


CONCERN about the plight of scientists 
in Argentina has grown steadily since 
we published a letter from Italian 
academics on the subject (July 22). It 
has become increasingly clear that a 
country whose scientific skills have 
been widely acknowledged and respec- 
ted is in the greatest danger of 
abandoning its intellectual traditions 
and becoming a scientific backwater. 
The number of academics and workers 
in research institutes who have lost 
their jobs is growing all the time, and 
some fairly detailed documentation is 
emerging. 

Inevitably, when left- and right-wing 
extremists are at loggerheads, some of 
those dismissed or detained will have 
had a history of political activity, and 
thus will be vulnerable to charges of 
using their position for political rather 
than academic purposes. But many 
others, relatively apolitical, seem to 
have been caught in the crossfire. 
When military politicians such as 
General Vilas can say that “until we 
can cleanse the teaching area, and 
professors are all of Christian thought 
and ideology we will not achieve the 
triumph we seek in our struggle against 
the revolutionary left”, there is little 
hope that anything resembling aca- 
demic freedom can survive. 


Even the Atomic Energy Com- 
mission does not seem to have escaped 
the general purge. At least eight em- 
ployees are known to have been 
arrested: Carlos Calle, Dr Domi and his 
wife Maria Dipace, Pedro Landeyro, 
Antonio Misetich (who worked for a 
time at MIT’s National Magnet 
Laboratory), Santiago Morazzo, 
Pedro Victoria. We know a little about 
their situation because Dr Virgilo 
Victoria-Troncoso, brother of Maximo 
Pedro Victoria and an ophthalmologist 
at the University of Ghent, Belgium, 
has recently been to see his brother 
(who has worked overseas, for example 
at Lawrence Radiation Laboratory) in 
prison in Argentina. He reports that 
the scientists, physicians and psychia- 
trists he saw in the Villa Devoto prison 
in Buenos Aires were kept in 35 cells, 
five to a one-bedded cell with dimen- 
sions 3m by 2.40m. They have been 
without meat for months. They have 
no legal representation, no charges 
have been brought against them and it 
is impossible to bring a writ of habeas 
corpus. “My brother”, says Dr Tron- 
cosco, “has been beaten up and he has 
lost teeth. The situation is worse than 
in a novel of Kafka”. 

It is difficult to see why nuclear 
scientists have been imprisoned except 
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though their application had been 
rated in the top category. This had 
never happened before. One of the 
options that the SRC is bound to be 
considering is that the next round of 
proposals (there are three a year) is 
simply dropped altogether. 

In the somewhat longer run, SRC 
may have to get down to the serious 


business of making some of its own 


staff redundant. It employs nearly 
3,000 in six laboratories and head- 
quarters. With generous redundancy 
terms to meet, the council is unlikely 
to benefit in the short term from such 
action, but it might be encouraged by 
the contents of a forthcoming Con- 
federation of British Industry docu- 
ment ‘The Road to Recovery’ which, 
according to The Economist, will sug- 
gest that industry could create a million 
new jobs, into which a hundred well- 
qualified SRC employees could surely fit. 

The irony of the SRC’s present crisis 
is that if grant giving is seriously cur- 
tailed it will be the ‘small sciences’ 
which will suffer, in order to keep the 
big sciences going—hardly ABRC’s in- 
tention when it looked to more use of 
international facilities by  Britain’s 
big scientists, J 


that there was a technical difference of 
opinion some time ago in which Dr 
Victoria, amongst others, was involved. 
It concerned the choice of fuel for a 
new reactor, and Dr Victoria and col- 
leagues favoured natural uranium 
whereas a group of military scientists 
favoured enriched uranium. The for- 
mer view prevailed and it may be that 
the military, which has in large part 
taken over leading civilian positions, is 
determined to settle an old score. 
What can scientists do in the face of 
the widespread breakdown of all the 
conventional respect for the intellectual 
life and academic freedom? Amnesty 
International (53 Theobalds Rd, Lon- 
don WC1) can provide extensive lists 
of missing Argentinian academics who 
could be written to—preferably in 
Spanish, because the authorities are un- 
likely to pass on anything in English. 
Dr Victoria’s address, for instance, is 
now 649, Unidad 2, Sierra Chica, 
Province of Buenos Aires, Argentina. 
A letter to Excelentisimo General 
Jorge Rafael Videla, Presidente de la 
Republica Argentina, Casa Rosada, 
Buenos Aires, Argentina couldn’t do 
much harm. And maybe it is going to 
be necessary to try and find academic 
places outside Argentina for these 
victims of extremist politics. CC 
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Watershed for poisons 


Colin Norman reports from Washington on US efforts 
to legislate on the controversial matter of toxic substances 


A FEW years ago, a group of industrial 
chemicals called polychlorinated bi- 
phenyls (PCBs) were enjoying spec- 
tacular commercial success, finding 
their way into a vast assortment of 
products ranging from electrical trans- 
formers to copying paper and food 
packaging. In fact, PCBs are so 
ubiquitous, and so indestructible, that 
virtually everybody living in an indus- 
triaHsed country now has detectable 
levels of the chemicals in his or her 
tissue. They are even turning up in 
human breast milk, they are present in 
the flesh of fish from many lakes and 
rivers, and they have been found in the 
bodies of animals from such remote 
places as Greenland. A number of 
studies have shown that, when fed in 
relatively large amounts to animals, 
they may cause cancer, reproductive 
disorders, metabolic abnormalities, hair 
loss, skin eruptions, and other health 
problems. 

Use of these versatile substances has 
now been curtailed in the United 
States. After five years of trying, the 
US Congress has finally passed land- 
mark legislation requiring many manu- 
factured chemicals to be screened and 
tested for toxic effects before being 
marketed. The grim saga of how PCBs 
became widespread environmental con- 
taminants long before their health 
hazards were fully known is, unfor- 
tunately, far from unique. Other well- 
known cases include vinyl chloride, 
asbestos, bis(chloromethyl) ether, car- 
bon tetrachloride and so on. And, 
though such occurrences are far from 
new (one novel theory even suggests 
that the decline of the Roman Empire 
may have been caused, in part, by lead 
poisoning from cooking utensils and 
wine vessels), they seem to be growing 
more numerous. 

It is not surprising that there are 
such frequent outbreaks of panic about 
the toxic effects of widely used che- 
micals. Civilised man is surrounded by 
thousands of synthetic chemicals, few 
of which have been screened for toxic 
effects, and even fewer have been 
exhaustively tested. According to an 
estimate published last year by the 
Manufacturing Chemists’ Association, 
for example, some 6,500 new chemical 
products reach the market each year. 
Yet only about 3,000 chemicals have 
even been tested for cancer-causing 
properties, in spite of widely accepted 
estimates that between 60 and 90% of 
human cancer is caused by environ- 
mental factors. 


In short, until now, chemicals have 
generally been accorded the same legal 
rights as people—they are assumed 
innocent until proven guilty. But last 
week, after years of argument, Con- 
gress took a significant step toward 
writing a new bill of rights for manu- 
factured chemicals. It passed legisla- 
tion, known as the Toxic Substances 
Control Act, which gives the Environ- 
mental Protection Agency (EPA) broad 
authority to require pre-market testing 
of some compounds, and the power to 
seek a court order to keep potentially 
hazardous chemicals off the market. 

The bill is a landmark piece of legis- 
lation for which environmentalists, 
some trades unions and health scientists 
have long fought. For the first time, it 
gives the federal government the 
power, in theory, to keep an eye on all 
manufactured chemicals, and it pro- 
vides at least a coarse filter to screen 
out potentially troublesome compounds 
before they do much damage. In the 
colourful words of Senator Warren 
Magnuson, a key supporter of the bill, 
it will ‘‘no longer allow the public or 
the environment to be used as a testing 
ground for the safety of these 
products”. 


Five vears of effort 

It took five years of intense argument 
in Congressional committee rooms and 
behind the scenes to get any toxic sub- 
stances legislation passed at all. The 
bill’s genesis was a 1971 report by the 
Council on Environmental Quality, 
which noted that although some classes 
of chemicals (such as pesticides, drugs 
and food additives) are regulated by 
individual Jaws, there is no federal 
authority to control the thousands of 
other compounds which flood the mar- 
ket each year. A year later, the Senate 
and the House both passed toxic sub- 
stances bills, but they were markedly 
different, and intense lobbying by in- 
dustry and by the Nixon Administra- 
tion prevented a final version being 
passed. The same thing happened in 
1973 and 1974, and until very recently 
it looked as though Congress would 
again fail to reach agreement on the 
legislation. The deadlock was broken 
during what one participani described 
last week as “‘three intense bargaining 
sessions’ between Senators and House 
members. 

What emerged was consequently very 
much a compromise measure, a fact 
which is reflected in comments last 
week from spokesmen for groups on 


both sides of the fence. “We support 
the bill as a workable compromise”, 
says Linda Billings, a Sierra Club lob- 
byist who has been following the ‘legis- 
lation throughout its tortuous journey 
through Congress. She noted, however, 
that it contains a number of weak- 
nesses and loopholes which will keep 
many corporate lawyers busy. Simi- 
larly, a spokesman for the Manufac- 
turing Chemists’ Association (MCA), 
the industry’s lobbying arm, said that 
the bill, “while tough’, is acceptable 
to the industry. He added, though, “I 
wouldn't say that we are real happy 


with everything that’s in the bil’. 
Spokesmen for some trades union 


organisations have also expressed satis- 
faction that a bill has finally been 
passed, 

One lingering doubt, however, is 
whether or not President Ford finds the 
bill to his liking. Throughout the Con- 
gressional fight on the legislation, the 
Administration has lobbied against the 
measure, arguing that it would be 
expensive and would constitute too 
much government regulation of private 
industry (a theme frequently sounded 
in Ford’s campaign rhetoric). But, 
since the bill now has broad support, 
and since a Presidential veto would 
give Jimmy Carter a gilt-edged cam- 
paign issue to exploit, Ford is expected 
to sign the legislation. 

A key feature of the bill—which 
Ms Billings describes as a “water 
shed”-—ds a requirement that EPA 
must be informed at least 90 days 
before any new chemical compound is 
placed on the market, or an existing 
compound. is sold for a new use. (The 
bill specifically exempts chemicals pro- 
duced in small amounts for research 
purposes, it should be noted.) The 
manufacturer must also send along 
whatever information he has on the 
toxicity of the compound, the amount 
to be manufactured, the likely human 
exposure, and so on. 

Then, if the EPA Administrator 
decides that the compound is likely to 
pose a hazard to the environment or 
to human health, or if he finds that 
there is insufficient information to 
judge the hazards, he can issue an 
order restricting or banning sale of the 
compound, at least until the required 
test data is available. 


Sticking point 

The EPA Administrator is clearly 
given very flexible authority fo deter- 
mine which compounds should be ex- 
haustively tested, and which should be 
let through the filter. That aspect of 
the bill has been the chief sticking 
point which has held up final agree- 
ment in Congress for the past five 
years. The deadiock was broken by 
writing into the bill a provision requir- 
ing that the Administrator’s decisions 
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must be reviewed by the courts if a 
manufacturer feels he has been unfairly 
treated. In short, if a manufacturer 
objects to an EPA ruling, the agency 
must seek a court injunction to put the 
ruling into effect. If EPA doesn’t go to 
court, the ruling would be nullified. 

Although that provision may seem 
like a huge loophole through which 
smart corporate lawyers can emasculate 
the legislation, many observers feel 
that in fact it will be relatively easy 
for the EPA to obtain an injunction. 
All that would be required, according 
to the bill, is a showing that the com- 
pound “may present an unreasonable 
risk of injury to health or the environ- 
ment’, or that it “may reasonably be 
anticipated to enter the environment in 
substantial quantities’, or that there 
has been insufficient testing for the 
hazards to be “reasonably determined 
or predicted”. 

Thus, the wording is so general that 
EPA should have a fairly easy time in 
proving its case, a fact which made the 
provision acceptable to environment- 
alists. “We don’t like it”, Ms Billings 
said last week, “but we recognise that 
it ds the best we could get”. Similarly, 
the chemical industry sees some merit 
in the provision. James Hanes, chief 
counsel for Dow Chemicals, who has 
been one of the most outspoken oppon- 
ents of the bill, told Nature that the 
idea “at least gives the industry the 
chance to contest the decision out in 
the open”, though he noted that “I 
don’t really see the courts requiring an 
overwhelming burden of proof here’’. 

If EPA obtains its injunction, it can 
then specify what tests it requires, and 
the industry would then be in the posi- 
tion of having to prove that a product 
is safe before placing it on the market. 


Priorities committee 

As far as existing chemicals are con- 
cerned, the bill requires the setting up 
of an inter-agency committee charged 
with the task of drawing up a list of 
chemicals whose toxicity is open to 


USA 


question. The committee will assign 
priorities to chemicals and, within 12 
months, the EPA Administrator is re- 
quired either to issue orders for testing 
the top 50 compounds, or to explain 
why he feels testing isn’t necessary. 

The bill will clearly place a huge 
burden on EPA, which is required to 
go through masses of data on 
thousands of chemicals, decide which 
need testing and which should be 
allowed on the market, go to court to 
obtain injunctions, and exercise con- 
siderable judgment on what actions are 
necessary. Therein ties the bill's 
greatest potential weakness, according 
to many observers. 

To carry out this Act, the bill autho- 
rises expenditures of only $10 million 


this vear, rising to $12.6 million next 


year and $16 million the year after. 
Those figures should be compared with 
the $125 million which EPA was bud- 
geted to enforce the Clean Air Act, or 
the $200 million a year budget of the 
Food and Drug Administration. It is 
difficult to see how EPA can effectively 


enforce the Toxic Substances Act 
with such small resources, and some 
observers have suggested that the 


upshot will be that EPA will be forced 
to concentrate on a few chemicals and 
allow many to slip through the net. 
Monetary matters have also been a 
major source of concern to the che- 
mical industry throughout the long 
Congressional fight over the bill, 
though for different reasons. There 
have been numerous studies of what 
the bill may cost the industry in terms 
of testing facilities, legal costs and 
administrative requirements. Large- 
scale animal tests are very expensive to 
conduct—according to estimates given 
in testimony before a House committee 
by officials from DuPont, for example, 
a complete battery of tests can cost 
up to $500,0000. Such figures have thus 
led to arguments that the bill will stifle 
the development of important che- 
micals which may only have a short 
production run. Some of that concern 


Science Court on guard 


A number of prominent scientists and 
government officials met last month to 
discuss a proposal to establish a 
‘Science Court’ in the United States, to 
examine complex scientific issues which 
have a bearing on public policy. The 
proposal (see box) has recently been 
receiving considerable publicity in the 
United States. Wil Lepkowski reports 
from Leesburg, Virginia 


AT first blush, the idea of a Science 
Court sounds a bit intriguing if not a 
mite exciting: a forum of distinguished 
scientists and engineers gathered to- 
gether in court for sifting, filtering, and 
distilling contradictory facts into one 
sparkling supernatant of truth. The 
world of political decision-making is so 
messy, proponents of the science court 


assert, that officials would welcome a 


little plain, unvarnished truth from a 
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has, however, been reduced by the pro- 
vision exempting research chemicals 
from the bill. 


Assessing the cost 

As for the total impact of the bill 
on the industry, Dow Chemicals has so 
far come up with the highest figure, 
estimating that the legislation will cost 
chemical manufacturers up to $2,000 
million a year. The MCA thought that 
the cost would probably lie between 
$360 million and $1,300 million, while 
EPA suggested that it would only be 
about $80-140 million. 

Whatever the cost may turn out to 
be, it will be relatively small compared 
with the massive total sales volume of 
the industry, or with the costs of treating 
cancers and other diseases related to 
environmental factors. The large cost 
of animal tests, moreover, should pro- 
vide a strong incentive for industry to 
develop accurate, short-term in vitro 
tests, such as the system developed by 
Dr Bruce Ames at the University of 
California. Already, many large firms 
are looking closely at such systems, 
and are using them as rapid screening 
devices, essentially to develop priorities 
for animal tests. 

It now remains to be seen whether 
or not President Ford will sign the bill. 
If he refuses, he not only runs the risk 
of the matter developing into a cam- 
paign issue, he would also probably do 
the chemical industry more harm than 
good. This bill swept through the Con- 
gress with support from both Demo- 
crats and Republicans, there is 
certainly strong public pressure for 
such legislation—especially since the 
panics over PCBs, vinyl chloride and so 
on—and the polls now indicate that the 
Democratic majority in the Congress 
will be much stronger next year. All 
those considerations suggest that an 
even tougher bill would emerge from 
the next Congress if this bill expires. 
That is one reason why the chemical 
industry has decided to give this bill at 
least its lukewarm support. w 





forum that has no political stake in 
public issues. 

This is a fairly accurate, if not pre- 
cise, description of the idea behind the 
science court, which is mainly the in- 
vention of Dr Arthur Kantrowitz, pre- 
sident of the Aveo Research 
Laboratories. For about a decade, Dr 
Kantrowitz has been tirelessly giving 
on and off the cuff speeches on the 
need to establish such a court and, 


after a good deal of effort, he finally 


succeeded in securing government sup- 
port for a colloquim on the subject. It 
was held last month at the Xerox Cor- 
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poration Training Center in Leesburg, 
Virginia. 

About 300 people came, representing 
law, science, engineering, industrial 
management, government administra- 
tion, social science, and general sub- 
jects. No one from the humanities was 
observable, unless one counts anthro- 
pologist-oracle Margaret Mead. Dr 
Mead was the sole bearer of mirth into 
what was otherwise a dull, juridical 
gathering. She was in general kind, 
affirmative, but at one point called the 
affair a publicity meeting. That may be 
unkind to Dr Kantrowitz, who in sin- 
cerity is outranked by no one. But the 
whisperings around Washington in that 
small circle called the science policy 
community (not to be confused with 
the working scientists) is to give Kan- 
trowitz his day and let the whole idea 
collapse under its own unworkable 
pretensions. 

Nothing was really decided at the 
colloquium. Individuals theorised how 
it might work, what might be the snags, 
how the right panels of experts would 
be picked according to the issue under 
debate, who would choose the experts, 
how information would pass between 
the court and the regulatory agency 
subscribing to it, what the procedures 
would be for cross examination, how 
the public would participate, whether 
the system already works well enough. 
In short, the meeting was a mélange of 
speculation. It is probably accurate to 
say that Dr Kantrowitz, who heads a 
science court task force set up by a 
now-disbanded White House science 
advisory committee, will get a little 
money to do a science court experi- 
ment with a regulatory agency. That’s 
what he intends to do. In fact, the 
colloquium’s point was to hash over the 
elements of such an experiment. 

Two concrete issues were discussed 
around which an experiment might be 
devised: food additives and nuclear 
power. Both issues have enjoyed and 
lamented over huge outpourings of 
fact, opinion, and acrimony over many 
years. In both cases the matter boiled 
down to the free flow of information 
facts withheld by government and in- 
dustry that no science court could pry 
loose. And anyway, one could make a 
fairly substantial case for the “fact” 
that science courts already exist-— 
through panels serving regulatory agen- 
cies, through the National Academy of 
Sciences, through existing legal courts, 
in other words through a system within 
the American democracy that, after all 
is said and done, does indeed spot the 
scallawags. 

Tt is certain that the experiment will 
be tried. The President’s science 
adviser, Guyford Stever, gave it cau- 
tious endorsement. Even the Com- 
merce Secretary, Elliot Richardson, 
said it might as well be tried, although 
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Science court: specifications 


A top-level science advisory committee, established by President Ford last year to 
prepare the way for the re-establishment of a White House science policy office, 
recommended that the Science Court idea should be given serious consideration. H 
established a task force, chaired by Dr Arthur Kantrowitz, which has drawn up the 


following specifications for the court: 


Initiation 
1. The experiment will begin with agree- 
ments between the Science Court 


Administration (SCA), the host institu- 
tion and the funding institution concern- 
ing the plans for the experiment. 

2. The first step will consist of contacts 
with regulatory agencies and others to 
search for a suitable issue. The first issue 
will be presumed to be bi-polar and will 
be presumed to be a value laden decision 
which must be made by the agency and 
in which the scientific facts are 
apparently in doubt. 

3. An agreement with the regulatory 
agency to supply necessary legal powers 
for uncovering non-public information if 
necessary. 


Organisation 

4. The SCA, equipped with an issue and 
funds, will seek Case Managers (CMs) 
for each side of the issue. The work of 
the CMs will be funded by the SCA. 
5. The SCA will issue procedures, sug- 
gested referees, and a panel of pros- 
pective judges. 

6. The CMs will review these sug- 
gestions. The experiment will go forward 
only after both CMs agree on the 
referee, the judges and the procedures. 
A signed agreement to proceed will 
commit the SCA, the funding agency, 
the regulatory agency, the CMs, the 
judges, and the referee. 


Suggested procedures 

7. The CMs formulate a series of factual 
statements which they regard as most 
important to their cases. Such statements 
must be results or anticipated results of 
experiments or observations of nature. 


it shouldn’t be confused with a court 
of law. Stever did imply, however, that 
one shouldn’t expect too much. 

The mythology behind the science 
court concept does deserve an analysis 
that the colloquium did not consider, 
The question concerns reasons why the 
science court idea is deemed so urgent 
as to have a whole colloquium called to 
discuss it. Industrialists seem to want 
it because they are convinced that 
strident opposition to technology by 
environmentalists are stifling their own 
freedom to make fair profits. Scientists 
and engineers seem to be for it because 
it gives them the chance to establish 
order in forums often run emotionally. 
Environmentalists and public interest 
figures are against it because they fear 
their positions will be muted by a scien- 
tific elite that has little feeling for 
human needs. And lawyers are against 
it because they feel court procedures, 
if done right, hear all sides to a case, 
within human limits of patience, 
tolerance, and intelligence. 

On the scope of reality, the science 
court seems of little importance 
beyond a possibly interesting intel- 


The statements should be ranked in | 
order of importance assigned by the CM. 
8. The judges examine each statement to | 
determine that it is a relevant scientific | 
fact. 

9, The CMs then exchange statements. | 
Each side is invited to accept or chab {| 
lenge each of the opponents statements. | 
10. The list of statements accepted by | 
both sides will constitute the first output | 
from the SC. : 
11. Challenged statements are first dealt | 
with by a mediation procedure in which | 
attempts. are made to narrow the area of | 
disagreement or to negotiate a revised | 
statement of fact that both CMs can | 
accept. : 
12. The mediated statements are added 
to the SC’s output. Those statements | 
which remain challenged are then sub- | 
jected to an adversary procedure. 

13. CMs prepare substantiation papers 
on statements remaining challenged and | 
transmit these to the judges and the | 
opposing CMs starting with the first | 
(most important) challenged statement. 
14. The substantiation is cross-examined 
by opposing CMs and judges and con- | 
trary evidence is presented and crosse | 
examined. 
15. A second. attempt to negotiate a | 
mediated statement is made and if | 
successful this statement is added to the | 
Science Court’s output. 

16. If this is not successful. the judges | 
write their opinions on the contested | 
statement of fact. 

17. This procedure is repeated for each | 
of the challenged statements, : 
18. The accepted statements. plus the | 
judges’ statements constitute the final | 
output of the procedure. 


lectual exercise. Regulatory agencies 
make literally dozens of decisions daily. 
Hundreds of scientific panels are called 
to aid in those decisions——little courts, 
if you will. The National Academy of 
Sciences runs a series of Science 
Forums every few weeks or so in which 
the public actually does debate with 
scientists the validity of scientific find- 
ings relevant to public issues. The 
administrators of the: ice Forum 
aren’t pretentious enough to believe 
their procedures heavily influence deci 
sions. But some follow-up st “ae: 
indicate that the debates raise the 
sonal and collective consciousness to a 
degree satisfactory to anyone wise 
enough to understand that people 
aren’t swayed very easily. 

The trouble is that no one quite 
knows what to think of the Science 
Court. It is a difficult target to attack 
because the subject is virtuous. Many 
simply don’t feel it is worth much. 
One might call the feeling the accu- 
mulated wisdom of those who have 
been through the course of using 
scientific facts in the pursuit of the 
common weal, a 
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SWEDEN 





Swept in on the green wave? 





From Stockholm, Wendy Barnaby 
assesses what the result of the recent 
Swedish general election could mean 
for science in that country 





AFTER 44 years in power, Sweden’s 
Social Democrats have been defeated 
at the polls. Their general approach to 
science was not discussed in the elec- 
tion campaign. But scientific assess- 
ments became very important in 
the debate which dominated its final 
Stages: whether or not to push ahead 
with the Social Democrat's plan to 
make Sweden the world’s largest pro- 
ducer of nuclear energy per capita by 
1990. The scientific input was drama- 
tised by a telegram sent two days before 
the election by the American Union of 
Concerned Scientists to the Prime Min- 
ister, Olof Palme, challenging his view 
that nuclear waste disposal problems 
are on the way to being solved. 

Although the non-socialist parties 
which will now form a coalition 
government are split on the nuclear 
issue, the pre-election battle lines were 
drawn between the Social Democrats 
on the one hand and the anti-nuclear 
energy Centre Party, the largest non- 
socialist party, on the other. And in 
spite of the enormous organisational 
and governmental machinery at the 
Social Democrats’ disposal, it was the 
arguments of the non-establishment 
scientific community which ultimately 
appealed to the Swedish voters. 

The Centre Party, traditionally the 
political voice of the Swedish farmer, 
has in the past few years been the 
champion of the so-called ‘green wave’: 
demands for decentralisation of popu- 
lation and power, environmental pro- 
tection, the careful use of finite 
resources and—in the energy field 
the development of reliance on renew- 
able resources such as wind and solar 
power. According to the party’s spokes- 
man on scientific affairs, Bengt Sjönell, 
one of the new government’s aims will 
be to bring the Swedes into balance 
with nature as far as energy resources 
are concerned. The first test of how 
this rather idealistic hope is to be 
realised will come less than 2 months 
after the formation of the new govern- 
ment, early in October, when the squat 
Barsebäck 2 nuclear power reactor, 
becomes ready for fuel insertion, 

The Centre Party’s leader (the new 
Prime Minister), Thorbjörn Fälldin, is 
personally and publicly committed to 
stopping the loading of fuel into any 
more reactors. (He has also promised 
close down those five reactors 
already in operation.) Nobody doubts 


the strength of his commitment. But 
the problem with Barsebäck 2 is how 
fuel loading can be prevented. One 
proposal is to prohibit the insertion of 
fuel by passing a succession of laws 
cach valid for one month at a time 
until compensation can be negotiated 
with the reactor’s owners, who have 
demanded $445 million from the 
government. The trouble with this is 
that the reactor is owned by a private 
company, Sydkraft, and for a non- 
socialist government to make its legis- 
lative debut with such regulation of 
private industry would be politically 
unpalatable. To get around this diffi- 
culty, it has been suggested the Nuclear 
Power Inspectorate—a state body which 
checks reactors under construction and 
in operation to see that they conform 
to agreed standards—could prohibit 
fuel loading at Barsebäck 2. But that 
organisation is itself not at all happy 
with the idea. Its brief covers purely 
technical areas, and although the check- 
list for the reactor has not yet been 
entirely worked through, there have 
so far been no technical hitches. Dr 
Arne Hedgran, a representative of the 
inspectorate recently made it quite 
clear that the organisation does not 
want to become involved in the 
government’s political problems. 

The tangle over Barsebäck 2 is the 
most pressing problem faced by the 
new government; not only because of 
the time factor but also because the 
Centre Party’s credibility will be 
greatly affected by its handling of the 
situation, In its very first days of power 
it will have to come to grips with the 
issue held to be largely responsible for 
its victory. 

The influence of the already-powerful 
environmentalist groups will no doubt 
increase under the new government, 
partly because of official willingness to 
listen, but also because of significant 
gains by the environmentalists in the 
local elections held at the same time as 
the national ones. One such local result 
has particularly far-reaching national 
and international implications. <A 
victory by groups opposed to the 
mining of uranium near Billingen, 
350km south-west of Stockholm, 
means that uranium reserves estimated 
to be the West’s largest in the next 
economical price range cannot now be 
exploited for at least three years. The 
mining firm LKAB had been hoping 
to mine them either for domestic use or 
for export. 

Beyond the immediate problems, 
what sort of initiatives in science policy 
can be expected from the Centre Party? 
It should be mentioned that Sweden 
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Fälldin, commi tted 


has no ministry of science: the admini- 
stration of science instead falls to 
various other ministries. Those most 
concerned are Education, Industry and 
Agriculture, but even they exert little 
pressure on the direction of research. 
Once funds have been allocated to the 
extraordinarily varied array of insti- 
tutes and research bodies, each 
research group is practically auto- 
nomous in deciding how they are to be 
spent. Consequently, it is often hard 
to see whether Sweden has any science 
policy as such at all. 

One trend which is, however, 
apparent in all this diversity is the 
priority given to applied research over 
basic research. This emphasis has been 
responsible for the present plight of 
so-called basic technical research, 
which has been practically squeezed 
out of existence in Sweden. Bengt 
Siönell recently declared that the 
Centre Party wants to strengthen 
the relative position of basic re- 
search, and stressed specifically that 
support for basic technical research 
would be increased. But the party's 
intentions have not yet been expressed 
in detailed proposals, or even in con- 
crete plans, though in tertiary 
scientific education, the party will try 
to tempt students hack to research 
in the natural sciences, whose current 
unpopularity has been raising questions 
about Sweden’s long-term scientific 
research capabilities. But Sjönell seems 
unaware of the potential of the Inter- 
national Energy Institute due to begin 
work here next year. Although the 
government will have no control over 
the work programme at the institute, 
it is a reasonable bet that much of the 
research done there will be directly 
relevant to official aims. And for a 
government whose interest in science 
is concentrated in the energy field, the 
value of such research should not be 
underrated. In other areas of Swedish 
science, the prognosis is business as 
usual. 
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IN BRIEF t—sSSSSC( 


NIH budget veto overridden 


A few days before it adjourned for the 
November elections, the US Congress 
firmly overrode a Presidential veto of a 
budget bill for the National Institutes 
of Health (NTH), thereby increasing 
NIH’s biomedical research funds by 
more than $200 million in the fiscal 
year which began on October 1. The 
bulk of the increase will go to the 
National Cancer Institute (NCI), whose 
budget will soar from $762 million to 
$815 million. Also set for a large in- 
crease is the National Heart and Lung 
Institute, which will get $397 million, 
up from $370 million last year. The 
final budget levels represent a consider- 
able victory for supporters of the 
cancer programme, for the Ford Ad- 
ministration had recommended that the 
NCI’s budget be held approximately 


ALTHOUGH the sixth report of the 
Royal Commission on Environmental 
Pollution, and various informed com- 
ments on it, have shown that there ts 
widespread concern in Britain about 
the rapid development of nuclear 
power in general, and of the fast 
breeder reactor in particular, those 
responsible for the safety of atomic 
energy and nuclear fuels have come 
well out of the controversy, En- 
gineers, scientists and those working 
in nuclear power stations have be- 
haved responsibly in this respect, and 
have scrupulously observed the most 
rigorous safety precautions. Many of 
us may doubt whether we need this 
massive development in electrical gen- 
eration which the Department of 
Energy thinks necessary, when we 
already have 50% more capacity than 
the peak load, and when demand is 
falling, but that is another matter. 
There is little doubt that if the 
nuclear generating industry is ex- 
panded as planned (sic) the same high 
standards of care will continue to be 
exercised, though the statistical 
chances of accidents must inevitably 
increase. 

Therefore if we are to have more 
nuclear power stations, we must con- 
stantly review and improve safety 
precautions, At present there is a 
series of safety regulations laid down 
and agreed internationally; unfortun- 
ately some of these are not entirely 
practical. Thus the specifications for 
the containers, each weighing some 
45 tonnes, in which nuclear fuel is 
shipped around the country, are in- 
tended to ensure that the risks of an 
escape of radiation or radioactive 
materials are very small indeed. The 
vessels are designed to resist such 
mishaps as a fall of several metres, 
though there is doubt whether they 


constant and that the other NIH insti- 
tutes be given modest increases. 


Air Act problem 

The US Congress has handed the auto- 
mobile industry a tangled legal problem 
by failing to pass amendments to the 
Clean Air Act before it adjourned last 
week. The amendments would have 
relaxed emission control standards for 
1978 model cars, which the industry is 
already gearing up to produce. Mem- 
bers of Congress failed to agree on the 
bill, and it died when the session ended 
in the early hours of Saturday morning. 
Thus, unless the new Congress ap- 
proved laxer standards when it con- 
venes next January, the industry will 
be faced with the choice of producing 
illegal cars or closing down. That, in 
fact, is exactly the situation that the 


are strong enough to remain intact if 
the train carrying them was derailed 
at a high speed. 

The regulations state that they 
must be able to resist a temperature 
of 800 °C, uniformly applied to the 





whole of their surface. Unfortunately 
the experts of British Nuclear Fuels 
Ltd have found it impossible to devise 
a technique by which the containers 
can be subjected to the conditions 
laid down by the international auth- 
orities. They have spent—or wasted— 
some half a million pounds trying to 
devise a method of giving exactly the 
correct exposure to this high tem- 
perature. As this sort of temperature 
exposure appears to be impossible to 
produce, it is difficult to understand 
why this particular standard was set. 
We wish to be sure that our nuclear 
fuel is safe when the containers are 


industry has been trying to engineer. It 
believes that the threat of wholesale 
closures and high unemployment in 
Detroit will be sufficient to force the 
new Congress to meet its various 
demands. 


UK changes 
Under the rearranged provisions for 
science policy formulation in Britain, 
the UK government has appointed a 
37-year-old biochemist from Essex 
University, Professor John Ashworth, 
to the Cabinet Office’s Central Policy 
Review Staff for a two-year period. 
Elsewhere, Professor J. L. Gowans, 
52. will be the next Secretary of the UK 
Medical Research Council, taking over 
from Sir John Gray in April 1977. He 
is presently Director of the MRC's 
Cellular Immunology Unit. 


exposed to the sort of hazard which, | 
in practice, is likely to be encoun- | 
tered. Uniform caditions of 800 °C 
continued for twenty minutes do not 
constitute one of these. It would 
surely be better to devise a “standard 
fire’ similar to one likely to be ex- 
perienced by the nuclear fuel when in 
transit, and to put the containers 
into it. 

A similar attitude to that which 
sets up these unreal safety standards 
may sometimes be demonstrated by 
those responsible for our defence. 
Some years ago conservationists were 
urging the War Office to give up an 
area of Britain’s coastline, where the 
sand dunes were of great natural 
history interest. The War Office was 
reluctant to part with the land, giving 
as an excuse that it was of the greatest 
importance for military training 
because it was “unique” and irreplace- 
able by any other area which was 
available. When I heard this I could 
not help wondering how it was to be 
used for training our forces, Tf it was 
indeed unique, then any military €x- 
ercise performed there would have 
littl relevance to those done on 
other, quite different, terrains. In fact 
the only value of this special piece of 
coastline would be in order to train 
our forces to defend it. Surely train- 
ing would be better done on a more 
typical area, with conditions similar 
to those found in many parts of the 
globe? 

We need to be protected from 
danger by safety standards for haz- 
ardous industrial processes, and by 
the possession of efficient military 
defences. In both cases we should 
first decide exactly what we need to 
be protected from, and then we can 
set up practicable standards to which 
we can work. 
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Doping amorphous silicon 


from Andrew Holmes-Siedle 


Recently (see News and Views, 260, 
667; 1976) a group at the University of 
Dundee (Spear et al., Appl. Phys. Lett., 
28, 105; 1976) reported that, for the first 
time, a p-n structure had been made 
from amorphous silicon only. This 
achievement demonstrates that, con- 
trary to common belief, amorphous 
material can be doped” by impurities. 
Such a finding effectively eliminates one 
of the hypotheses which has been aired 
to explain the suppression of doping in 
amorphous materials—namely that the 
valence bond of the dopant atom 
(which cannot be satisfied within a 
constrained crystal structure) can 
usually be accommodated and satisfied 
by an atom of the disordered matrix. 
Here, however, is a truly amorphous 
silicon matrix which can be made either 
p-type or n-type by the addition of 
boron or phosphorus, although more 
dopant is needed than for the case of 
crystals. 

Spear LeComber have 


and now 


published some more basic investi- 
gations on conductivity and field effects 
in a much simpler structure, namely 
a silcon film of only one conduction 
type (Spear and LeComber, Phil. Mag., 
33, (6) 935-949: 1976) and their new 
account shows that my earlier com- 
ments on the “apparent inefficiency of 
doping’ and my implication that dis- 
order in these silicon networks was 
still largely “negating” the electrical 
activity of the dopant atoms was an 
oversimplification. In fact, quite a 
large fraction of the dopant atoms is 
ionised, as we shall see below. 

Spear and LeComber deposit the sili- 
con films by glow-discharge decomposi- 
tion of silane on glass, using phosphine 
or diborane as dopant gases. This is a 
well-known technique but is the first 
intensive study of the product. They 
found that the conductivity of the 
films could be controlled in unprece- 
dented fashion for. amorphous 
materials, from 1077 to 107 (ohm cm)". 





A FOOTNOTE to the work reported here 
is now required because, as might 


have been expected, the possible 
use of amorphous silicon films to 
make photovoltaic p-n diodes has not 
been ignored, The first to publish is 
RCA Corporation: others will prob- 
ably follow shortly. The RCA work- 
ers, D. E. Carlson and C. R. Wronski 
(Appl. Phys. Lett., 28, 671; 1976), 
have made thin-film, back-surface 
amorphous-silicon solar cells on. glass 
by a deposition process essentially the 
same as Spear and co-workers at Dun- 
dee (glow-discharge deposition of 
silane gas) but the RCA films used are 
thicker than the Dundee films and 
have an undoped (“intrinsic”) region 
of thickness about 1.5 um between 
the p and n-type regions. The 3.5 cm 
cells produced have a terrestrial solar 
conversion efficiency of 2.4% and the 
authors estimate that the theoretical 


efficiency of their p-i-n structure 
should be 14-15%. Thus, the unex- 
pected finding that useful junction 
barriers can be rather easily produced 
in amorphous silicon may lead to a 
surge of effort to produce low-cost, 
large-area solar energy converters by 
this method. The economic advan- 
tages of thin-film devices over ingot- 
grown semiconductor devices have 
been stressed and we may now be 
avoid the problem of the polycrystal- 
line thin-film approach. 

Though surprising advances have 


recently been reported in fabrication 


of polycrystalline silicon cells (5% 
efficiency claimed for large-area poly- 
crystalline films deposited on graphite, 
Electronics, 33, June 24, 1976) the 
grain boundaries, which constitute a 
completely unwanted barrier to car- 
rier transport in such films, are dis- 
pensed with in amorphous layers. 





In the past, sputtered films have usually 
had very low conductivity and any 
changes achieved (for exampie by heat 
treatment—see stippled area of figure) 
were caused by changes in the density 
of intrinsic defects, sometimes called 
“dangling bonds”, rather than by true 
doping effects. Such ability to control 
conductivity could open up the tech- 
nological uses of thin-film amorphous 
silicon—-a very desirable thing because 
of the cheapness and large possible 
areas of such films. However, there are 
some formidable, fundamental and 
technological barriers to be surmounted 
before devices competitive with single- 
crystal silicon forms can be created. 
The efficiency of doping as it affects 
conductivity is still quite poor, for some 
fundamental reasons. First, the mo- 
bility of carriers in the disordered 
matrix is lower than for single-crystal 
semiconductors. Second, many carriers 
are immobilised in a class of energy 
states special to amorphous semi- 
conductors (‘mid-gap states’). The 
achievement of Spear and LeComber 
is to reduce these states until at least 
a small proportion of the electrons and 
holes, freed from the dopant atoms, 
appear in conduction states. Neverthe- 
less, the poor relative efficiency of 
dopant atoms in producing conductivity 
is clearly shown up in the figure, ad- 
apted from the new measurments of 
Spear and LeComber (crosses) and 
other data (full lines, dotted lines). 
Np’ was estimated tentatively by Spear 
and LeComber from the temperature 
dependence of conductivity in the 
amorphous films, with supporting evi- 
dence from chemical analysis and 
photoconductivity measurements. The 
shaded area shows the difference be- 
tween amorphous and single-crystal 
material. While further work may 
bring these curves somewhat closer to- 
gether, there is no immediate clue as 
to how this may be done, In the new 
material, the density of electron states 
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in the middle of the gap may be as 
low as 10 cm™@eV"'. This is a huge 


improvement over previous films, 
which had densities as high as 
10° cm“ eV at mid gap, but how 


much further can we go towards the 
case of single-crystal silicon, with a 
density of virtually zero? Some opinion 
says that the gap in the figure prob- 
ably cannot be closed much more, but 
it is still a fascinating question. 

Many other fascinating questions will 
doubtless be raised during further 
basic physical studies on the new 
material. With diodes, for example, re- 
combination in amorphous networks 
can be explored, recombination being 
the property which most affects gain in 
transistors. With the doping techniques, 
we can refine our models of electron 
and hole transport in regimes not poss- 
ible before and thereby redress our 
present ignorance about the environ- 
ment of substitutional impurities in dis- 
ordered networks, Out of such work 
could grow the expertise necessary to 
exploit this second generation of 
amorphous films. 


Comparison of conductivity against 
doping curves for single crystal silicon 
and amorphous silicon (a-Si). 


Chlorophyll dimer and triplet states - 


photosynthesis? 


from Godfrey Beddard 


Ir has been known for some years that 
the initial photochemical act in photo- 
synthesis is the formation of an oxidant 
P*, and a reductant X~ resulting from 
excitation of the reaction centre PX, 
either directly by light absorption or 
indirectly by ‘energy transfer from 
accessory pigments. This reaction centre 
is composed of a special chlorophyll 
complex, the electron donor, closely 
associated with an electron acceptor. 

The nature of the reaction centres 
has been the subject of much interest 
and speculation and recently experi- 
ments using optical spectroscopy and 
magnetic resonance techniques have 
resulted in a detailed picture of 
the bacterial reaction centre Ps. and 
the characterisation of the two reaction 
centres Pw and Psy of green plants. 
Chlorophyll dimers have been impli- 
cated in all three types and recently 
electron spin resonance (ESR) spectra 
exhibiting the CIDEP phenomenon 
suggest that chlorophyll triplet states 
are also involved, as described Mc- 
Intosh and Bolton (Nature, 263, 443: 
1976). 

Picosecond spectroscopy on bacterial 
reaction centres has revealed transient 
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absorption changes, implicating both 
bacteriochlorophyll (BCh), and mac- 
teriopheophytin (BPh). The transient 
forms in 8 ps and decays with a 150 to 
250 ps lifetime concomitant with Psx‘ 
xX” formation. (Rockley, et al. Proc 
natn. Acad. Sci. U.S.A., 72, 2251; 
1975: Kaufmann, et al. Science, 188, 
1301; 1975). Fajer et al. (Proc. natn. 
Acad. Sci. U.S.A., 72, 4956; 1976) pro- 
posed that the primary electron 
acceptor was not an iron—ubiquinone 
complex as was previously thought, but 
was instead bacteriopheophytin. In an 
elegant experiment Fajer et al. repro- 
duced the transient absorption spectrum 
of the reaction centre from the differ- 
ence spectrum; (BCh)).*:—(BChl: plus 
BPh” —Bph. Agreement was found for 
all absorption bands from 350 to 
1,.250nm as a transient absorption of 
(BChl).*° has been detected at 1,250 nm. 
(Dutton ef al, FEBS Lett., 60, 275; 
1975). 

Triplet state zero-field parameters 
have enabled Clark ef al. (Biophys. 
Biochem. Res. Commun., 71, 671: 
1976) to determine that the two BCh] 
molecules in vivo are tilted at 48° and 
rotated by 78° to one another. Further- 


Doping levels (cm~ *) 


459 


g=32 x 107 Np 











Single crystal Si 


Intrinsic conductivity » 
| Glow-discharge| 


xtSi E= 1.12eV J 
"i : deposited.a-Si 
f 
f 
A 
/ 


-e h ed 


Defect controlled 
conductivity, a-Si 


n-Type conduction 


10'3 104 105 10" 1077 1078 104% 102° 107! 
Ngo 


key roles in 


linewidths indicate 
dimeric BCh! species are present, 
(Feher, et al, Ann. N.Y. Acad. Seh, 

244, 239; 1975; Norris, ef al, ibid., 

239; 1975) and in addition electron spin 
polarisation indicates that the primary. 
act is a radical pair formation. (Thur- 
nauer, et al, Proc. natn. Acad Sei. 

U.S.A., 72, 3270; 1975)... These experi 
ments support a model of the bacterial 
reaction (in Rhodopseudomonas. sphae- 
roides) in which the charge- 
process forms the ion pair (B Dat 
BPh”: before the reduction of the 
ubiquinone “primary” acceptor. 

The chlorophyll-a species of photo- 
system I reaction centres——Pya-——has a 
bleachable absorbance at 703 nm and a 
characteristic ESR signal. fa vivo 
ENDOR linewidths indicate that Pro 
contains a (Chl: species (Feher, ef ala 
op. cit, Norris, et al., 


more ENDOR 






this dimer has the form (Chi-ROH): 
with R=H, ethyl or protein. Sh oman 
et al., Proc. natn. Acad. Sei. | 
73. 1791; 1976) This 

dimer has absorbance and} 
similar to Pro”. The. 
bonds to the Mg of Ch 
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op. cit.), and 
Shipman has recently proposed that Pee 
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hydrogen bonds to ring V carbonyl of 
the other Chl. As ROH, RNH, RSH 
compounds also form dimers this pre- 
sents the intriguing idea that the in vivo 
cimer may be bound to similar groups 
in a protein but at present no experi- 
ments have been reported to test this 
idea. 

Perhaps the most interesting obser- 
vation on Pr» is a transient electron 
proton resonance (EPR) emission spec- 
trum produced by a single light flash 
on chloroplasts at room temperature. 
(Blankenship, et al., Proc. natn. Acad. 
Sci. U.S.A., 72, 4943; 1975). The EPR 
signal is thought to be that of the 
primary acceptor as it does not corres- 
pond to Pimw* or a ferredoxin. 

The emission is caused by the two 
spin states, normally thermally popu- 
lated to 0.1% of one another, obtain- 
ing a significant population difference 
as a result of a particular chemical 
reaction favouring one state over the 
other. This phenomenon is called 
chemically induced dynamic electron 
polarisation (CIDEP). Immediately 
after the radical anion of the acceptor 
is formed the spin states still have the 
same populations as the anion’s pre- 
cursor and a CIDEP signal is observed 
until spin lattice relaxation equalises 
the spin populations. A triplet state of 
Chl is thought to be responsible for the 
emission from photosystem Í, as a 
radical pair, which can also generate 
CIDEP are unlikely to diffuse together 
in the reaction centre. 

There is still much controversy about 
the identity of the primary acceptor for 
Pie. Malkin et al. (Biochim. biophys. 
Acta, 430, 399; 1976) maintain that the 
acceptor is a ferredoxin, but McIntosh 
and Bolton (Biochim. biophys. Acta., 
430, 555: 1976) and Evans er ql., 
(Nature, 256, 668: 1975) dispute this 
and claim that a species with ESR 
signal g==1.76 is the primary acceptor 
and that ferredoxin has a secondary 
role. The relationship of the signal seen 
by Blankenship to these acceptor 
signals is not known. The evidence is 
not as complete as with the bacterial 
reaction centre but the initial charge 
separation in photosystem I appears to 
produce a (ChI)* species and an un- 
identified radical anion before the fer- 
redoxin is reduced. 

Much less is known of photosystem 
Wf reaction centres, Pes, than of Pros, 
although there is good evidence that 
Peso is the primary donor, possibly a 
chlorophyll dimer (Pulles, et al., Bio- 
chim. hiophys. Acta., 440, 98; 1976). 
The observation, by McIntosh and 
Bolton, of a CIDEP emission from 
Chl in photosystem IT is thus of par- 
ticular interest as this signal can only 
arise from a Chl triplet state at the 
temperatures used. They suggest that 
the triplet state forms very rapidly from 
the singlet by the formation of a Ch} 


Chr species. The primary acceptor 
would then have to be adjacent to the 
dimer in order to accept the electron 
at a rate much faster than the charge 
recombination for efficient charge 
separation to occur. 

Many similarities between reaction 
centres are now emerging. All involve 
chlorophyll dimers; at least two, and 
perhaps all, contain short lived ‘“‘tran- 
sient” acceptors between the dimer and 
the “primary” acceptor which is per- 
haps a device to prevent rapid charge 
recombination of the ion pair. Although 
both Pino and Psw appear to involve 
triplet states formed, perhaps very 
quickly, after excitation of the dimer 
species the reasons for preferring 
triplets over singlets are unknown. Con- 
sequently picosecond spectroscopy will 
be invaluable in observing transients 
produced in the initial processes and 
our present knowledge of reaction 
centres should provide impetus to pro- 
duce model systems to mimic photo- 
synthetic processes. EJ 


Homostable operons? 


from E. G. Richards 


READERS who glance through the pages 
of the more theoretical journals will be 
aware of the immense activity over the 
past 15 years on the statistical mech- 
anical basis of the melting of DNA. 
Certainly every well-informed under- 
graduate will know that DNA under- 
goes a cooperative helix coil transition 
when heated that gives rise to a sharp 
melting curve. However theory suggests 
that things are not quite that simple. 
For instance, a hypothetical DNA 
molecule consisting of a region of 1,000 
A-T base pairs followed by a similar 
one of G-C pairs would give a melting 
curve consisting of two sharp steps. To 
produce a sharp step, theory suggests, 
requires a ‘homostable’ region of 500 
or more base pairs with no sequences of 
more than a few adjacent A-T or 
adjacent G-C base pairs. A DNA mole- 
cule consisting of several such homo- 
stable regions would then melt in a 
series of sharp steps, and the melting 
temperature of each step should reflect 
the base composition of the correspond- 
ing region, 

Another and more informative way 
of depicting melting behaviour is by 
the differentiated melting curve in 
which sharp steps now appear as sharp 
peaks. In recent years much expertise 
and ingenuity has been expended in 
constructing equipment capable of 
producing such curves at high resolu- 
tion so that the fine structure of a 
melting curve occurring over 10°C or 
so could be resolved into a dozen or 
more sharp peaks each a degree or so 
in width. 
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Wada and Tachibana, in a paper in 
Nature (263, 439; 1976) note that short 
DNA species do indeed manifest such 
fine structure in their differentiated 
melting curves and, moreover, that the 
melting temperature of the individual 
peaks does indeed bear the expected 
relation to the base composition of the 
corresponding DNA region as revealed 
by spectral analysis, In longer DNA 
species, presumably consisting of many 
homostable regions with closely similar 
stabilities, the fine structure is less 
apparent. 


These authors then go on to consider 
the behaviour in more detail of a short 
DNA (fd phage, 6,000 base pairs) and 
fragments produced from it by the 
restriction enzyme RHinHl, 

First, the intact DNA (RF linear) is 
shown to have a differentiated melting 
curve consisting of more than a dozen 
sharp peaks distributed over a 10°C 
melting range. The product formed by 
the action of the restriction enzyme 
and consisting of three fragments gives 
a broadly similar curve. When the 
three fragments were separated by 
polyacrylamide gel electrophoresis they 
individually gave curves with consider- 
ably fewer peaks. Nevertheless, when 
the three curves corresponding to the 
three fragments were summed, the 
result was closely similar to the curve 
of the mixture. 


These results suggest that the peaks 
in the differentiated melting curves 
arise from homostable regions situated 
at specific locations in the molecule. It 
would appear from the relative sizes of 
the peaks and from the fact that split- 
ting is observed that some peaks cor- 
respond to several homostable regions 
with closely similar stabilities. 

A detailed comparison of the curves 
for the intact molecule and for the 
mixture of its fragments suggests that 
one homostable region may affect the 
melting temperature of others so that 
peaks in one of the curves may be split 
in the other by moving to slightly dif- 
ferent temperatures. It is tempting to 
speculate that such interactions are be- 
tween adjacent homostable regions, in 
which case it might be possible to map 
the regions along the molecule. Cer- 
tainly the effect presents interesting 
statistical mechanical problems. 

Wada and Tachibana end by specu- 
lating as to whether these homostable 
regions have some biological role. The 
data suggest that each operon can con- 
tain only a few and perhaps only one 
homostable region, and the authors 
suggest that the regions might play 
some part in recombination. They also 


note that wobble interactions in trans- 


lation could well mean that homostable 
regions and active polypeptide se- 
quences could be selected for simul- 
taneously. 
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Photosynthetic 
prokaryotes 


from Venetia A. Saunders 





The second international symposium 
on photosynthetic prokaryotes and 
first meeting of the Federation of 
European Microbiological Societies 
was held at the University of 
Dundee, Scotland, on August 22- 
28, 1976. It was organised by G. A. 
Codd, and W. D. P. Stewart of the 
Department of Biological Sciences, 
University of Dundee. 





Muca interest in the photosynthetic 
prokaryotes derives from their evolu- 
tionary and ecological significance. 
Moreover their metabolic versatility 
makes them particularly attractive re- 
search tools for studying processes in- 
volved in photosynthesis and nitrogen 
fixation. It is customary to recognise 
two groups of photosynthetic prokaryo- 
tes, the photosynthetic bacteria and the 
cyanobacteria (blue-green algae). The 
cyanobacteria typically exhibit oxy- 
genic photosynthesis with water as the 
ultimate electron donor. On the other 
hand photosynthetic bacteria do not 
evolve oxygen, but utilise oxidisable 
substrates -besides water (notably re- 
duced sulphur compounds or organic 
compounds) as electron donors in 
photosynthesis. Now it seems that cer- 
tain blue-green algae can grow at the 
expense of reduced sulphur compounds. 
Are these compounds also utilised by 
blue-green algae as electron donors in 
photosynthesis? R. Castenholz (Uni- 
versity of Oregon) reported that sul- 
phide could act as a photoreductant in 
certain blue-green algae from hot 
springs, but only when photosystem H 
was switched off. However it is not yet 
clear whether this process can be used 
to support growth. H. Utkilen (Uni- 
versity of Oslo) demonstrated oxida- 
tion of thiosulphate by the blue-green 
alga Anacystis nidulans. He proposed 
that when the supply of ATP or of elec- 
trons from water is curtailed by low 
light intensity, A. nidulans utilises 
thiosulphate as an electron donor in a 
manner analogous to that of photo- 
synthetic bacteria. 

The primary photochemical reaction 
in bacterial photosynthesis involves 
transfer of an electron from bacterio- 
chlorophyll to the primary acceptor. In 
the purple non-sulphur bacterium 
Rhodopseudomonas sphaeroides this 
occurs in a pigment-protein complex, 
the reaction centre. Recently inter- 
mediate short-lived states of this 
primary event have been identified. 
Interpretation of the nature of such 
states has been aided by picosecond 


kinetic measurements. R. Cogdell 
(University of Glasgow) and colleagues 
propose that both bacteriochlorophyll 
(magnesium porphyrin) and bacterio- 
pheophytin (hydrogen porphyrin) have 
a role in the primary photochemistry 
(see Proc. natn. Acad. Sci. U.S.A., 72, 
2251; 1975). F. Reiss-Husson (Gif-sur- 
Yvette) described a procedure for in- 
corporating reaction centres from R. 
sphaeroides into lecithin liposomes. 
Such an in vitro system should be con- 
venient for studying the contributions 
of various electron transport compon- 
ents to the reconstitution of photo- 
synthetic activity. 

In photosynthetic bacteria the light- 
harvesting pigments are either accom- 
modated with the energy conversion 
system on a topologically complex 
cytoplasmic membrane, or located in 
different structures of non-unit mem- 
branes called chlorobium vesicles. R. 
C. Fuller and C. Boyce (University of 
Massachusetts) reported that in the 
green bacteria reaction centre, bac- 
teriochlorophyll a but not the bulk 
light-harvesting (antenna) chlorophy!! is 
associated with the cytoplasmic mem- 
brane. The antenna chlorophyll is 
restricted to the chlorobium vesicles, 
which are considered to press up 
against, but remain distinct from, the 
cytoplasmic membrane, Light energy is 
transmitted from these vesicles to the 


reaction centre. Chloroflexus the only 


known organism with chlorobium 
vesicles capable of growing aerobically 
in the dark as well as anaerobically in 
the light, should accordingly prove an 
attractive system for investigating the 
development of this type of photo- 
synthetic apparatus. 

Nitrogen fixation has been more ex- 
tensively studied in the cyanobacteria 
than in the photosynthetic bacteria. 
Furthermore the ability of cyano- 
bacteria to fix nitrogen may explain 
symbiotic associations of certain blue- 
green algae in lichens and liverworts. 
Morphological and physiological modi- 
fications of the blue-green algae 
accompany these associations as re- 
ported by W. D. P. Stewart and col- 
leagues (Dundee University). Signifi- 
cantly such symbiotic blue-green algae 
fix nitrogen more efficiently than in 
their free living state. The heterocyst 
is the main site of nitrogen fixation in 
certain filamentous  (heterocystous) 
blue-green algae. Neither CO: fixation 
nor photosynthetic oxygen evolution 
occurs in heterocysts, such activities 
being restricted to vegetative cells. 
E. Tel-Or (University of Dundee) pro- 
posed that the defects in the photo- 
synthetic machinery of heterocysts 
were probably due to the low level of 
ribulose diphosphate carboxylase, the 
cardinal enzyme in CO: fixation, and 
depletion of manganese required for 


dominantly prokaryotic, but the orga 


the water splitting reaction of photo- 
synthesis. 

Heterocysts develop when blue-green 
algae are grown in the absence of 
combined nitrogen. A definite hetero- 
cyst pattern emerges throughout the 
algal filaments. The development of 
such patterns may well be dependent 
not only on intracellular but also inter- 
cellular reactions, J. C. Meeks (Michi- 
gan State University) suggested that 
some diffusible product of mature 
heterocysts, possibly glutamine or a 
derivative, may inhibit nearby cells 
from differentiating into heterocysts. 
However the heterocyst pattern is 
established before nitrogen fixation 
occurs. What then triggers the develop- 
mental events? Studies on the mechan- 
isms of induction of en zymes pertinent 
to the process of . diffe Hitiation, as 
pointed out by R, Haselko 
Woods (University of í 
further elucidate this problem. 

The promise of the genetics and 
molecular biology of ‘photosynthetic 
prokaryotes is gradually being fulfilled. 
A novel gene transfer system has been 













discovered in Rhodopseudomonas 
capsulata by Marrs, (see Pree. nan. 
Acad. Sci. U.S.A. Th O71; 197A). 


Furthermore this systém has been used 
for mapping genes concerned with 
photopigment synthesis (B. Marrs, St. 
Louis University) and also for mani- 
pulating genes for nitrogen: fixation 
G. D. Wall and H. Gest, Indiana 
University) in this organism. The 
ability to manipulate génes in photo- 
synthetic prokaryotes will lead to a 
more profound understanding of ‘the 
control of such processes as photo- 
synthesis and nitrogen fixation. 

In discussing the evolution of the 
cyanobacterial genome, M, Herdman 
(University of Dundee) reporte: dea con- 
comitant increase in genome size with 
increasing morphological and bio- 
chemical complexity for these organ- 
isms. He speculated from the results 











that genomes of the cyanobacteria _ 


could have formed by multiplica Hon 
and divergent evolution of copies of A 
small ancestral genome. 

R. P. Ambler (Edinburgh University) 
reporting sequencing studies on c 
cytochromes of eukaryotic and pro- 
karyotic photosynthetic systems, urged 
caution in the interpretation of phyl- 
logenetic relationships based on struc- 
tures of existing proteins. Indeed dif- 
ferences and similarities between 
species may well have been blurred by 
the agency of genetic exchange. 

A fitting finale to the meeting was 
the fascinating report by R. A. Lewin 
(University of California, La Jolla) of 
prokaryotic “green algae/bacteria”. 
These unicellular algae, found in asso- 
ciation with ascidians, possess a unique 
combination of characteristics, pre- 
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isms contain both chlorophyll a and b 
as found in eukaryotic plant cells (see 
Nature, 261, 697; 1976). Could these 
organisms or relatives be ancestral 
forms of photosynthetic plastids of 
eukaryotic cells? Whether this type of 
“yrokaryote” is a missing link or not 
remains to be seen, but it as likely to 
be a link between this and the third 
symposium, Lo 


Anti-juvenile 
hormone 
and pest control 


from a Correspondent 


THE preparation of active extracts of 
juvenile hormone from the American 
cecropia silkmoth 20 years ago sug- 
gested the possibility of the eventual 
use of synthetic hormone as an in- 
secticide. The original idea was that 
this could lead to the appearance of 
non-viable intermediates between lar- 
vae and adults. The discovery, 10 vears 
later, of the chemical nature of juvenile 
hormones (of which three varieties 
have so far been described) stimulated 
an immense amount of synthetic 
chemistry in this field. A vast range of 
products has been produced, some of 
them not at all closely related chemi- 
cally to the natural hormone; some, far 
more active than the natural substance, 
have been put on the market as in- 
secticides. 

The obvious theoretical objection to 
the juvenile hormone as an insecticide 
—that it will tend to produce giant 
larvae which may be more destructive 
than the ordinary sort--has proved 
justified in some cases. On the other 
hand, it has been proved empirically 
that some of these products are effec- 
tive for rather special purposes, and 
some of them have a sterilising action 
on the adult female or disrupt the 
development in the resulting eggs. By 
and large, however, the results have 
been somewhat disappointing. 

it was suggested early that an anti- 
juvenile hormone, which could cause 
precocious metamorphosis, might be a 
more successful kind of insecticide. In 
a recent paper William S. Bowers and 
his colleagues at Geneva, New York 
(Science, 193, 542-547: 1976) report a 
search for such products in a 
long series of plants, by extracting the 
less polar organochemical components 
in a mixture of ether and acetone. 
From the common bedding out plant 
Ageratum houstonianum they obtained 
a product which had very active anti- 
juvenile hormone properties when 
applied to immature Hemiptera. It in- 


duced precocious metamorphosis at the 
ensuing moult when applied to first, 
second or third-stage larvae of the 
milkweed bug Oncopeltus; and similar 
results were obtained in the cotton 
stainer Dysdercus. 

The active principle was purified, 
analysed and synthesised. It contained 
two simple chromenes, 7-methoxy-2, 
2-dimethyl chromene and 6,7-dime- 
thoxy-2, 2-dimethyl chromene (Fig. 1), 
which were already known from plant 
extracts. On account of their ability to 
cause precocious metamorphosis these 
substances have been named precocene 
1 and 2. Precocene 2 is about ten times 
more active than precocene 1. 


MeO 1a Me} G 
a ee, 


Precocene | Precocene 2 
Eggs of Hemiptera fumigated with 
the precocenes gave rise to larvae 
which developed normally for two in- 
stars and then moulted to precocious 
adults. The precocious adults, however 
produced, had well formed ovaries but 
they never matured to form ripe eggs 
—-a process for which juvenile hormone 


is necessary. Application to adult 
females caused regression of the 
ovaries: and late treatment had an 


ovicidal action, the nature of which is 
unknown. 





A hundred years ago 


We learn from the Chronique de 
lr Acclimatation, that in the just com- 
pleted New York Aquarium immense 
basins have been constructed for the 
reception of the large cetaceans. A 
number of Otaries have already been 
received from Behring Strait, and the 
proprietors hope to be able to exhibit 
to the public the famous seal Ben 
Butler, which has for many vears 
frequented the island of San Domingo, 
in the Bay of San Francisco; the 
director has offered 5,000 dollars for 


this curiosity. For the purpose of 
facilitating scientific researches, the 


central building contains a lbrary of 
the best works in natural history, 
pictures, scientific journals, a labora- 
tory, microscopes, drawing-tables, dis- 
section-room, and all the necessary 
materials for modelling and photo- 
graphy. Finally, the establishment con- 
tains a restaurant in which will be 
served fish and crustaceans caught 
before the eves of the customer. 

From Nature, 14, October 5, 516; 1876. 
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The Colorado potato beetle Leptino- 
tarsa, on the approach of winter, ceases 
to secrete juvenile hormone. It enters 
reproductive diapause, egg develop- 
ment is suppressed and it burrows into 
the soil, When the adult Leptinotarsa 
was treated with precocene it was 
forced, apparently permanently, into 
diapause. The mode of action of the 
precocenes is not yet known; there are 
many steps in the synthesis, physio- 
logical action or breakdown of the 
juvenile hormone, any of which could 
be responsible for the disruptive effects 
observed. 

It remains to be seen whether 
materials of this kind will prove effec- 
tive for practical control. The fact that 
all their effects will diminish insect 
damage, and that all the precocious 
females are sterile, are favourable 
factors. The substances obtained so far 
have induced precocious metamorphosis 
only in Hemiptera, and not in Holome- 
tabola. But they have sterilised adult 
females among Diptera and Coleoptera. 
The discovery of anti-juvenile hor- 
mones specific for selected pest species 
is an atractive possibility. 


Specific toxin 
receptors 
in plant disease 


from 1. M. Smith 


Tue fungi which parasitise plants are 
commonly host-specific; one pathogenic 
species will often only infect a limited 
range of closely related plant species 
or even only some genotypes within a 
species. The molecular basis of this 
specificity is one of the outstanding 
problems in physiological plant path- 
ology. Some progress has been made 
in the type of disease in which success- 
ful infection depends on the release 
by the fungus of phytotoxic metabolites 
which may be host specific. One not- 
able example of this is the Victoria 
blight of oats (caused by Helmintho- 
sporium victoriae), in which the toxin 
victorin has high specific activity only 
on certain oat genotypes, which are at 
the same time the only ones susceptible 
to infection. Similarly, H. sacchari 
produces the toxin helminthosporoside 
which is only toxic to susceptible lines 
of sugarcane. In this case, Strobel has 
reported a membrane protein which 
binds the toxin, but only in susceptible 
lines. Resistant lines have a slightly 
different protein which does not bind. 
The immediate consequences of toxin 
binding are not clear, but this work 
has been till now the only reported 
case of a specific receptor for a phyto- 
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toxin involved in pathogenesis. Now, 
Steele er al. (Proc. natn, Acad. Set. 
U.S.A., 73, 2245: 1976) report the 
specific binding of another phytotoxin 
{tentoxin from Alternaria tenuis) to a 
receptor protein in susceptible hosts. 

A. tenuis is a widespread weak para- 
site which causes near-saprophytic in- 
fections of grain, fruit and senescent 
tissues generally. It does, however, 
cause a very distinctive seedling blight 
of some species, in which the cotyle- 
dons become severely chlorotic and the 
fungus invades the damaged seedling. 
This chlorosis can be exactly repro- 
duced by treatment with tentoxin, a 
cyclic tetrapeptide, and it seems that 
the fungus is dependent on the action 
of the toxin for successful infection. 

Steele et al. have now shown that 
tentoxin shows specificity in three re- 
spects. When added to isolated chloro- 
plasts of a toxin-sensitive species such 
as lettuce, it inhibits coupled electron 
transport. When added to purified coup- 
ling factor 1 (CF,, a chloroplast ATPase 
directly involved in photophosphoryla- 
tion), tentoxin inhibits the ATPase 
activity. If synthetic tritiated tentoxin 
is added to CF; in a continuous ultra- 
filtration system, the protein can be 
shown to have approximately one bind- 
ing site per molecule for tentoxin, with 
an affinity constant of 2x10°M™. 
Comparable tests on an insensitive 
species (radish) showed only slight in- 
hibition of photophosphorylation, no 
inhibition of ATPase activity, and an 
affinity constant less than {0'M7'. 
Other sensitive and insensitive species 
fitted the same pattern with respect to 
inhibition of photophosphorylation. It 
would seem, therefore, that the CF; of 
sensitive species acts as a tentoxin re- 
ceptor and that toxin-binding leads to 
inhibition of photophosphorylation. 
The CF; of sensitive species binds 
poorly and is not imhibited. These re- 
sults are of great. significance, first be- 
cause of the specificity of the inhibition 
and binding, and second because the 
binding may in itself explain the mech- 
anism of toxicity of tentoxin. 

There are, however, certain aspects 
that remain to be analysed. The rela- 
tion of toxin specificity to host specifi- 
city 1s complicated by the wide host 
range of the fungus and the different 
diseases that are caused. Toxin specifi- 
city may be presumed to relate only to 
the specific ability to cause a certain 
type of disease, that is seedling chloro- 
sis. Certain plants, such as corn, show 
sensitivity of isolated chloroplasts but 
not of intact leaves, so that other fac- 
tors may operate to cause insensitivity. 
In addition, the symptoms of chlorosis 
are most strikingly seen in seedlings 
with developing chloroplasts. The de- 
tails of the causa] relationship between 
inhibition of photophosphorylation and 





this chlorosis are not yet established. 
Nevertheless, tentoxin could clearly 
become the first disease toxin for 
which the molecular basis of both 
specificity and toxicity can be 
explained. fo 


Coming to terms 
with the 
noisy retina 


from Jonathan Ashmore 


symposium on 
held at the 


An international 
Photoreception was 


Royal Society on September 2 and 
3, 1976. Sponsored by the Rank 


Prize Funds, the symposium was 
organised by P. Fatt and H. B. 
Barlow. 


Retinat physiology has come to pos- 
sess a decided flavour of engineering. 
Touching on problems close to the 
heart of any communications engineer, 
the mechanisms used by cells of the 
retina to transduce light signals in the 
presence of intrinsic noise were a re- 
current theme at this meeting. 

There now exist a number of comple- 
mentary studies on the first stages of 
visual excitation, from the absorption 
of a photon by the photoreceptor 
pigment molecules to its transduction 
manifested as a change in membrane 
potential of the cell. There is still no 
evidence directly in conflict with the 
‘Calctum Hypothesis’ advanced some 
years ago by W. Hagins and coworkers, 
(A. Rev. Biophys. Bioeng., 1, 131; 
1972), which postulates that in rods 
calcium is released by light from the 
intradiskal space to diffuse intracel- 
lularly and close ionic channels on the 
cell membrane. Equally, there is no 
direct evidence supporting the idea, but 
Hagins and S. Yoshikami (National 
Institutes of Health, Bethesda), how- 
ever, think that calcium is still the best 
bet for the intracellular transmitter. 
At this meeting they reported experi- 
ments intended to change the intracel- 
lular ionic environment in rat rods by 
fusing vesicles containing chelating 
agents with the cell wall. Model calcula- 
tions suggest that calcium is the only 
ion with a sufficiently high affinity in 
these experiments to account for the 
observed changes in the rods’ electrical 
photoresponse. Direct intracellular in- 
jection experiments in the toad rod 
system were reported by L. H. Pinto 
(Purdue University), J. E. Brown and 
J. A. Coles (Vanderbilt University), but 
again produced no evidence contra- 
dicting Hagins’ story. 
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More than half the symposium was 
given over to the interactions between 
receptors and other cells of the retina. 
Since the initial indirect evidence 18 
months ago by G. L. Fain that toad 
rod receptors are coupled (Science, 180, 
1178; 1975), the demonstration of inter- 
receptor coupling in various species has 
become almost a minor cottage indus- 
try. W. G. Owen and D. R. Copen- 
hagen (University of California, San 
Francisco} discussed double impale- 
ment experiments with microelectrodes, 
showing conclusively that the coupling 
between rods in the snapping turtle is 
electrical, probably by way of the 
telodendria extending from the ped- 
icles, (see J. Physiol., 289, 251, 1976). 
The effect of this coupling is to atten- 
uate the signal from a singly ilumin- 
ated rod to 10-20 times that produced 
when all the receptors are illuminated. 
One function for the coupling, at least 
in the peripheral retina, would be to 
improve the signal-to-noise ratio for 
dim diffuse lights, which would be 
traded off against the loss in visual 
acuity caused by coarsening the recep- 
tor mosaic. 

Intracellularly recorded noise in 
turtle cones, probably produced by the 
opening and closing of ionic channels, 
has been used by T, D. Lamb and E. J. 
Simon (University of Cambridge) to 
show that in this animal the cones are 
electrically coupled. Quantitative meas- 
urements of the noise lead them to 
conclude that in these cells one photon 
can close one ionic channel, whereas 


in the rod system, as E. A. Schwartz 
(Harvard Medical School) reported 
using the same power spectrum 


methods, a figure closer to one photon 
controlling 300 channels may be more 
in order. | 

A nice bridge between electrophysi- 
ology and behavioural studies was made 
by G. L. Fain (Jules Stein Institute, 
UCLA). Using data from the be- 
haviourally determined increment 
threshold curve for turtle and compar- 
ing this with the intracellularly deter- 
mined light sensitivity, he estimates 
that a 5-10 aV signal is required in red 
cones for a behavioural response. This 
figure is below the cone noise level, 
although many parallel pathways exist 
in the retina for output. The properties 
of some of these retinal pathways have 
been mapped by D. A. Baylor and 
R. Fettiplace (Stanford University) by 
injecting current from a micropipette 
into cones and recording the ganglion 
cell response. They suggest that the 
pathways studied in the cone system 
may afford some signal-to-noise im- 
provement by functioning as a band- 
pass filter: in the rod system at 
threshold where the problem becomes 
more acute a similar characteristic 
could be present. 

The ionic mechanisms involved in 
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synaptic transmission have proved dif- 
ficult to disentangle since usually more 
than one cell type meets the receptor 
at synaptic contact. At the synapse be- 
tween receptor and depolarising bipolar 
cells, J-I. Toyoda (Kawasaki Univer- 
sity) describing experiments to pass cur- 
rent trans-retinally produced evidence 
that at least two postsynaptic ionic 
channels are transmitter modulated. 
The hyperpolarising bipolar cells still 
conform to the original suggestion that 
light produces a permeability decrease 
to a single ion species. 

A method to decouple the horizontal 
cells from their putative role in the 
feedback loop at the receptor triad 
synapse would be very helpful here, but 
failing this an interesting technique was 
reported by Yu. A. Trifonov and A. L. 
Byzov (Moscow University) to study 
the electrical properties of the hori- 
zontal cell membrane. Because of ex- 
tensive electrical coupling between 
these cells, microelectrode studies of 
the cell membrane are not feasible: the 
method used here is a modification of 
Kramer’s ‘Winkel rinne’, and results 
suggest cell membrane possesses 
anomalous rectification properties. 
Whether this will yield further infor- 
mation on the receptor synapse re- 
mains to be seen. 

We may now be in a position to 
localise the cellular origins of the 
‘noise’ treated in the psychophysical 
literature as the ultimate determinant 
of visual discrimination. Stressing this 
point, however, H. B. Barlow (Univer- 
sity of Cambridge) tentatively suggested 
from experiments using random dot 
patterns that the factors which limit 
the quantum efficiency of seeing deter- 
mined from performance tests may 
not arise in the retina at all but 
from “nasty central processes going 
on”. Central limitations to quantum 
efficiency can only revise estimates of 
retinal efficiency upwards. J 
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Pesticides and 
the environment 


by Mary Lindley 





A symposium on 
effects of pesticides, sponsored by 
the Institute of Biology and the 
Linnean Society was held in London 
on September 23-24. The proceed- 
ings will be published by Academic 
Press. 


the ecological 





PESTICIDES are not likely to be 
abandoned to the accompaniment of 
cries of ecological doom, although they 


clearly can be misused and have caused 
death and destruction in some cases. 
DDT and its successors have wrought 
so much good in controlling disease 
and increasing crop productivity that 
they must continue to be used, albeit 
in moderation and with constant efforts 
to find alternatives. This was the mess- 
age of the symposium, during which 
very few speakers discussed directly 
the ecological effects of pesticides. 

According to H. C. Gough (Ministry 
of Agriculture, Fisheries and Food, 
London), the benefits of pesticides used 
correctly in agriculture far outweigh 
their hazards. Their use has greatly re- 
duced losses of many crops from pests, 
diseases and weeds. Without pesticides, 
he said, production would decline and 
costs would increase. Unnecessary use 
occurs, however, and there is a con- 
tinuing need to ensure that hazards are 
minimised in the application of 
pesticides, 

A particularly hopeful development 
in crop protection from the ecological 
point of view iş selectivity. IL J. 
Graham-Bryce (Rothamsted Experi- 
mental Station, Harpenden) cited in 
particular the pyrethroids, which are 


potent insecticides, through their 
actions as nerve poisons, but not 


harmful to mammals. Another target 
for selective pesticides is the endocrine 
system of insects; juvenile hormone 
analogues and anti-juvenile hormone 
compounds hold promise. 

The control of pests and diseases in 
forests presents a greater dilemma than 
when agricultural crops are concerned. 
Pesticides are in any case more likely 
to upset biological equilibria in peren- 
nial than in annual plant environments 
and the multipurpose nature of many 
forests adds to the complications, as 
M. J. Way (imperial College Field 
Station, Silwood Park, Ascot) ex- 
plained. He pointed out that the 
balance between species in forests may 
indeed be maintained by pests: for ex- 
ample, without spruce budworm some 
forests would be monocultures of 
spruce, But on the whole, pesticides are 
used less in forestry than in other 
major production systems. 

The disastrous ecological conse- 
quences of the use of herbicides to 
defoliate large tracts of forest in 
Vietnam during the recent war were 
described by Dr A. H. Westing 
(Stockhelm International Peace Re- 
search Institute). Severe destruction of 
habitats was caused in more than 50,000 
hectares of upland forest and in 
150,000 hectares of mangrove forest 
during the American programme of 
spraying with 2,4-dichlorophenoxyacetic 
acid and 2,4.5-trichlorophenoxyacetic 
acid. According to Westing, the dam- 
age will be long lasting and has effec- 
tively deprived Vietnam of a proportion 
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of its forests. 

The difficulties of monitoring the 
ecological effects of pesticides, particu- 
larly in developing countries, were 
made very clear by W. E. Kershaw and 
M. Pugh Thomas (University of Sal- 
ford), They have been studying the 
effects of insecticides used to control 
the blackfly vector Simulium damno- 
sum in the World Health Organization 
Onchocerciasis (river blindness) Con- 
trol Programme. They have found that 
investigations of the biological side 
effects of pesticides on fast flowing 
rivers in Africa are expensive, tedious 
and hazardous. So far they have no 
evidence that fish have been affected, 
while the data obtained for inverte- 
brates are very hard to interpret. Pugh 
Thomas believes that to allow for 
seasonal effects it will be necessary to 
compare data for successive years be- 
fore a clear picture is likely to emerge. 

The problems involved in predicting 
how pesticides will affect the environ- 
ment were underlined by F. Moriarty 
(Institute of Terrestrial Ecology, Monks 
Wood Experimental Station, Hunting- 
don}, Direct field trials are difficult, 
and the various indirect approaches 
used have disadvantages. But he said 
two tentative assumptions are possible: 
organisms have little effect on the 
amounts of pesticide in the physical 
environment, and if individual organ- 
isms are affected adversely, then eco- 
logical effects are imminent or already 
happening. 

The prospects for wildlife, according 
to N. W. Moore (Nature Conservancy 
Council, London), depend more on the 
future of their habitats than on the 
use of pesticides. The decline in the 
wildlife population in Britain during 
the past 150 years has been due more 
to the destruction of habitats for land 
development than to the effects of pes- 
ticides. He pointed out, however, that 
treatment with pesticides can be locally 
damaging, and it will be increasingly 
important to ensure that pesticides do 
not spread away from the crops which 
they are protecting, for example by 
drift or in effluent. He said that the 
future of wildlife in the farmed 
countryside will depend on the con- 
servation of areas of unfarmed habitat, 
where pesticides cannot reach. 

Discussing future prospects for man, 
K. Mellanby (Institute of Terrestrial 
Ecology, Monks Wood Experimental 
Station) said that although in an ideal 
world pesticides would be unnecessary, 
they will continue to be used, and with 
proper precautions and controls, they 
can do their job while man’s environ- 
ment continues to be improved. He said 
that the dangers inherent in the use of 
pesticides are generally accepted and 
there has often been public overreaction 
to them. E 
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Astronomically-oriented markings on Stonehenge 


Richard F. Brinckerhoff 


Science Department, Phillips Exeter Academy, Exeter, New Hampshire 03833 


In view of the years of careful study that have been 
devoted to Stonehenge it may seem unlikely that any 
more information could be extracted trom the monument, 
or at least from that part of it above ground. During the 
past two years, however, further markings have come to 
light that are, at least, interesting, and possibly important. 
These markings are a series of at least 11 pits on the 
upper surfaces of the three contiguous lintels (130, 101 
and 102) that span the well-known line of sight from the 
centre of the sarsen circle north-eastward towards the 
heel stone. For an observer diametrically across the 
circle, 9 of these pits identify directions of the rising 
moon at significant points in its 18.6-yr cycle. 





Tue lintel-top surfaces of Stonehenge maintain a true level 
with the horizon to within a few inches in spite of the fact 
that within the sarsen circle the ground level drops down 
towards the north-east by ~ 1.5 feet. If the sole purpose 
of the lintels was architectural, it is hard to see why such a 
small correction-to-level would have justified the effort: its 
architectural effect would be imperceptible. But as a walk- 
way for observing horizon events such a correction would 
make sense. Moreover, the diminutive, upright stone 11 in 
the south-east quadrant could then be explained as a mid- 
way support to a stair which, forking to left and right at 
its top, gave access to the lintel-top walkway. 

This hypothesis suggests the possible existence of astro- 
nomically oriented markings on the lintel surfaces, but 
nowhere in the Photographic Library of the Department of 
the Environment was there a close-up picture of any of the 
nine lintels now in place. Direct inspection was therefore 
necessary. 

In July of 1974 with the permission of the Department 
of the Environment and the help of Mr Woodhouse, the 
head custodian, a ladder was provided and all nine lintels 


inspected. Only lintels 130, 101, and 102 (the three con- 
tiguous ones in the north-east quadrant of the sarsen 
circle) showed promising markings’. In 1975, again with 
permission and help, a series of measurements, photo- 
graphs, and plasticene moulds were carefully made. Figure | 
shows the surface of the three lintels made by piecing 
together a sequence of photographs made approximately 
every 2 feet along the lintel tops from a height of 5.5 feet. 
They were taken with the Sun low in the west, at about 1800 
on June 13, 1975, shadowing the rock surface. The measur- 
ing stick is 2 feet long. 


Pits 

The significant markings are a series of pits, some of which 
in the photograph contain vertical wands used for locating 
them precisely from the ground, The pits are identified by 
numbers in Fig. 2, which is made from a tracing of a 
photograph, originally 2.5 feet long. 

Pit 1, the largest, is almost circular both in plan and in 
section, ~10 inch across and 3 inch deep. (The numbers here 
given are only approximate because of the irregular surface 
of the lintels, and the fact that not all the pits have clearly 
defined edges.) Pits 2, 3 and 4 are much smaller, 1.5-2 inch 
in diameter, quite round but irregular in depth. Pit 5 is 
round, 3 inch in diameter and about as deep. Near it is a 
pit, 6, that may be more significant though it is of irregular 
shape, an uneven 3X1.5 inch in plan and up to ~2 inch 
deep. Pits 7 and 8 command attention because of their 
location almost directly over the sight line from the sarsen 
circle centre to the heel stone. They are both approximately 
4 inch in diameter and depth with regularly rounded 
bottoms. Finally, pits 9, 10 and 11 are shallow, smaller, and 
not quite so regular in shape. Pits 1 to 8 (excluding 6) are 
so regular in shape as to be plausibly man-made: the others 
together with several smaller markings command less con- 
fidence, but all of them stand out sharply in appearance 
from the uneven weather-worn surface of the lintels. Indeed, 
pits 1, 7 and 8 can be detected in some low level air views 
already in print. 


Fig. 1 Composite photograph of lintel tops from a height of ~ 5.5 feet showing pits. The measuring stick is 2 feet long. 
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Fig. 2 Identification of pits in Fig. | and the alignments through them. The directions shown are approximate. 


Alignments 

To pursue the possibility that the pits are man-made it is 
necessary to locate them accurately on the overall plan of 
the monument. It was found by projecting Hawkins’s 1965 
photogrammetric air survey map’ on to an enlarged drawing 
of the Thoms’ more recent survey’ that the two agree 
precisely in all essentials. We used the air survey, except for 
the replacement of the three lintels by a reduced rendering 
of Fig. 2. 

Nine of the eleven pits identify significant directions for 
an observer posted on the now non-existent lintel top 
diametrically across the sarsen circle at P (Fig. 3). P falls 
on the centre of sarsen upright 15. 

When the lintel-top pits are plotted on the air survey 
map it is found that a line through pit 1 to the northern- 
most point of moonrise and a line through pits 9 and 10 to 
the northernmost (midsummer) sunrise intersect on 
the south-western side of the sarsen circle at P. P is defined 
by the intersection of these two sight lines. 

Moreover, as viewed from P, pits 2 and 4 point very 
nearly but not precisely to the northernmost of the four A 
holes (Al). Similarly, a line from P through pit 5 (not 
drawn in Fig. 3) points very nearly to A2. A line from P 
through the Aubrey hole centre shown as a dot (but not 
through the sarsen circle centre shown as X) passes through 
pit 6 and very close to the midpoint of the A holes between 
A2 and A3. And the conspicuous pits 7 and 8 over the 
central archway point very nearly to A4. All of these lines 
miss the A holes by the same amount and in the same 
direction (eastward), a matter discussed further below. Only 
pits 3 and 11 elude an obvious pattern. So simple a pattern 


fitted so precisely by such a large majority of the pits is 
additional evidence that the pits (or at least nine of them) 
are man-made. 

From point P none of the pits aligns with the rising point 
of Venus or of any of the 20 brightest stars except, im- 
plausibly, Pollux after corrections are made to the year 
2000 sc for the precession of the pole. Nor do any of the 
pits seen from the sarsen circle centre or the Aubrey hole 
centre align with any significant sunrise or moonrise points 
or with Venus or the brightest stars. 


A shift in the observation point 


There is a strong intuitive appeal in the idea that the viewing 
point should not be at P but at a point ~5 feet westward so 
that the observer would be on what the Thoms’ have 
identified as the axis of symmetry of the monument. There 
he would have a clear view under the lintel of the great 
trilithon whose bottom surface would be 5.5-6 feet above 
his footing atop the sarsen circle. The angular spread of 
the alignments (pit I to pits 9, 10) is 10°, too great to be 
seen through the trilithon from one spot, but as the 
observer walked north-westward from P along the lintel 
tops he would see the pits revealed progressively through 
the arch as he moved. Pit 1 would come into view (azimuth 
42.3°) in approximately the direction of the northernmost 
moonrise (azimuth 40,5°), and pits 7 and 8 would be seen 
almost (but not quite) in line over the sarsen circle centre, 
with the centre of the heel stone at 51.7°: the azimuth of 
the midsummer sunrise is 50.7°. These are unsupportably 
large discrepancies. Moreover, viewed through the trilithons 
in this way pits 2-6 and 9-11 have no obvious significance. 


Fig. 3 The alignments through the lintel-top pits to outlying A holes and horizon points. 
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Fig. 4 Close-up of some of the pits showing how they may 
have been used to support wands as sights. 


Also, when vertical wands are erected in pits 2, 4 and 7, 8 
(Fig. 4) they appear precisely aligned only as seen from 
within ~ | foot from P (Fig. 5) and not through the trihthon 
arch, 5 feet from P. Finally, since the axis of the monument 
is aimed very nearly at midsummer sunrise, it can scarcely 
be aimed simultaneeously at, or be symmetrical with, moon- 
rise points all to the N. On the whole, the alignments 
radiating from P are impressively accurate. 


Orientation 


With the help of plumb lines pit 1 was located at ground 
level on the monument plan to within 4”, and its azimuth 
was found to be 40.5°. Using the procedure given in ref. 4 
the first gleam of the northernmost moonrise (6=+29.1°) 
on the horizon of Stonehenge is found to have an azimuth 
of 40.7°. 

Similarly, the ground level location of pits 9 and 10 
identify an azimuth of 51.0° from P, whereas the first 
gleam of midsummer sunrise (6=+23.9°) seen over the 
heel stone from the sarsen circle centre has an azimuth of 
50.1°. 

With pits 1, 9 and 10 thus located on the plan, a tracing 
of the lintel-top photograph (Fig. 2) was reduced in size 
until pits 1, 9 and 10 on the photograph registered accurately 
with the plan. The lintel-top tracing was then drawn, thus 
locating accurately all the intervening pits. So located, the 
pits identify the lines toward the A holes (Fig. 3) (See 
Table 1 for azimuths). 

The accuracy with which the sunrise and moonrise lines 
are located on the map is limited by uncertainties of an inch 
or two in the restoration of the three lintels in 1919-20 and 
the fact that location of the pits on the map are accurate to 
only ~ +4inch and that angles measured in Fig. 3 are no 
better than +0.25°. Together these errors result in an 
uncertainty in the location of P of ~ 1.0 foot. 


Accuracy 


In an effort to judge the accuracy with which the lintel-top 
pits align with the A holes, a camera was set up approxi- 
mately at point P. In Fig. 5 beneath the right-hand lintel 
top wands in pits 7 and 8 is an arrow pointing to a post 
erected in the centre of hole A4, almost exactly three 
sarsen circle diameters from the camera. Although pit Al 
is obscured it can be located in effect by simple geometry 
20.4 feet left of A4, which agrees with the distance 
»ctually measured on the ground. Measurements on the 
zghotograph show that to make the pits align with the A 
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holes, the camera would have to move 1.0 foot eastward to 
be centred on P and then an additional 1.4 feet eastward be- 
yond P. This is appreciably more than the + 1.0-foot uncer- 
tainty, inherent in the original map location of P. Thus, in 
spite of their identity of spacing, the set of sarsen circle align- 
ments appears to be shifted slightly to eastward of the set of 
A-hole alignments. It looks as if the builders had come up 
with two slightly different solutions to the same observa- 
tional problem. For an explanation of this mismatch we 
must first examine the consequences of the fact that the A 
holes and the sarsen circle lintel pits were in use at two 
widely different times. 


Stonehenge I 

The A holes 3 feet in diameter, were only 4 feet deep, much 
too shallow to support the 28-foot posts required for a 
man standing on the lintels to use them for sighting. 
Moreover, post hole Al was not only filled in but was 
entirely buried by the bank created by the building of 
Stonehenge II. Together these facts point to the use of the 
A-hole posts as sights by ground-level observers before the 
construction of Stonehenge II. 

At that early time, when there was no sarsen circle, it 
seems likely that the observers were stationed at the centre 
of the Aubrey hole circle rather than at P. The reason for 
this is simply that from the centre of the Aubrey hole circle 
the four A-hole posts (centre line azimuth 45.5°) would 
have been centred between the line to the heel stone (50.7°) 
marking the northernmost sunrise, and the line to the 
northernmost moonrise (40.5°). Posts on the A holes would 
then mark the 18.6-yr swing of the moon during inter- 
mediate years. When the Moon rose through the first 
opening (A4—A3) of the four posts, it was just one quarter 
of the way in time from rising on the line of midsummer 
sunrise and rising at its northerly extreme; when it rose 
through the middle opening it was just one third of the way 
to its maximum, and when it rose behind Al it was exactly 
halfway. 

Although the precise date of the maximum would be 
imnossible to identify accurately, just as for the Sun, since, 
close to the maximum, the change in azimuth with time is 
too small to observe, the date could nonetheless be inferred 
quite accurately in retrospect as lying halfway in time 
between the northbound and the southbound traverses of 
any one of the three A-hole openings. After one or two such 
pairs of traverses (18.6 yr apart) the observers could con- 
fidently predict the proper date for ritual celebrations of 
the maximum. 


Fig. 5 Ground-level view of the wands in Fig. 4 from a point 
1 foot west of the presumed position of P. 
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Table 1 Orientation data of the pits on Stonehenge lintels 


Alignment 
from P through pit: Towards 
1 Northernmost moon 
& = +29.1°, A = 40.5° 
2,4 Al 
3 
5 A2 
6 Mid-A and Aubrey centre 
7,8 A4 
9. 10 Midsummer sunrise 
6 = +23.9°, A = 50.7° 
li Midsummer sunrise 


Through centre of great 
trilithon to pit: 


i Northernmost moon 
ô = +29.1°, A = 40.5° 


2,4 
3 
5 
6 Midsummer sunrise 
7 Midsummer sunrise 
8 Midsummer sunrise 
ô = +23.9 °, A = 50.7 ° 
9,10 
11 


Vertical error, D°, for 


Azimuth First Centred on Tangent on 

E of N+0.2° gleam horizon skyline 
40.5 —Q,09 0,39 — 1.67 
43,5 
43.6 > 1.5 
44.5 for both Sun and Moon 
45.5 
47.5 
50.7 +0.63 -+0.40 -+0.10 
51.2 + 0.92 + 0.68 +0.45 

Azimuth 
E of N + 0.6°* 

42,3 +075 +0.52 +029 
45.8 N Re 
47.5 for both Sun and Moon 
47.8 
48.5 —0,.53 
51.7 +- 1.18 + 0.94 -0,82 
51.8 + 1.23 -+0.99 + Q.87 
56.0 
56.5 > 1.5° 





*Error is higher than from P because of uncertainty concerning midpoint of trilithon arch. 


The end came when the Beaker invaders, bringing with 
them a new culture, realigned the axis by the construction 
of Stonehenge IH, evidently focusing on the midsummer 
sunrise and burying the A holes. The Moon seems to have 
been replaced by the Sun in the culture of the newcomers. 


Stonehenge III 


Centuries after the A holes had been obliterated the sarsen 
circle was erected, its axis also oriented to the midsummer 
sunrise, as was Stonehenge II before it. Then or later, wands 
supported upright in the new lintel-top pits must have once 
more identified the old alignments for observers at P, now 
16 feet up off the ground to avoid being blocked by the new 
sarsen circle and the old bluestone circle uprights. 

In their paper’ on Stonehenge as a possible lunar observa- 
tory the Thoms discuss the improvement in visibility of 
foresights on distant hills made possible by raising the level 
of the observer above the ground level. Is this consideration 
one of the determinants of the height of the lintel-top walk- 
way? No one has ever explained convincingly why it had to 
be 16 feet high. Do our pits identify distant foresights visible 
only to a lintel-top observer? The Thoms mention C. A. 
Newham’s* observation that if Stonehenge were raised only 
a few feet, distant hills would become visible to the north- 
east. Certainly a lintel-top platform creates new possibilities 
for observations similar to those discussed by the Thoms? 
and Newham’ as well as raising new problems. 


Difficulties 


One problem that has a plausible solution is the mismatch 
between the A-hole alignments and the lintel-top pits alluded 
to earlier and illustrated (and exaggerated) in Fig. 5. Their 
alignments shifted slightly eastward, the lintel-top pits 
appear to attest to the slow eastward drift of the extreme 
declinations of the Sun and Moon caused by the slowly 
changing obliquity of the ecliptic. For example, in 3000 Bc 
the maximum declination of the moon was 29.18°, and in 
2000 pc it was 29.08° (ref. 7). As a consequence the 
northernmost rising point of the Moon shifted 0.21° east- 
ward. But a 0.21° shift eastward corresponds to the observer 
moving 0.5 feet eastward from the presently plotted position 
of P. This, together with the 1.0-foot uncertainty in P’s 


location amounts to 1.5 feet, a shift in P sufficient to bring 
the two sets of alignments into precise coincidence, assum- 
ing the maximum possible error in the original location of 
P. (A 1.4-foot shift in the map position was required.) In 
principle, if the position of P were known exactly and our 
interpretation is correct, the angular difference between the 
two sets of alignments would lead to a knowledge of the 
time difference between Stonehenge I and the creation of 
the lintel-top pits on Stonehenge II. 

A much more serious problem remains, When Stonehenge 
HI had been completed stone 55 of the great central 
trilithon, now fallen, would have completely blocked the 
view of the lintel-top observer at P. Perhaps the trilithon 
was erected only after the sarsen circle and the pits had 
been in use for some time, but this seems unlikely since it 
would be almost impossible to erect the trilithon after the 
sarsen circle had been completed. Nor do our pits seem to 
identify any useful alignments to an observer looking 
through the trilithon arch. 


Speculations 


Perhaps in the troubled times towards the end of the use of 
Stonehenge as an observatory, the trilithon was pushed over 
-—-to make way for the re-establishment of the lunar align- 
ments—and has lain broken in its present position ever 
since. If this event is archaeologically dubious, it at least 
has the merit of accounting for most of the pits. 

More plausibly, perhaps, a 4-foot high wooden platform 
may have been erected at P to permit viewing over the 
top of the trilithon. 

In conclusion, although we lack an exact explanation of 
how sightings could have been made or why the alignments 
were off-axis, these results nevertheless have significance in 
our understanding of the astronomical aspects of Stone- 
henge. The original theory that the site was an observatory 
accurate to the width of the archways is now augmented 
with alignments accurate to within a few inches. 

For encouragement, advice, and active support in this 
work I wish to thank Gerald S. Hawkins, G. W. Cottrell, 
John M. Saul (who took Figs 4 and 5) and Thomas Wood- 
house, the head custodian of Stonehenge, but above all the 
kindly fate that so improbably spared the three contiguous 
lintels bearing the evidence. 
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We present here a brief description of geological relations 
and results of lead isotopic analyses of eight whole-rock 
samples of Precambrian gneiss from an area near the 
Skaergard Intrusion in the Kangerdlugssuaq region of 
eastern Greenland. 





Excerr for Wager’s! regional reconnaissance studies, there have 
been few published details of the Precambrian geology of 
Eastern Greenland. Berthelson and Noe-Nygaard? have 
suggested that basement rocks of the Kangerdlugssuaq region 
belong to the Kenoran tectonic division (that is, rocks of 
pre-Ketilidian, or more than about 1,800 Myr old) of the 
Canadian—Greenlandic Shield. A limited number of K-Ar 
ages’ ~t, ranging from 2,700 to 1,600 Myr Bp, have been reported 
for Kangerdlugssuaq area gneisses, but interpretations of these 
data are suspect because of widespread Tertiary igneous activity 
in the area®~*. Our field studies have indicated a complex 
history for the gneisses, which is summarised in Table 1. 

Interlayered mafic and felsic gneisses represent the earliest 
recognisable unit in the area (event 1, Table 1). These inter- 
layered gneisses are interpreted as dominantly metaigneous 
rocks, but a small amount of intercalated metasedimentary 
material is locally present. Strong banding is developed in the 
gneisses primarily among quartzofeldspathic units. Distinctive 
mafic bands a few centimetres to several metres thick are also 
present. This gneiss suite has characteristics similar to those 
described for gneisses in western Greenland and equivalent 
gneisses elsewhere in the Archean Craton of the north Atlantic 
region’~, In the Kangerdlugssuag area mafic gneisses vary 
from nearly pure hornblendite to plagioclase-rich amphibolite. 
Locally, this lithology is abundant, forming mappable units of 
mafic gneiss up to 200 m thick. More commonly, the mafic 
gneisses have been pulled apart, rotated, and fragmented within 
a matrix of quartzofeldspathic gneiss, giving the impression 
that large mafic gneiss xenoliths have been rafted and deformed 
by later emplaced felsic gneisses. This impression may, however, 
be an oversimplification in as much as the mafic gneiss blocks 
are in places definitely interlayered with quartzofeldspathic to 
biotitic gneisses. Thus, it seems probable that some blocks of 
felsic gneiss also occur as xenolithic rafts. 

Metased imentary rocks which occur among the early gneisses 
aredominantly felsic gneisses with variableamounts of plagioclase, 
alkali feldspar, and quartz and accessory biotite and hornblende. 
With increasing quartz content these gneisses grade to sugary 
textured quartzites; with increasing biotite they become schistose 
and some contain garnet porphyroblasts in a fine-grained 
quartz and feldspar matrix. Hornblende-rich and/or biotite-rich 
layers are also present in the felsic metasedimentary gneisses. It 


is possible that these metasediments are remnants of a once 
extensive supracrustal sequence that was incorporated into the 
metaigneous suite either as conformable sedimentary beds in 
a volcanic sequence or as infolded units. Alternatively, they may 
reflect conformable tectonic interleaving, as inferred Tor the 
Malene supracrustals within the Amitsoq gneisses in Godthabs- 
fjord’. 

Textural and structural relationships within the later sequence 
of metaigneous rocks (event 2, Table 1) suggest that there were 
several intrusive pulses. Theearly intrusive rocks are commonly 
granite or trondhjemitic. Because of their similarity in composi- 
tion and texture to felsic rocks of the earlier interlayered 
gneisses, contacts between the two units are discernable only 
in a few favourable localities. Discordant contacts are most 
clearly displayed where rafted blocks of agmatised interlayered 
mafic-felsic gneiss are enclosed by intrusive granitic. or 
trondhjemitic gneisses. Locally, the metaigneous gneisses 
display pronounced coarsening, largely conformable with 
foliation, and associated with the occurrence of pegmatitic 
patches and lenses; in extreme cases these zones become 
essentially migmatitic. It is not clear whether the coarsening 
effect and migmitisation are related to a separate intrusive 
pulse. In some areas granitic rocks occur with little internal 
fabric; these bodies are apparently the latest recognisable 
intrusions in the area. 

The grade of metamorphism throughout the entire gneiss 
sequence is amphibolite facies, except in areas where migmatisa- 
tion is most widespread and/or intrusive rocks are more 
abundant. There, pyroxenes are present rather than biotite 
and hornblende in the felsic gneisses, and the grade of meta- 
morphism reaches granulite facies. The higher metamorphic 
grade may be a relict of the cooling history of the intrusive 
bodies. 
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1 Accumulation of interbedded volcanic and minor sedimentary 
units. Metamorphism and deformation produced interlayered 
mafic and felsic gneisses, strongly folded isoclinally. | 
a, Intrusion of granitic and trondhjemitic plutons accompanied, 
or closely followed by, strong deformation and recrystallisation 
which produced disharmonic folding of the interlayered mafic and 
felsic gneisses. 
b, Igneous activity was apparently protracted and im later stages 
produced mafic as well as potash-rich granitic plutons and pegma- 
tites. | 
3 Subsequent to, and perhaps closely following, intrusive activity @ 
the layered gneisses and plutonic bodies were folded am 
phosed. This was followed, possibly at the end of 
pervasive shearing and by partial retrogressive recrysta 
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Fig. 1 Geological sketch map of the Kangerdlugssuaq area, 
showing locations of analysed samples. 


Deformation of the gneisses is intense, with at least three 
major episodes of folding accompanying the several intrusive 
pulses. In the Kangerdluqssuaq area pervasive shearing (event 
3, Table 1) has affected the continuity of earlier fold forms. 
Shearing was also accompanied by partial retrogressive re- 
crystallisation. In areas of very intense shearing recrystallisation 
was more complete, pegmatitic gneisses were deformed to augen 
gneisses, and finer-grained rocks were mylonitised. 


Lead isotope results 


Samples from each of the gneiss sequences were selected for 
lead isotopic analysis; sample localities are shown in Fig. 1. 
Whole-rock powders were dissolved with HF and HCIO,, and 
lead was extracted using an HBr cation exchange procedure. 
Full procedural blanks amounted to 10-15 ng for 1-g samples 
(that is, less than 1° of the total quantity of Pb processed for 
any sample). Isotopic analyses were made on a 12-inch solid 
source mass spectrometer, using a silica gel-H,PO, matrix. All 
analyses have been corrected for mass fractionation in the 
spectrometer by intercomparison with the NBS common lead 
standard (SRM-981). Corrected isotopic ratios are believed to 
be accurate to better than 0.15°4 of absolute values. 

The isotopic analyses (Table 2) for the Kangerdlugssuaq 
gneisses are shown in a 7?Pb/?°4*Pb—?°8Pb/?*Pb diagram in 
Fig. 2. If the inconsistent sample KS-60 (cataclasised augen 
gneiss) is excluded, the remaining seven samples lie within 
analytical uncertainty of an isochron with a slope of 0.220+ 
0.003 (Io), corresponding to an age of 2,980+20 (lo) Myr 
BP (see ref. 11). Such a close fit to the Pb-Pb isochron suggests 
that these gneisses were derived from a source region that was 
homogeneous with respect to U/Pb during approximately 
single-stage evolution from the time of formation of the Earth 
to the isochron date. Geochemical differentiation at the latter 
time produced severe fractionation of U/Pb as well as isotopic 
homogenisation of Pb (that is, igneous parental material for 
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the gneisses acquired the mean isotopic composition of their 
source region at the isochron date, but had variable U/Pb). It 
is not clear whether isotopic rehomogenisation took place 
during the final metamorphism of gneisses emplaced over a 
significant period of time, or whether the gneisses were derived 
from the same homogeneous source over a relatively short 
period of time just before the culminating metamorphism. In 
the first case, the isochron date represents event 3 in Table 1, 
and a significant history of unknown duration is implied for the 
earlier events. In the second case, the isochron date may 
reflect the age of igneous material that was parental! to the 
gneiss complex. But because the rocks associated with each 
sequence of events conform to the isochron, the latter possibility 
requires that the culminating metamorphism closely followed 
(within a few 10° yr) emplacement of the various parental 
rocks. We cannot yet resolve this problem, but because of 
the complex geological history recorded by the Kangerdlug- 
ssuaq rocks the first possibility seems more likely. Considering 
the wide spread in °°°Pb/?**Pb obtained for our samples, and the 
small residuals obtained in the isochron regression, it seems 
improbable that further whole-rock Pb isotope analyses of 
Kangerdlugssuaq gneisses will reveal ages older than about 
3.0 x 10° yr. 

Sample KS-60 may be inconsistent with the lead-isotope 
systematics of the other samples because of uranium loss 
(relative to lead) subsequent to intense shearing of this rock. 
But recent loss of uranium (for example during early Tertiary 
igneous activity or post-glacial uplift in the area) would not 
account for the comparatively low 2 Pb/2Pb ratio in KS-60. 
It also seems unlikely that KS-60 was not initially affected by 
the event which caused effective homogenisation of lead isotopic 
compositions in the other gneiss samples (as seems required 
from the excellent fit of these samples to the 2°’ Pb/#°4Pb~2o*Pb/ 
209 Pb isochron). Therefore, we think it likely that uranium loss 
occurred during, or shortly following, the shearing of KS-60. 


Kangerdlugssuag gneisses 


A single-stage 73*U/*"Pb (Lo) of 8.1 is indicated for the source 
materials of the Kangerdlugssuaq gneisses. This value of 
Lip corresponds to a lead isotope growth curve which intersects 
our *’Pb/?Pb—?°6Pb/*4Pb isochron at 2,980 Myr and 0 
Myr, based on values for primordial lead isotope ratios anc 
decay constants given in ref. 11. This comparatively low value 
Of u is compatible with a mantle or lower crust source region 
for igneous precursors to the gneisses, because upper crustal 
rocks are generally enriched in U/Pb. For example, such enrich- 
ment in U/Pb is inferred for the Isua supracrustal rocks which 
yield a fig value of 8.7 (ref. 12). On the other hand, profound 
U depletion noted in many ancient infracrustal gneisses can 


Table 2 Lead content and isotopic composition of 
Kangerdlugssuaq gneisses 


ppm. Ph 'Pb/ seph 

Field no. Pb Ph : Suppe -Ph 
KS-39A (1)* 9.19 16.601 15.299 37.568 
Mafic gneiss with felsic layers 
KS-39C (2)* 13.31 17.164 15.369 35.908 
Felsic gneiss 
KS-43B (3)* 4.30 14861 14.886 34,587 
Porphyritic felsic gneiss a 
KS-44 (4)* 1.47 17.670 15.556 36.677 
Amphibolite gneiss 
KS-45 (5)* 20.03 14.061 14.730 33.407 
Pegmatitic plutonic gneiss 
KS-59 (6)* 30.00 20.434 16.169 33.876 
Kf-rich augen gneiss | 
KS-60 (7)* 12.67 20.467 15.841 60.468 
Cataclasised augen gneiss 
DS-48 (&)* 39.83 23.387 16.749 36.760 


Kf-rich granitic pegmatite 





*Numbers used in Fig. 2. 
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Fig. 2 
stage 


Lead isotope systematics of analysed samples. A single- 
growth curve with a pẹ value of about 8.1 1s shown for 
reference. f,, 2,980 Myr. 


result in present-day -unradiogenic Pb isotopic compositions. 
For comparison, 2.8 10° yr-old granulite facies rocks from 
south-western Greenland yield a u value of 7.5 using the same 
decay constants!?. The lower value of u, obtained for these 


granulite gneisses is in accord with the observation that U ` 


depletion commonly becomes more pronounced as metamorphic 
grade increases“. The 3.7x10* yr-old Amitsoq gneisses of 
western Greenland also yield lower values of po (about 7.6 to 
7.7) and, in addition, contain Pb that is much less radiogenic 
(™Pb/™Pb ranges from 11.5 to 14.9)'*'* than the Kanger- 
dlugssuaq gneisses. Consequently, it is unlikely that the 
Kangerdlugssuaq gneisses could represent metamorphosed 
parent material. equivalent in composition to the Amitsoq 
gneisses. Our work does not preclude the existence in the 
Kangerdlugssuaq area of older material with a composition 
different from that of the Amitsoq gneisses. The Vikan 
migmatitic gneisses in northern Norway yield a Pb-Pb whole- 
rock isochron age of, about 3.5x 10° yr, and a value of 
i, of 8.9 (using the decay constants given in ref. 11)". The range 
of ™Pb/™Pb values in these gneisses (14.8 to 21.2) is within 
the range for the Kangerdlugssuaq gneisses, but the latter 
display lower ™’Pb/*Pb ratios in accordance with their 
younger age. Conceivably, high-grade metamorphism of 
Vikan-like rocks more than 3.0x 10° yr ago could have pro- 
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duced gneisses with Pb isotopic compositions like those in the 
Kangerdlugssuag rocks. A discussion of the origin of the 
Kangerdlugssuaq gneisses will be presented elsewhere. 

The approximately 3.0 x 10°-yr-old metamorphism recorded 
in the Kangerdlugssuaq gneisses was apparently related to 
regional metamorphism of high amphibolite or granulite grade 
(depending in part upon level of exposure) that affected much 
of the Greenland Shield between 3.0 and 2.7 x 10° yr ago% 17$ -%, 
High-grade metamorphic rocks of similar age have been 
documented from the Lewisian Complex of north-western 
Scotland™-*. It has been noted that this blanket metamor- 
phism affected supracrustal as well as infracrustal rocks, thus 
recording an actual rise in crustal temperature during that time’. 
The complex geological relationships recorded in the Kanger- 
dlugssuaq gneisses, like those occurring in the Lewistan 
gneisses’, suggest a more extensive history of crustal evolution 
that predates the 3.0-2.7 x 10*-yr-old event. U-Pb zircon and 
Rb-Sr whole-rock analyses are in progress in an attempt to 
resolve earlier events and to test our interpretation that the 
whole-rock Pb—-Pb isochron age for the Kangerdlugssuaq 
gneisses reflects the time of last major metamorphism in that 
area. 


Roecelved March 15, accepted August 3, 1976. 
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In patients with B® thalassaemia from Ferrara, B globin 
mRNA sequences are either absent or structurally abnormal 
while in B° thalassaemia in Catania, B globin mRNA 
sequences are present. In 5B thalassaemia there is a de- 
letion of like globin genes, while in B° Catania DNA, 
no B globin gene deletion is detectable. 


THREE general types of P thalassaemia have been described to 
date: B+ thalassaemia, associated with the production of 
decreased amounts of structurally normal B globin; B° thalas- 
saemia, characterised by the absence of B globin synthesis; 
and 5B thalassaemia, in which synthesis of both 6 and B globin is 
absent!. The defect in B globin synthesis in these syndromes 
can be demonstrated by measurements of globin synthesis 
both in whole cells and by addition of isolated mRNA to 
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Fig. 1 Globin synthesis in reticulocytes of B° Ferrara. Elution 

from carboxymethyl cellulose chromatography of globin pre- 

pared from cells of a patient homozygous for B° Ferrara (patient 

2 in Fig. 46 and Table 1) which had been incubated with 

3H-leucine.4 The patient had been transfused 22d before the 
blood sample was obtained. 


heterologous cell-free systems?>, More recently, the availability 
of complementary DNAs (cDNAs) specific for a and B globin 
mRNA sequences has made it possible to quantify the a and B 
mRNA content of cells in these disorders®!?. In the B* thalas- 
saemias, we and others*:? have shown previously, using these 
molecular probes, that the amounts of cytoplasmic B globin 
mRNA is decreased. By contrast, in B? thalassaemia in patients 
from Italy, there have been conflicting reports*! either of 
the absence of structurally normal B mRNA sequences, or 
of structurally abnormal B mRNA sequences. B mRNA 
sequences in 58 thalassaemia have been shown previously to 
be absent’. We report here that in B° thalassaemia in patients 
from the Ferrara region of Italy, another distinctive genetic 
defect may be reflected at the mRNA level by the inability of 
B? Ferrara mRNA to hybridise fully to B cDNA. In contrast, 
we find significant amounts of B mRNA in B° Catania mRNA, 
which is consistent with the presence of abnormal, untranslated 
mRNA in some f° thalassaemia patients®:!!. We also report that 





Table 1 Amounts of aand B MRNA and percentage B cDNA hybridised 


° BcDNA 
Source of RNA* a/B mRNA content} hybridisedt 
Normal (8)§ 0.9-1.36 90-96 
+ thalassaemia (6) 4. 5-[4.3 82-88 
òB thal homozygote 0 18 
B° Catania =H! 2 80 
oo f 2.4 80 
B? Ferrara ~! 1.8 50 
~~ 2 1.78 54 
3 1.43 46 
— 4 1.04 56 
~§ 0.4 48 





*6 to 165 RNA was isolated by sucrose density gradient centri- 
fugation in all cases from peripheral blood. 

+Coty B CDNA/Cot; @ CDNA. The Coty is the Cat at the 
midpoint between the initial and final hybridisation plateau. 

tThe % of B cDNA resistant to micrococcal nuclease digestion at 
the final hybridisation plateau. The background without added RNA 
has not been subtracted. 

§Number of patients studied is in parentheses. 

‘Studies performed twice on the same patient. 
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in 58 thalassaemia there is a deletion of structural 6 and/or 
B globin gene sequences; in B* and B° Catania DNA, no such 
deletion is detectable. These results indicate a heterogeneity 
of gene defects in B thalassaemia, all of which can lead to 
decreased or absent B globin synthesis. 

The B° Catania patients are homozygous for B° thalassaemia 
and manifest the clinical symptoms of B thalassaemia. They 
range in age from 5 to 10. All of the patients have hepato- 
splenomegaly, abnormal red cell morphology with hypochromic, 
microcytic anaemia, elevated haemoglobin A. and F levels 
and require blood transfusions. The 68 thalassaemia 
homozygote is a patient who has only haemoglobin F, a mild 
anaemia, and thalassemic smear with hypochromic, microcytic 
cells'?. The B° Ferrara patients have high A-type homozygous 
B thalassaemia. Fibroblasts from patients with hereditary 
persistence of foetal haemoglobin (HPFH) and from normal 
patients were cultured by Dr Robert Krooth. The HPFH 
fibroblasts are from a patient who is homozygous for the black 
form of this disorder®. 

Total RNA was extracted from peripheral blood samples 
from which buffy coat had been removed'*®, RNA was fraction- 
ated on sucrose density gradients and the 6-16S region was used 
in hybridisation and biological activity studies. a and B globin 
cDNAs were purified as previously described’. The a and f 
globin cDNAs sediment as a relatively homogeneous 78 peak 
using alkaline sucrose gradient analysis. DNA was prepared 
essentially as described previously". Hybridisation of globin 
cDNA with spleen, liver, fibroblast and white blood cell DNA 
was also performed as previously described’. 
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Fig. 2 Hybridisation of a and B cDNA with normal (a) and 
homozygous 8B thalassaemia RNA (b). Between 2,000 and 
2,500 c.p.m. of a or B cDNA were hybridised to 5x10 to 
1.2 x107? ug of normal 6 to 16S RNA for 4h, and to I x 1074 
to | pg of 6B thalassaemia 6 to 165 RNA for 24 h to obtain the 
Cet values shown. Hybridisation was performed in a 10-pl reac- 
tion mixture at pH 7.0 containing (final concentration): 0.02 M 
sodium phosphate, 0.1% sodium dodecyl sulphate, 0.3 M NaCl 
and 0.002 M EDTA at 68 °C. The percentage hybridisation was 
determined after digestion of single-stranded cDNA with 
micrococcal nuclease: 4-1] samples of each hybridisation mixture 
were treated with micrococcal nuclease and 4 ul was used as 
control for recovery in individual experiments. A, a CDNA; 
A, BCDNA. 


No £6 globin synthesis was demonstrable by column chro- 
matographic analysis when peripheral blood samples containing 
reticulocytes from P? Catania, B® Ferrara or 58 thalassaemia 
samples were incubated with *H-leucine. A typical chromato- 
graphic separation on carboxymethyl cellulose’ in a patient 
from Ferrara is shown in Fig. 1. In contrast to previous studies'*, 
there is no induction of B globin synthesis 22 d after blood 
transfusion. Similar results were obtained with B° Catania cells 
and with homozygous 66 thalassaemia cells. When mRNAs 
from 68, B® Catania and B® Ferrara patients are added to a 
Krebs’ ascites tumour cell-free system (ref. 19 and R. G. and 
B. L., unpublished) there is also no detectable synthesis of 
B globin chains. Only a and y globin synthesis are present. 

Using normal reticulocyte 6 to 16S RNA, the relative content 
of a and B mRNA measured by hybridisation to purified 
cDNAs is close to 1.0 (Table 1, Fig. 2a). In addition, greater 
than 90% of the a and B cDNAs are protected from micro- 
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coccal nuclease digestion by normal reticulocyte mRNA, 
indicating that all of the nucleotide sequences in the cDNA are 
represented in the MRNA. Using 6-16S RNA isolated from 
the 58 thalassaemia homozygote, the a cDNA hybridises to a 
saturation plateau of 70% at a relatively low Cot value while 
at a Cot value 30-40-fold above this, only 18% of the B cDNA 
is hybridised (Table 1, Fig. 2b). The background of the hybridis- 
ation in the absence of added mRNA is 9%. These data indicate 
that 68 thalassaemia homozygote mRNA contains no 
detectable ô or B mRNA sequences, and confirms previous 
studies®. In addition, they show that the B cDNA probe used is 
contaminated with less than 10°4 a cDNA. The fact that only 
70° of the a cDNA is hybridised in a vast excess of 58 thalas- 
saemia mRNA (Fig. 2b) suggests that the a cDNA is con- 
taminated to approximately 20-25% with B cDNA sequences. 
Additional evidence supporting this is obtained when the a 
cDNA is hybridised with hydrops fetalis mRNA (containing 
no a MRNA); only 20 to 25% of the a cDNA is protected 
while B cDNA is hybridised to 85% (Fig. 3a). 
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Fig. 3 Hybridisation of a and B cDNA with hydrops fetalis 

(a) and B? Catania RNA (b). 2,000 and 2,500 c.p.m. of a or B 

cDNA were hybridised to 2 107? to 10 pg of hydrops fetalis 

6 to 16S RNA for 4 h and to 1.3 x 107*-6.4« 107 pg of B® 

Catania 6-16S RNA for 120 h. The hybridisation conditions and 

analysis are as described in the legend to Fig. 2. A, @ cDNA; 
/\, B CDNA. 


When 6-16S mRNA from B° Catania cells is hybridised to 
a and B cDNAs, a completely different hybridisation curve 
is obtained. The Cyt, with the B cDNA is 2-and 2.4-fold 
greater than that with a cDNA indicating 2-to 2.4-fold greater 
amounts of a than B globin mRNA sequences are present 
(Fig. 36, Table 1). Here, 80% of the B cDNA is protected from 
micrococcal nuclease digestion using the RNA of this patient. 
Although it is clear from Fig. 3b that almost all of the B cDNA 
is hybridised and the curve is continuing to descend, a high 
enough C,f value was not attained to determine if all of the 
nucleotide sequences in the B cDNA are present in the B mRNA 
molecules in the cells of this patient. More extensive studies 
at higher Cof values in this and other patients with B° Catania 
thalassaemia are required to determine if all of the sequences 
present in intact B mRNA are present. However, the extent of 
B cDNA hybridisation is clearly different from that of 6B 
thalassaemia mRNA. These data are consistent with those 
reported previously in two patients using rabbit globin cDNA 
probes! and in two Chinese patients and a B® patient of Italian 
extraction’! suggesting the possibility that there is non-functional 
B globin mRNA in some patients with B° thalassaemia. Since 
in these“?! and the present studies, less than full-length B cDNA 
probes are used, even complete hybridisation of the B cDNA 
would not prove that complete B globin mRNA molecules are 
present and untranslatable. To do this, studies using full-length 
cDNA and structural analysis of the B mRNA will be required. 
The results reported here also do not exclude the possibility 
that some patients with B° thalassaemia from Catania may have 
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an absence of B mRNA as has been reported in other p° 
patients®:!?. 


Defect in mRNA from B° Ferrara cells 


When B° Ferrara 6-16S RNA is hybridised to the a and ĝ 
cDNA probes, a different result is obtained from that with normal, 
88 or B° Catania MRNA. First, the B cDNA is only hybridised 
to 46-56% at Cot values even in MRNA excess 10- to 25-fold 
greater than that necessary to protect the a cDNA maximally 
(Table 1, Fig. 4). Using cDNA synthesised from HbH mRNA, 
similar extents of hybridisation were obtained to those using P 
cDNA, 45-55%. The Cot; values are an accurate measure of 
the relative amounts of a and B mRNA present in a sample 
of RNA®*28, The Cot, values for € in Fig. 4 are 2x 1077 and 
9x 107? respectively. If a small amount of intact p mRNA 
capable of hybridising to all of the B cDNA is present in B° 
Ferrara mRNA, it must represent less than 5% and 2% of 
a mRNA since the Cat; of any complete B mRNA must be at 
least 4x 10~ and 6 (highest Cyt values reached) respectively. 

Mixing of two 8° Ferrara mRNA preparations in different 
combinations did not increase the percentage hybridisation of p 
cDNA. By contrast, mixing of B° Ferrara mRNA with hydrops 
fetalis mRNA or normal mRNA leads to over 90% hybridisation 
of the B cDNA, indicating that no inhibitor of B mRNA hybrid- 
isation is present in the $° Ferrara mRNA samples. When p° 
Ferrara is hybridised toB cDNA at 78 °C instead of 68 °C, thereisa 
decrease in the amount of cDNA protected from micrococcal 
nuclease digestion to a background value. The hybridisa~ 
tion of normal reticulocyte MRNA to B cDNA and of normal 
and B® Ferrara mRNA to a cDNA are unaffected by a 
similar increase in temperature. The lower level of protection 
of a cDNA by B° Ferrara mRNA than by norma! mRNA can 
be explained by contamination of a cDNA by B cDNA se 
quences. This was confirmed by showing that when hydrops 
fetalis mRNA containing only B and y mRNA was added to 
the Ferrara mRNA, 90% of the a cDNA probe could be 
protected. 

In B° Ferrara mRNA, it is clear that different hybridisation 
results are obtained than with B* and B° Catania and 8B MRNA. 
Even in large mRNA excess only 46-56% of the B cDNA 1S 
hybridised; only about half of the nucleotide sequences present 
in B cDNA are represented in B Ferrara RNA in significant 
amounts. This finding cannot be explained by contamination 
of the B cDNA probe by a cDNA since only 18% of the B 
cDNA is hybridised at similar inputs of RNA from 66 thalas- 
saemia cells which also contain a MRNA in normal amounts. 
In all five B? Ferrara patients studied, the defects in P mRNA are 
similar if not identical since there is no increase in saturation 


Fig. 4 Hybridisation of a and B cDNA with B® Ferrara! 
RNA (a) and B* Ferrara~2 RNA (b). Between 2,000 and 2,500 
c.p.m. of a or B cDNA were hybridised to.4< 10° ug to 
3x107 ug of B° Ferrara~2 RNA for 8h, and to, 1.2 « iQ ~*. 


8 x 10-* pe B° Ferrara-l RNA for 4h. The hybridisation cor 
ditions and analysis were as described in the legend to Fig 2. 
A, acDNA;: A, B cDNA. 
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hybridisation with B cDNA when mixing of B® Ferrara mRNA 
samples were performed. 

The possibility that the 8 cDNA is hybridising with y mRNA 
sequences in R° MRNA was studied by comparing the hybridisa- 
tion of y cDNA prepared as described previously”! with 6B 
thalassaemia and B° Ferrara mRNA. Using both types of 
mRNA the y cDNA probe was hybridised at Cyt; values two- 
to threefold less than using a cDNA, indicating approximately 
one-third to one-half as much y as a MRNA is present in both 
of these mRNAs (F.R. J.V.O°D., C. Natta and A.B., un- 
published). The hybridisation data support cell-free studies 
indicating that similar amounts of y globin mRNA are present 
in B° Ferrara and 68 mRNA. The results with òB mRNA 
indicate that y MRNA does not cross hybridise with the B 
CDNA probe in the conditions of hybridisation, and that the 
difference in the extent of hybridisation of B cDNA to 6B 
and $° Ferrara mRNA cannot be explained by the presence 
ofy mRNA. 

Several possible mechanisms can explain the 35-45%% 
difference in hybridisation of B° Ferrara mRNA and 66 thalas- 
saemia MRNA with B cDNA. First, B mRNA may be com- 
pletely absent in these cells, but since 6 mRNA is present in 
B° Ferrara cells, the partial hybridisation may be due to homol- 
ogy between B CDNA and 6 mRNA nucleotide sequences. 
Since B and 6 globin chains differ by only 9 of 144 amino acids, 
significant homology at the nucleotide level is not unlikely. 
But the relatively low Cot of hybridisation to B CDNA when 
compared with hybridisation to a cDNA (Fig. 4) requires a 
rather large amount of ô mRNA to be present in these cells. 
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If incomplete orstructurally abnormal mRNA existed, the abnor- 
mality in B® Ferrara mR NA could be either at the 5’ or 3’ end of the 
mRNA outside of the nucleotide sequence necessary to encode 
B globin; the complete nucleotide sequence in MR NA necessary 
to encode B globin could be intact, although this MRNA 
might be more labile than normal mRNA and reports of 
induction of B globin synthesis by transfusion in vive and 
addition of supernatant fractions in vitro would be possible! * °. 
Regardless of the precise explanation for the limited hybridisa- 
tion of Ferrara mRNA to B cDNA, the results suggest that the 
genetic lesion in B? Ferrara is different from that in B? Catania, 
B+ and 6B thalasseemia and is associated with either an absence 
of B globin mRNA or an abnormal B globin mRNA. The precise 
nature of the gene defects in the B° Catania and B® Ferrara and 
perhaps other forms of B® thalassaemia must await analysis 
of newly synthesised B globin MRNA sequences in the nuclei of 
erythroid cells in patients with these syndromes. 


Deletion of globin gene 

sequences in 0B thalassaemia 

When B cDNA is hybridised to normal DNA approximately 
51-56% of the B cDNA is hybridised at similar cDNA : cellular 
DNA inputs (Table 2). DNA from normal fibroblasts, spleen 
and white blood cells all give similar levels of hybridisation. 
When DNA from B® Catania cells is hybridised to B cDNA, 
approximately 50-55°% of the B cDNA becomes hybridised. 
These results indicate that there is no detectable deletion of 











Table 2 Hybridisation of a and f cDNA to cellular DNA 
Percent hybridisation” 
acDNA B cDNA 
Source of DNA Cat : 4,320 Cot : 8,640 Cyt : 4,320 Cat : 8,640 
Normal —] 43 39 51 SI 
Normal -—2 47 49 54 56 
Normal -~ 3 47 46 5] 51 
HPFH homozygote 35 36 23 22 
öß homozygote 37 ål 32 29 
5B heterozygote — l 44 44 38 4] 
6B heterozygote —2 40 43 4] 43 
B? Catania — I 47 46 59 50 
B° Catania —2 45 43 56 54 
Hydrops fetalis 2 20 53 53 





“In each CDNA-~DNA hybridisation, 3.3 = 107 as much cDNA as cellular DNA is used, Forty-five pl aliquots containing 0.135 mg of DNA 
and 630 ¢.p.m. (0.045 ng) of either a or B CDNA were mixed in 0.12 M sodium phosphate (pH 6.8) and 0.4°% sodium dodecyl sulphate in 100-p1 
capillary pipettes, heated in a boiling water bath for 15 min and incubated at 68 `C for varying times in order to attain the Cyr values shown. 
The cDNA eluted from hydroxylapatite at 68 C by 0.4 M sodium phosphate is expressed as a percentage of CDNA eluted by 0.12 M plus 0.4 M 


sodium phosphate successively. The values obtained at different Cyr values are shown to indicate a saturation plateau has been reached. 


Alternatively, the RNA sequences hybridising to B CDNA may 
represent Lepore-like globin MRNA in the Ferrara RNA, and 
the hybridisation to B cDNA due to homology with the B-like 
sequences in this Lepore-like chain. Or third, there may be a 
partial deletion of B globin mRNA sequences at the 3’ end of 
Ferrara mRNA, In addition to 50-100 polyadenylate residues 
at the 3’ end of human globin mRNA**, studies of abnormal 
elongated human globin mutants suggest that there Is an 
untranslated nucleotide sequence of approximately 100 nucleo- 
tides at this end’. Since B globin cDNA contains approximately 
400 nucleotides and primarily sequences synthesised from the 
3’ end of mRNA, a deletion at the 3’ end of the Ferrara MRNA 
might result in the findings reported here, Lastly, the presence 
of normal amounts of a structurally abnormal mRNA with 
either increased lability or considerable secondary structure 
must be considered. Such an abnormal RNA might not be 
fully hybridised to B cDNA. Either cross hybridisation of B 
cDNA toô mRNA sequences or an abnormal B MRNA could 
explain the lability of the B° Ferrara mRNA-B cDNA hybrid. 


B or B-like genes in B° thalassaemia. In contrast, when HPFH 
DNA is mixed with B CDNA only 22-23%% of the B cDNA is 
hvbridised at saturation (Table 2). Using DNA from a 6B 
thalassaemia homozygote, only 32 and 29%, of the B cDNA 
is hybridised, somewhat higher than that using HPFH DNA 
(Table 2). Similarly, DNA from heterozygotes for 6B thalas- 
saemia show decreased hybridisation to the B cDNA probe to 
4! and 43°. respectively (Table 2). To determine if the deletions 
in HPFH and df thalassaemia DNA are overlapping, 0.112 mg of 
homozygous 6B thalassaemia DNA and 0.113 mg of HPFH DNA 
were mixed and annealed with 0.045 ng B cDNA to a Cor of 
8.640: 37° of the 8 cDNA was protected. 0.225 mg of normal 
DNA gave 59° hybridisation while the same amount of HPFH 
DNA gave 24°, hybridisation with the same input of B cDNA. 
The data are consistent with overlapping gene deletions in 
HPFH and 88 thalassaemia DNA with a larger deletion in 
HPFH DNA. 

When a cDNA is hybridised to cellular DNA from normal, 
HPFH. 8 and B® thalassaemia cells at similar inputs of cDNA 


a 
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and cellular DNA, relatively similar amounts of hybridisation 
of the a cDNA are obtained (Table 2). These values indicate 
that normal, HPFH, and B° and 8f thalassaemia DNA all 
contain similar numbers of a globin genes and serve as a useful 
internal control of the cellular DNA: cDNA input. There is 5 
~10% less hybridisation of a cDNA with HPFH, and 3-7% 
less hybridisation of a cDNA with 68 thalassaemia DNA from 
the homozygote than with similar inputs of normal or B® 
thalassaemia DNA (Table 2). This is consistent with B cDNA 
sequences in the a CDNA probe which cannot be hybridised 
because of the deletion of B-like cellular DNA sequences. The 
somewhat higher level of hybridisation of normal DNA to cDNA 
than to a cDNA (51-56% compared to 39-49%) confirms 
previous data’. 

Studies to date indicate that in homozygous B* thalassaemia’, 
8° thalassaemia!? and in a 5B/B® double heterozygote’ there is 
no detectable deletion of globin structural genes. In contrast, 
deletion of globin structural genes has been reported in HPFH 
homozygotes!**4. Our results confirm deletion of B-like 
globin DNA nucleotide sequences in HPFH DNA (Table 2). 
Less than half as much hybridisation of B cDNA occurs with 
HPFH DNA as with similar input of normal DNA. The nature 
of the sequences in HPFH DNA which hybridise to B cDNA is 
not yet defined; they may represent incompletely deleted 6 
and/or B structural gene loci, embryonic B-like genes or cross 
hybridisation of a gene sequences to the a cDNA contaminating 
the B cDNA probe. 

Deletion of B structural gene sequences has recently been 
observed by others (S. Ottolenghi ef al, unpublished) in 
patients homozygous for 58 thalassaemia. We have confirmed 
the deletion of B-like gene material in one of these homozy- 
gotes. Further, we demonstrate detectable deletions of B-like 
gene material in heterozygotes for 5B thalassaemia (Table 2). 
Our methodology seems to be more sensitive in detecting 
gene deletions in 68 heterozygotes than hybridisation in vast 
DNA excess or vast CDNA excess, since such a deletion was 
not detected by others using these methods’. These data are 
consistent with at least partial deletion of B or ò globin structural 
genes or parts of both in this disorder. The deletion of structural 
globin gene sequences in dB thalassaemia DNA may, in addition, 
be less than that in HPFH DNA. In both HPFH and homo- 
zygous Of thalassaemia, the only haemoglobin produced is 
foetal haemoglobin, HbF. In HPFH, sufficient y globin is pro- 
duced to maintain normal haemoglobin levels, while in 58 
thalassaemia, y globin production does not compensate and 
there are cellular abnormalities typical of thalassaemia and 
consequent haemolytic anaemia. Regulation of y globin 
synthesis at the gene level has been postulated to involve regu- 
latory nucleotide sequences adjacent to the 6 structural genes”. 
It may be speculated that deletion of these sequences in HPFH 
permits maximal expression of y globin genes even in adult life. 
The differences in hybridisation between HPFH and 858 thalas- 
saemia DNA with B cDNA reported here could reflect the 
presence of residual sequences in 6B thalassaemia DNA with 
a suppressive effect on y globin production. The residual 
sequences present in 68 thalassaemia and absent in HPFH 
DNA may generate a gene product which suppresses y gene 
activity. Alternatively, no such diffusible gene product acting 
in cis would be required if the sequences we are detecting in 
6B thalassaemia which are absent in HPFH are adjacent to the 
y globin genes and are involved in the normal suppression of y 
globin gene activity in adult life. These speculations do not ex- 
clude the possibility that other genetic interactions may control 
Yy gene expression. 

l Recently, a patient with B° thalassaemia has been described 
in whom there is absence of B mRNA but no apparent deletion 
of B-like genesi”, In the present and previous studies™!? of 
patients with B° and B* thalassaemia who have intact 6 globin 
loci, it is possible that cross hybridisation between B cDNA 
and 6 gene sequences can obscure the detection of small de- 
letions in B structural genes. In addition, the use of less than 
complete length B cDNAs in all of the studies reported to date 
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of gene deletion in B and 58 thalassaemia make it possible that 
deletions of B-like sequences in DNA at the end of $ or ĝ 
genes homologous to the 5’ end of B globin mRNA may exist 
and remain undetected in these syndromes. 

The common denominator of the B thalassaemia syndromes 
is decreased B globin synthesis with inadequate y globin 
compensation. The decrease in B globin production in Be 
thalassaemia is associated with decreased B globin MRNA 
and is due to either a defect in regulatory genes controlling p 
structural gene expression or the production of a structurally 
abnormal B gene product which is partially destroyed during 
RNA processing in the nucleus. In one patient with B° thalas- 
saemia, absent B mRNA is associated with no detectable 
deletion of B globin genes'®. On the other hand, as demonstrated 
in this paper, the absent 8 and B mRNA in 66 thalassaemia is 
associated with deletion of 6 and/or B gene material. In some 
8° thalassaemia patients*' including one from Catania de- 
scribed here there are significant amounts of incomplete. or 
complete B mRNA sequences in cells which are untranslated 
and may reflect a small abnormal nucleotide sequence in the 
B globin gene. This report provides evidence that f° Ferrara 
may differ from other forms of B° thalassaemia described to 
date and is associated with either abnormal or absent Bp mRNA. 
Thus, the B thalassaemia syndromes represent a heterogeneous 
group of disorders at the genetic level, all of which lead to 
decreased B globin production. 
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A seven-membered microbial community capable of 
utilising the herbicide Dalapon has been isolated by 
continuous-flow enrichment culture. The composition 
of this community has remained remarkably stable 
over thousands of hours in a Dalapon-limited chemo- 
stat. During this period, however, one member of the 
community, Pseudomonas putida, acquired the ability 
to grow on Dalapon through the evolution of an extant 
dehalogenase. 


IN most natural environments different populations of micro- 
organisms grow in close proximity to each other and may 
utilise similar substrates present in the ecosystem. One likely 
consequence of this is that various nutritional and physical 
interactions will develop between the populations leading to 
the evolution of complex, mutually dependent and possibly 
highly stable microbial communities. It is reasonable to 
postulate that interacting microbial communities are com- 
mon in nature; however, very few microbial associations of 
this type have been defined, principally because tmappro- 
priate enrichment and selection techniques have been used 
to isolate them from natural environments. 

The aims of the work reported here was to use suitable 
continuous-flow culture enrichment procedures’ to isolate 
a microbial community which could grow on the herbicide 
2,2°-dichloropropionic acid (Dalapon, Dow Chemical 
Company) as its sole source of carbon and energy. Dalapon 
is a widely used herbicide which is effective against mono- 
cotyledons and is known to undergo microbial degradation’. 
Such a compound was selected because it was argued 
that mixed populations possessing diverse metabolic 
capabilities are more likely to be able to metabolise recalci- 
trant or semi-recalcitrant compounds than are populations 
composed of a single species. In addition, it seems to be the 
general case that so called ‘environmentally foreign’ com- 
pounds are degraded much more rapidly in natural en- 
vironments than they are by monocultures of micro- 
organisms grown in similar conditions in the laboratory. 
Such observations provide circumstantial evidence for 
cooperative metabolic attack by a microbial community, 


Characterisation of isolated 
microbial community 


Figure | describes the structure of the microbial commu- 
nity which has been isolated on several occasions from four 
different soil sources, two of which had been pretreated with 
Dalapon. Initially, after three weeks growth in the chemo- 
stat enrichment system, the mixed culture consisted of 
seven different microorganisms which could be divided into 
two groups. The first group comprised the primary utilisers 
which, in monoculture, were able to grow on Dalapon as 
the only carbon and energy source. [In all four microbial 
communities originally isolated, three primary utilisers were 
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found: two were Gram-negative, motile rod bacteria, one of 
which (Pl) was identified as a Pseudomonas species of 
Shewan’s group Il (ref. 4) the other (P2) remains unidenti- 
fied. The third Dalapon utiliser was a filamentous fungus, 
Trichoderma viride (P4). The other group contained the 
secondary utilisers which were unable to grow on Dalapon 
in monoculture in any growth conditions. These secondary 
organisms must have been growing on metabolites which 
were produced directly from the primary catabolism of 
Dalapon, or metabolites excreted by the growing primary 
utilisers, or on compounds freed into the growth medium as 
a consequence of the death and lysis of primary and secon- 
dary utilisers. The non-Dalapon utilisers were three bacteria 
-~a Flavobacterium species (S1), Pseudomonas putida ($3), 
and an unidentified pseudomonad (S4)—and a pink budding 
yeast (SS). The quantitative species composition remained 
very stable with changing growth conditions with the ex- 
ception of the two major primary Dalapon utilisers; at low 
dilution rates in the chemostat (less than 0.25 h° the 
bacterium P2 was the dominant primary organism whereas 
at high dilution rates (greater than 0.45 h`) Pseudomonas 
species PI dominated. 


Stability of the community 


The yeast was only loosely associated with the microbial 
community and was eliminated from the enrichment chemo- 
stat the first time the dilution rate was raised above 0.2 h™. 
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Fig. 1 The structure of the microbial community growing on 
2,2’-dichloropropionic acid. The chemostat enrichment cultures 
had a volume of 0.51 and were operated at a dilution rate (D) 
of 0.015 h. The growth medium consisted of (g 171): K,HPO,, 
1.5; KH,PO,, 0.5: (NH,).SO,, 0.5; MgSO,.7H,0, 0.2; Dalapon, 
mixed Na and Mg salts (Dow Chemical Company, UK) 1.65; 
pH 7.3. Several enrichments were set up using as inocula, 
a, culture effluent from a soil column containing a sandy loam 
(pH 4.8) which had been pretreated with Dalapon (the column 
had been perfused with Dalapon-containing minimal medium 
for several weeks before some of the culture effluent was used as 
the inoculum) and b, soil, either sandy loam or sandy chalk, 
which had or had not been pretreated with Dalapon, added 
directly to the chemostat. The enrichment cultures were 
monitored for biomass (culture absorbance and dry weight), 
species composition, pH and residual Dalapon concentration 
(determined by measuring chloride ions in solution by modifica- 
tion of Mohrs method’). 
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The remaining six-membered association was exceedingly 
stable, however. One of the isolated communities was cul- 
tured for over 7,500 h at constant growth rate and environ- 
mental conditions with no qualitative change in the 
species composition. A second six-membered community 
has been continuously grown in a Dalapon-limited chemo- 
stat for over 13,500 h, which corresponds to approximately 
3,700 generations. Throughout this period, and in spite of 
repeated environmental perturbations and changes in the 
specific growth rate, only one significant change in the 
community’s character has been detected and this is de- 
scribed later. This particular community has been sub- 
jected to regular changes in dilution rate, such that seven 
continuous cycles of increasing and decreasing growth rate 
have been completed. 

In the first cycle (Fig. 2) the dilution rate was increased 
by small increments and steady-state cultures were estab- 
lished at each value. At growth rates below D=0.25 h` the 
culture pH remained approximately constant at 3.3. The 
reduced pH in the poorly buffered growth medium and in 
the absence of fermenter pH control was due to the com- 
plete breakdown of the available Dalapon and the con- 
comitant production of HCl. With a further slight in- 
crease in the dilution rate there was a marked rise in the 
culture pH to 6.1. This shift in pH was simultaneously 
accompanied by an increase in the unused Dalapon concen- 
tration and a decrease in the culture biomass. Further in- 
creases in the dilution rate, up to a maximum of Iih”, 
caused further increases in the pH up to a maximum of 6.9. 
When the dilution rate was gradually decreased to complete 
the first cycle of dilution rate changes, a reverse hysteresis- 
like pattern of pH change was observed with the rapid phase 
of pH decline occurring at dilution rates between D=0.19 
and 0.17 h>. 

With successive cycles of changing dilution rate, the rate 
of pH change decreased until, by the seventh cycle, the 
pH change took place gradually over almost all the dilution 
rate range examined: moreover, in these later cycles the 
culture pH did not fall to the original low values. These 
observations indicated that to some extent the microbial 
community gradually stabilised, without qualitative changes 
in the species composition of the association, to dampen 
and minimise the environmental changes which occurred 
with changes in the dilution rate. The overall effect was to 
reduce the potentially deleterious influence of rapid pH 
fluxes: : 

During the increasing phase of the first dilution rate cycle 
(Fig. 2), the sudden pH shift was accompanied by an 
immediate development of heavy growth on the walls 
throughout the chemostat vessel. When the dilution rate 
was decreased the wall growth disappeared once the pH 
values had dropped to ~ 4.0. In later cycfes the appearance 
of wall growth was much more gradual, probably because 
the change in pH was correspondingly less rapid. In all 
these latter cycles, however, heavy wall growth became re- 
established when the pH had risen to greater than 5.0. 
The composition of the wall growth was complex, but it 
contained all the individual species of the microbial com- 
munity originally present in free suspension. The attached 
surface growth was dominated by the mycelia of Tricho- 
derma viride, however, and this contrasted markedly with 
the microflora in suspension at the same dilution rates, from 
which the fungus was virtually absent. At the lower dilution 
rates, and hence at low oH values, hyphae of T. viride were 
dispersed homogeneously in the culture. The development 
of wall growth prevented washout of the culture at dilution 
rates exceeding the maximum specific growth rate of the 
community and effectively preserved the integrity of the 
community in such circumstances. Submerged liauid batch 
and agar plate cultures of T. viride growing on Dalanon 
proved that the fungus readilv metabolised the herbicide 
and grew vigorously at low pH values whereas at pH>6.0 
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Fig. 2 The change in steady-state culture pH for the six- 
membered microbial community growing in a Dalapeon-limited 
chemostat during the first cycle of increasing and decreasing the 
dilution rate. ©, Steady-state pH values in the increasing dilution 
rate phase; @, pH values during the decreasing dilution rate 
phase. Heavy wall growth dominated by T. viride was established 
at growth rates in excess of D = 0.28 h °, during the increasing 
dilution rate phase, and had disappeared between DH == 0.19 and 
0.17 h~ during the decreasing stage. 


growth was extremely sparse. Thus fungal growth on the 
internal surface of the chemostat seemed to be a response to 
unfavourable conditions, namely high pH values, which 
developed at high dilution rates, and an attempt to create a 
favourable microenvironment within the chemostat where 
low pH conditions could be established and maintained. 


New primary Dalapon utiliser 
The significant change in the nature of the microbial com- 
munity, first noticed after 2,900 h of continuous growth, 
was the appearance of a fourth primary Dalapon utiliser, 
subsequently identified as P. putida (P3) and identical in all 
other respects to the secondary utiliser, P. putida S3. H 
seemed possible that P3 had arisen as a mutation of 53 
during the prolonged period of growth under Dalapon- 
limited conditions. The evolvant was retained within the 
community, together with its parent S3, and did not seem to 
unbalance the system. It is interesting that the selection of 
another primary utiliser should have occurred in spite of 
the presence of the three original primary utilisers and the 
inevitable increase in competition for the growth-limiting 
nutrient. Indeed the presence of three or four primary 
utilisers apparently contradicts the kinetic theory of en- 
richment cultures*’ which predicts that the organism with 
the greatest affinity for the limiting nutrient (that is, the 
lowest saturation constant) or the highest maximum specific 
growth rate will be the most successful in competing with 
others. In open systems, such as continuous-flow cultures, 
the most competitive organism ought to cause the elimina- 
tion of the less competitive population. Our observations 
strongly indicate that several, so far unidentified, inter- 
actions occur between the individual populations of the 
whole community and these serve to stabilise free com- 
petition between the primary utilisers. The catabolism of 
Dalapon by hvdrolysis to pyruvic acid and free chloride 
occurs as a result of the activitv of the enzyme dehalo- 
genase’. Thus P. putida P3 could have arisen either by the 
acquisition of Dalapon-metabolising capability hy plasmid 
transfer from one of the original primary utilisers, or, by 
the selection of a mutant having a modified dehalogenase 
activity enabling it to metabolise Dalapon. 

The latter hypothesis has been verified in monoculture 
chemostat studies. P. putida S3, isolated from the micro- 
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Fig. 3 a and b, Two experiments demonstrating the evolution of 
Dalapon-metabolising P. putida P3 from the non-Dalapon- 
metabolising P. putida S3. See text for details. Lower @, culture 
absorbance (Eg.;); ©, unused Dalapon as a percentage of the 
concentration in the inflowing medium. Top @, culture pH. 


a range of environmental conditions. A culture of P. putida 
$3, grown on sodium propionate, was inoculated into a 
chemostat containing a minimal growth medium with the 
carbon source as the growth-limiting substrate and operat- 
ing at a dilution rate of 0.05 h`. The carbon source was a 
mixture of sodium propionate (0.07g carbon I°) and 
Dalapon (0.35g carbon 1°) which gave a carbon ratio of 
1:5. S3 was initially able to grow only on the propionate 
carbon and thus could be retained in the open culture 
system and at the same time be continuously exposed to a 
non-utilisable carbon source. Accordingly evolvants with the 
capacity to utilise the additional carbon source might be ex- 
pected to have a considerable selective advantage if they 
could acquire the capacity to metabolise Dalapon. 

Figure 3a and b shows the results of two such evolution 
experiments. In the first experiment (Fig. 3a) a steady- 
state culture of strain S3, growing solely on propionate was 
established with a culture absorbance of approximately 0.1, 
a situation that was maintained for just over 1,200h of 
continuous growth in constant environmental conditions. 
During the first stage of the experiment the culture pH 
remained constant at its initial value of 7.4, suggesting 
that no Dalapon was being metabolised. This coriclusion was 
confirmed by measuring free chloride in the culture and 
calculating the percentage of Dalapon which had been 
metabolised. After 250h of growth a small number of 
Dalapon-metabolising colonies were detected on dilution 
plates. Initially the detection of such colonies was variable 
but with time their frequency of detection increased until 
they were found in every sample taken from the chemostat. 
The presence of Dalapon-metabolising individuals within 
the population did not immediately result in their com- 
petitive selection and displacement of the S3 population. 
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After 1,200 h of growth, however, such an event did occur 
and was manifest as an approximately fivefold increase in 
the culture absorbance, a result which would be anticipated 
if the evolvant population were able to utilise the additional 
carbon source. Metabolism of Dalapon was indicated by a 
concomitant decrease in culture pH and an increase in free 
chloride in the culture. Within 30h the evolvant P3 
succeeded in establishing a new steady-state culture and 
completely displacing the original S3 strain. In the new 
steady state the Dalapon concentration in the chemostat was 
reduced to zero. A similar sequence of events has been 
observed in five other experiments, the only variation being 
the time at which the Dalapon-metabolising population 
managed to replace the parent strain. In a second experi- 
ment (Fig. 3b) for example, the mutational event leading 
to the selection of the P3 strain occurred much later, after 
3,750 h of continuous growth, in conditions identical to 
those of the first experiment. 

Preliminary dehalogenase analyses have shown that 
during the first 3,750 h of growth of P. putida $3 (Fig. 35) 
there was no dehalogenase activity with a specificity towards 
Dalapon. After the mutational event and the establishment 
of the new steady-state culture however, Dalapon-specific 
dehalogenase activity was detected (E. Senior, C. Larvin, 
J. H. Slater and A. T. Bull, unpublished). In addition, we 
have obtained evidence which shows that the dehalogenase 
originally possessed by P. putida S3 had a specificity towards 
2-monochloropropionic acid and that the evolvant P3 has a 
markedly increased specific activity of the 2-monochloro- 
propionic acid-specific dehalogenase (J. H. Slater, D. E. 
Sanders and A. T. Bull, unpublished). Growth experiments 
have indicated that P. putida S3 will grow slowly on 
2-monochloropropionic acid as its sole carbon source, 
whereas P3 grows vigorously on this substrate. 


Enzyme evolution 

Experimental enzyme evolution is an area that has excited 
growing interest over the past decade and elegant 
demonstrations of the evolution of enzymes with new 
specificities and activities have been provided by studies of 
the aliphatic amidases of P. aeruginosa’ and the pentitol 
dehydrogenases of Klebsiella aerogenes’. The chemostat 
offers considerable scope for investigating the evolutionary 
potentialities of microorganisms, principally because it 
enables the imposition of precise selection pressures on a 
population. The putative evolution of P. putida dehalo- 
genase is a further vindication of this experimental 
approach and it is worth emphasising that it was achieved 
without the intervention of specific mutagens. Moreover, 
we would like to emphasise the value of mixed microbial 
populations in enzyme evolution studies in two important 
respects. First, within such a mixed system multiple 
selective pressures can operate which are analogous to 
those occurring in real ecosystems. Second, in the microbial 
community we have begun to analyse it is clear that the 
biochemical and physical nature of the whole system pro- 
vides a permissive environment for metabolic evolution. In 
particular, the secondary species, by virtue of the fact that 
they are continuously supplied with assimilable substrates 
by the activity of the primary utilisers, are retained within 
the community and thus are continuously exposed to a 
non-metabolisable compound. Indeed it is clear that for 
enzyme evolution experiments in monoculture a meta- 
bolisable ‘carrying’ substrate has to be provided to ensure 
that the single species population continues to grow and 
be exposed to the non-metabolisable substrate for long 
periods. We are now attempting to elucidate the precise 
nature of the dehalogenase in the parent P. putida and its 
relationship to the evolvant strains and to explore the 
extent to which the catalytic activity of this enzyme can 
be modified to deal with different chlorinated , aliphatic 
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contracting substance-releasing factor 
and inhibition of its activity by 
anti-inflammatory steroids 
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Rabbit aorta .contracting substance-releasing factor 
(RCS-RF) is found in perfusates from guinea pig lungs 
during anaphylaxis. It has been identified as a small 
peptide which releases arachidonic acid from lung 
tissue, thus generating prostaglandin endoperoxides and 
thromboxanes and causing bronchoconstriction. Anti- 
inflammatory steroids block the release of arachidonate 
by RCS-RF. In this activity their relative potency is 
very similar to their relative anti-inflammatory potency, 
suggesting that the two actions may be related. 


Piper and Vane’ detected the release of additional sub- 
stances into the perfusate during anaphylaxis in isolated 
lungs from sensitised guinea pigs. Because of its activity 
they called one “rabbit aorta contracting substance” or 
“RCS”. RCS was unstable at room temperature and its 
release was blocked by aspirin-like drugs. RCS has now been 
identified as a mixture of the prostaglandin § cyclo- 
endoperoxides (PGG; and PGH:) and thromboxane Ae 
(TXA. The RCS activity is mainly due to TX As. Piper 
and Vane also found that after the RCS activity of the 
perfusate declined, another much more stable substance 
could be detected. This was called ““RCS-releasing factor” 
or RCS-RF because effluent containing RCS-RF injected 
into the pulmonary artery of perfused lungs from un- 
sensitised guinea pigs induced a release of “RCS”. We have 
now isolated and partially purified RCS-RF, which seems 
to be a small peptide. RCS-RF stimulates the generation of 
PG endoperoxides and TXA; probably by releasing the 
precursor arachidonic acid from lung tissue. Steroid anti- 
inflammatory drugs block this releasing action and thus 
prevent the generation of TX A», whereas non-steroid anti- 
inflammatory drugs block the generation of TXA; by a 
direct effect on the prostaglandin cyclo-oxygenase enzyme. 
The rank order of nine steroid drugs as inhibitors of RCS- 
RF activity correlates well with their rank order as anti- 
inflammatory substances. 


Isolation, partial purification and assay 

The assay procedure for RCS-RF and SRS-A like activity 
is described in the legend to Fig. 1. Lungs were removed 
from male guinea pigs (200-300 g) which had been sensitised 


*To whom all correspondence should be addressed. 
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to ovalbumin (100 mg subcutaneously and 100mg intra- 
peritoneally) 2-4 weeks earlier. The lungs were perfused 
through the pulmonary artery with Krebs’ solution at 
10 ml min` as previously described’. Anaphylactic shock 
was induced by injection into the pulmonary artery of 10 mg 
ovalbumin and the perfusate was collected for 10min 
(about 100 mD. Effluent from 5-10 sensitised lungs was 
pooled, centrifuged (5,000g for 30min) to remove cells, 
filtered and stirred for 30min with 30g1°' Amberlite 
XK AD-2 (BDH) to adsorb the RCS-RF activity. After filtering 
under vacuum to remove the Krebs’ solution the Amberlte 
KAD-2 was washed with small volumes of distilled water, 
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Fig. 1 For bioassay of RCS-RF the effluent from unsensitised 
lungs was allowed to superfuse a rabbit aortic strip, a rat fundic 
strip, a rat colon and guinea pig trachea in cascade’. Sensitivity 
and selectivity of the tissues were increased by an infusion inte 
the lung effluent of “combined antagonists’ to prevent the actions 
of histamine, acetylcholine, catecholamines and 5-hydroxy- 
tryptamine as well as indomethacin (I ue mic?) to prevent 
endogenous synthesis of prostaglandins by the tissues*. SRS-A- 
like activity of samples was estimated using the isolated guinea 
pig ileum? preparation, hyoscine hydrobromide (10-7 g mic") 
and, where appropriate, mepyramine maleate G07 g mi} 
was added to the organ bath to prevent spontaneous activity and 
render the preparation insensitive to histamine’. PP, Pulmonary 
artery perfusion pressure: RA, rabbit aortic strip; KSS, rat 


(fundic) stomach strip; RC, rat colon; GPT, guinea pig trachea; 
pulomonary artery; AA, arachidonic acid. — 










OT, injection directly over the tissues; TL, ine 
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Extraction procedure 


None. Original effluent lyophilised* 
Amberlite XAD-2 extraction 
Diethyl ether extraction 

Paper chromatography 


Table 1 Partial purification of RCS-RF 
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Weight of RCS-RF-like Yield Specific Purification 
sample activity n activity factor 
(Total units) (U mg) 

6.64 g 3,534.23 100 0.53 0 
245.6 mg 1,473.77 41.70 6.06 11.43 
236.9 mg 1,208.71 34,20 5.10 9.62 

0.22 mg 692.12 19.58 3,146.00 5,935.84 


The extraction efficiencies vary from experiment to experiment and the figures quoted in this table should only be regarded as a guide. 


*Starting material was 570 ml effluent. 


and the RCS-RF recovered from the resin with 40-50% 
yields (see Table 1) by washing with 1.5] ethanol-water 
(80:20, v/v). The ethanol—-water extract was evaporated 
in vacuo in a rotary film evaporator, and the dried residue 
was washed three times with dry diethyl ether to remove 
lipids (thin-layer chromatography of the ether washings 
revealed substantial quantities of fatty acids, prostaglandins 
and some phosphatides). After ether washing the residue 
was dissolved in a small aliquot of distilled water: this 
preparation, referred to as the “crude fraction”, possesses 
potent RCS-RF activity and is stable for at least 6 weeks 
when kept frozen. 

For further purification, the crude fraction was streaked 
on to a silica gel-impregnated paper chromatogram (What- 
man SG81) which was developed by ascending chromato- 
graphy in ammonia~n-propanol—water (30:60:10, v/v). 
After developing to a distance of 20cm, the chromatogram 
was removed, dried and cut into Il-cm horizontal sections. 
There were eluted with small volumes of distilled water and 
the biological activity assayed. 

About 80% of the RCS-RF activity was associated with 
a single band of R;0.7 (see Fig. 2). A small amount of 
RCS-RF activity was also recovered from a zone running 
ahead of the major peak and sometimes small amounts 
were detected close to the origin (see Fig. 2). In addition to 
the RCS-RF activity, there were several zones containing 
activity which contracted the guinea pig ileum, indicating 
SRS-A like activity. One of these corresponded to the bulk 
of the RCS-RF activity, and others to the minor RCS-RF 
zones. We regarded the major zone of releasing activity as 
“RCS-RF” and referred to this fraction as the “partially 
purified” fraction. The biological activity of the partially 
purified fraction is shown in Fig. 1. Partially purified RCS- 
RF has no “direct? effect over the smooth muscle organs 
but when injected into isolated perfused lungs from guinea 
pigs it provoked an immediate increase in perfusion pres- 
sure, a bronchoconstriction (not shown), and a release of 
RCS: prostaglandins E- or F,, were seldom detected. 

The partially purified fraction was stable for several weeks 
when kept frozen. The releasing activity of RCS-RF was 
potentiated three- to fivefold by concomitant injections of 
1042 of an inhibitor of carboxydipeptidase activity 
BPP-SA (ref. 6). We defined “1 unit’ (U) of RCS-RF as 
that amount which when injected into the lung released the 
same amount of RCS-activity (TXA:) as | ug of arachidonic 
acid. 


Physicochemical properties 

RCS-RF is insoluble in ether, chloroform, ethyl acetate, 
acetone and ethanol but is more soluble in methanol (about 
70% of its water solubility). It is destroyed by drastic pH 
changes, being more susceptible to acid rather than alka- 
line pH values. For example, a l-h incubation with 1 N HC] 
completely inactivated RCS-RF but a l-h incubation with 
10 N NaOH still left about 20% of the activity. RCS-RF 
loses 75% activity after boiling for 10 min, but was un- 
affected by boiling for 1 min. Passage through a dialysis 


membrane suggests a small molecule of <5,000 molecular 
weight. 

The activity of RCS-RF is not reduced by incubation with 
phospholipase A, C or D (Sigma) (100 ng enzyme per ml) 
but was reduced slightly (~15‘%,) by incubation with trypsin 
(Sigma) (500 xg enzyme per ml). In two out of four experi- 
ments, incubation with arylsulphatase (Sigma) (S00 ug mi’) 
produced 50-60%, inactivation; SRS-A is also inactivated 
by this enzyme. Incubation with carboxypeptidase B 
(Sigma) (500 ug enzyme per mi for 1h at 37 °C) or amino- 
peptidase M (Sigma) (100 ug enzyme per ml for 1 h at 37 °C) 
resulted in an 80-85%, or complete inactivation (respec- 
tively), strongly suggesting that RCS-RF is a peptide. When 
a freshly developed paper chromatogram was sprayed with 
ninhydrin reagent, which reacts with a-amino acyl groups 
of amino acids, the zone containing RCS-RF was only one 
of several ninhydrin-positive areas. RCS-RF was not found 
in the perfusate of non-sensitised lungs challenged with 
antigen and, unlike RCS, was not released by mechanical 
trauma. The limited physicochemical data obtained so far 
are compatible with RCS-RF being a peptide of less than 
10 amino acids. 


Effects of inhibitors 

The release from sensitised lungs of RCS-RF by antigen 
was not prevented by aspirin (200 ug ml’), in the perfusing 
fluid, indomethacin (2 ug m°), dexamethasone (2 ug ml”), 
disodium cromoglycate (20 ug mI”), colchicine (5 wg ml”), 
diethyl carbamazine (I mg ml’), or mepacrine (20 pg mi~’). 
Aspirin, indomethacin, mepacrine and dexamethasone (same 
concentrations) all blocked the release of TXA, from the 


Fig. 2 Biologically active material recovered from the paper 

chromatogram. Top panel RCS-RF-like activity assayed as 

shown in Fig. 1; bottom panel SRS-A-like activity, assayed 
as described in Fig. 1. 
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Table 2 ID; Values for some anti-inflammatory steroids 
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Inhibition (°4) of _ Relative 
Steroid ID 5 arachidonic acid Relative (molar) anti-inflammatory 

(nmol min ~+) at IDso potency potency” 
Dexamethasone 34.4 — 0.3 35.1 25.0 
Betamethasone 36.5 — 7.3 33.1 25,0 
Triamcinolone 106.1 + 31.1 11.4 om S50 
Fludrocortisone 133.0 — 21.9 9.1 {0.0 
Prednisolone 177.1 —~ 0.1 6.8 4.0 
Prednisone 185.8 — 23 6.5 4.0 
Corticosterone 968.9 ~~ 32.84 1.3 0.35 
Cortisone 1,206.8 -+ 9.12 1.0 0.8 
Hydrocortisone (cortisol) 1,207.0 — 11.9 1.0 1.0 


ana 

The following drugs were used: dexamethasone sodium phosphate (Decadron, Merck Sharp and Dohme) or dexamethasone (Sigma); 
betamethasone (Betsolan, Glaxo); triamcinolone acetonide (Kenalog, Squibb); fludrocortisone (Sigma); prednisolone acetate (Deltastab, 
Boots); prednisone (Koch-Light); corticosterone (Sigma); cortisone (Sigma); and hydrocortisone sodium succinate (Efcortelan, Glaxo). AL 
steroids were infused for 15 min, and the amounts indicated are calculated as the base. Apart from the soluble esters, steroids were dissolved in 


ethanol and diluted 9:1 (v/v) with 0.9°% saline. Each result is the mean of three or four observations. 


*Data taken from ref. 8. 


lung provoked by RCS-RF. All these substances except 
dexamethasone also prevented the conversion of exogenous 
arachidonic acid into TXA, confirming that they act by a 
direct block of cyclo-oxygenase*. Dexamethasone, how- 
ever, blocked the release of TXA; by RCS-RF without 
affecting the conversion: of exogenous arachidonic acid to 
TXA. implying a different site of action. We therefore 
examined the effects of other steroids in this system. Table 
2 shows that all the steroids tested blocked the releasing 
activity of RCS-RF. Furthermore, their relative activity in 
this test closely paralleled their reported anti-inflammatory 
activity. The steroids had variable but generally only small 


Mechanism of action and 
site of steroid blockade 


Infusion of arachidonic acid into perfused guinea pig lungs 
leads to an immediate synthesis of TXA; suggesting that 
substrate availability is a rate-limiting step in this system. 
RCS-RF may, therefore, act by liberating arachidonate 
from some intracellular pool, and steroids could be pre- 
venting this effect. To test this possibility, we perfused 
isolated lungs with Krebs’ solution containing 5,8,11,14-eico- 
satetraynoic acid (TYA)—an acetylenic analogue of arachi- 
donate—at 10 ag ml. This prevented metabolism of any 





Table 3 Release of arachidonate from lungs by RCS-RF 





tuetaan hita AE Sern MY NAA 


Sample Arachidonic acid efflux from lung (ug) 

Experiment Steroid Dose collection Basal RCS-RF RCS-RF RCS-RF Net release 
(nmol min=!) period (min) RCS-RF injected alone + steroid alone by RCS-RF 

I None = 7 5 U (Crude) 0.15 0.22 — ve 0.07 

2 None — 7 5 U (Partially purified) 0.18 0,24 — me 0.06 

3 None os 7 5 U (Partially purified) 0.26 0.31 m ama 0.05 

4 Betamethasone 178.3 5 8 U (Crude) 1.13 5.99 0.78 — 4 86 

5 Dexamethasone 178.3 7 8 U (Crude) 0.38 1.63 0.43 1.24 1.35 

6 Fludrocortisone ya 7 4.5 U (Purified) 0.78 1.16 0.65 0.78 0.38 

7 Hydrocortisone 5,517.2 7 4.5 U (Partially purified) _ 1.56 0.52 1.92 mt Qi 





Lung effluent was collected for 5-7 min following an injection of RCS-RF either in the presence or absence of blocking doses of steroids. 
The pH of the effluent was adjusted to 3.0 with 1 N HCl and the arachidonate extracted with ether, a small amount of |-"C-arachidenate was 
added as a tracer. After concentration of the sample in vacuo the fatty acids were methylated with diazomethane and separated on thin-layer 
chromatography silica gel plates impregnated with 10°, AgNO, (Uniplates, Anachem) by development in a-hexane, diethyl ether, acetic acid 
(50:50:1 v/v). The methyl arachidonate zone was located with a radiochromatogram scanner and eluted with ether, and the arachidonate content 
was estimated with a Pye Unicam series 104 gas chromatograph, using a 5-foot column packed with 10° DEGS on Gas-Chrom O. With an oven 
temperature of 195 °C methyl arachidonate was easily detected by the flame ionisation detector, having a retention time of about Sanin, The 
labelled arachidonic acid was used to correct for losses during sample manipulation. Large doses (5-10 U) of RCS-RF were used to ensure that 


easily detectable amounts could be liberated, and correspondingly higher doses of steroids were used to compensate for this. 


effects on the conversion of arachidonic acid to TXA», which 
were unrelated to their anti-RCS-RF activity. The release 
of TXA: by arachidonate, for example, was unaffected by 
dexamethasone, potentiated by triamcinolone and depressed 
by fludrocortisine. These effects could be related to the 
vehicle in which the steroid was dissolved: for ethanol (used 
to dissolve some of the steroids) in concentrations greater 
than 10] ml’ depressed the release of TXA; by arachi- 
donate. 

There were two other notable features concerning the 
block of TX A. release by anti-inflammatory steroids; first, 
a maximal effect was obtained only after infusing each 
steroid for 10-20 min. Second, the inhibition produced by 
steroids was easily overcome by increasing the amount of 
RCS-RF. Thus, the IDs of a steroid will depend on the 
concentration of the agonist. 


released arachidonate by the lung, TYA being an inhibitor 
of both the cyclo-oxygenase and lipoxygenase pathways of 
arachidonate metabolism*’''’. Table 3 shows that both 
“partially” purified and “crude” RCS-RF liberated arachi- 
donate from lungs and that this release was blocked whe 
any of the steroids was present. Thirty minutes after 
stopping the steroid infusion, arachidonate release by RCS- 
RF returned, indicating that the effects of the steroids in 
this system were relatively short lived and easily reversed. 
The actual amounts of arachidonate released from lungs 
varied greatly between experiments (see Table 3, experi- 
ments 4-7) but were relatively consistent in single lungs 
(experiments 1-3). Although the samples were collected 
for 5-7 min it should be realised that the evoked release 
of arachidonate usually takes place within | min giving an 
effect similar to a bolus injection of the substrate. Jt is 
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interesting to note that there is a continuous basal release 
of arachidonate from the isolated lungs. This was generally 
found to increase with time (experiments 1-3, Table 3). In 
one experiment (No. 4) at least, betamethasone actually 
lowered the stimulated release below basal levels. This 
observation correlates with an effect frequently observed 
during steroid infusion~—-a decline in tone of the bioassay 
organs, suggesting a decreased basal TXA; output. 

What is the source of the arachidonic acid liberated 
by RCS-RF? Although amounts of free arachidonic acid 
in many tissues are small (see ref. 11) considerable 
quantities are present in ester form in the neutral lipid or 
phosphatide fractions. Several observations (see ref. 11) 
indicate that phospholipids are the chief source of arachi- 
donate in cells, so that the phospholipase enzyme system 
may be stimulated in some way by RCS-RF. Some evidence 
for this possibility has already been obtained in this 
laboratory (G. J. Blackwell, R.J.F. and F.P.N., unpub- 
lished). Specifically labelled (2’-(1-“C)-oleoyl) lecithin is 
partially (~ 1-3%) hydrolysed when perfused through the 
isolated lung——presumably by a phospholipase A». The rate 
of hvdrolysis is doubled when concomitant injections of 
5 U RCS-RF were given, and decreased when infusions of 
dexamethasone or betamethasone (178.8 nmol min”) were 
made. Phospholipase A, activity in guinea pig lung homo- 
genates, however, was not affected by the anti-inflammatory 
steroids, suggesting that these drugs only have a blocking 
action in intact cells. 


RCS-RF and anaphylaxis 


We do not know whether RCS-RF formation and release 
contributes to anaphylaxis in guinea pigs. It does not seem 
to have any intrinsic smooth muscle activity in the doses 
we used here. Our finding that it cannot be recovered 
from the lungs of unsensitised animals or from unchallenged 
sensitised lungs would suggest that it is not stored in the 
lung, but is elaborated in response to the immunological 
stimulus. Thus, if it does have a role in anaphylaxis it 
could be among those substances classified as “primary 
mediators” by Austen and Orange”. If it is a peptide, 
RCS-RF cannot be the SRS-A of Orange et al’, a con- 
clusion reached earlier by Piper and Vane’ on the basis of 
biological evidence. Although there seem to be similarities 
between SRS-A and RCS-RF, any formal relationship 
between the two compounds (as suggested by the aryl- 
sulphatase inactivation experiment) awaits further clarifi- 
cation, 
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Of great interest is the finding that anti-inflammatory 
steroids block the RCS-RF induced release of thromboxane. 
Even though they do not inhibit the cyclo-oxygenase™ 
there has been increasing evidence that one steroid (hydro- 
cortisone) interferes in some way with prostaglandin bio- 
synthesis in several other systems" 7., The mechanism 
proposed by Lewis and Piper’ to account for hydro- 
cortisone action, that of an inhibition of a cellular trans- 
port mechanism, does not operate here since arachidonate 
consistently reversed the steroid block. Instead, our results 
point to a mechanism of action much earlier in the bio- 
synthetic pathway-~the inhibition of substrate liberation 
from intracellular stores. A similar hypothesis has already 
been advanced by Gryglewski and his colleagues. This 
store is probably the phosphatide fraction of the cell, and 
the enzyme responsible for liberation of the acid, the cell 
membrane phospholipase A». Bradykinin is another pep- 
tide which releases RCS from the lung™ and, like RCS-RF, 
its activity is potentiated by BPP-5A. We find, however, 
that only RCS-RF activity is steroid sensitive, implying that 
it activates a very selective enyzymatic step. 

The order of potency of the steroids in inhibiting 
RCS-RF activity is striking similar to the order of anti- 
inflammatory potency, and the possibility that inhibition 
of substrate release is a general method by which anti- 
inflammatory steroids can interfere with the synthesis of 
prostaglandin (or other arachidonate metabolites) must be 
considered. 
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Cosmic rays near the galactic centre 

THE galactic centre (GC) is characterised by objects of high 
activity: there are powerful sources of infrared radiation, radio 
waves and X rays, and evidence for a small region {~ 1 pc) of 
extremely high luminosity (~ 10°Le). The presence of a ring of 
gas (very largely molecular hydrogen)! at a distance of ~ 300 pc 
from the GC also indicates violent activity. It is reasonable to 
assume that there is also an increased cosmic-ray intensity at 
least for energies < 10GeV. The presence of protons and 
electrons having such energies together with high gas densities 
and high starlight intensities provides the ingredients for signi- 
ficant y-ray fluxes. Here we examine the implications of recent 
measurements of the y-ray flux from the region of the GC, with 
particular reference to the 300-pc ring. 


The most comprehensive y-ray data so far obtained are those 
from the SAS-II satellite (see ref. 2). The earlier data did not 
give strong evidence for a peak at /'!' ~ 0° but a very recent 
reanalysis by Fichtel et al.” shows a rather impressive peak (see 
Fig. 1) which offers the possibility of deriving the cosmic-ray 
intensity in the GC region. It should be remarked, however, 
that the only other precise cosmic y-ray experiment, that on 
the COS B satellite’, does not show a peak near f} = O°. The 
analysis so far is described as “preliminary”, however, and we 
are of the view that the peak is still very probably genuine. 

Although the SAS- peak looks rather broad (FWHM ~ 6°) 
most of this is instrumental and it seems that the bulk of the 
radiation is coming from within about +2° of the GC. The 
distribution thus seems to be both narrower and of higher 
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No. of y rays >100 MeV (1075 cm=?'s~ trad- !) 


25 20 15 10 5 
I" (degrees) 


350 340 


1 The flux of y rays above 100 MeV for longitudes close to 

GC, from Fichtel et a/.?. e è e, Estimate of the contribution 

for R > 350 pc, where we assume that the cosmic-ray intensity is ' 
portional to the mean surface gas density. a, Contribution 

Forcclectngua by was of the inverse Compton ect assuming i 
constant electron flux throughout the Galaxy’. 


intensity than ‘estimated for inverse Compton interactions by 
Dodds et al.§ (see Fig. 1) for the case of an electron intensity 
near the GC similar to that locally (and with a full width for the 
electron distribution of 500 pc). There is thus evidence for an 
increase in the cosmic-ray intensity near the GC. 

The original SAS-IT data have been analysed by many authors 
and it has been shown that there is almost certainly a gradient 


of 1-10-GeV cosmic-ray protons in the Galaxy. Our view is that > 


the firmest evidence comes from the analysis of measurements 
towards the galactic anticentre* but the most reasonable inter- 
pretation of y rays from the inner Galaxy is that there is a 
gradient there too, with the cosmic-ray intensity roughly 
following the average surface gas density’ and the surface 
density of supernova remnants and pulsars*® (at least for 
R 2 4kpce). Such a correlation would be expected if the cosmic- 
ray lifetime is roughly constant for R = 4 kpc, in which case 
the intensity will be proportional to the generation rate. 

Near the GC we might expect. the generation rate to be again 
roughly proportional to the gas density, and in what follows 
we examine whether this is the case. 

The SAS-IT data of Fig. 1 indicate a flux of y rays from 
within a few degrees of the GC of ~ 6.7x10— cm—" 871. This 
value has been derived using as a datum for non-ceatre flux the 
distribution shown dotted in Fig. 1;'in the calculation the 
contribution from the rest of the Galaxy followed from the 
assumption that the cosmic-ray intensity B Propra to 
mean surface gas density. ` 

Locally, the escape times for Jedi and poton are 
roughly equal and therefore the:e—p ratio is expected to be the 
same as at generation. In the GC region the lifetime against 
energy loss is about.the same. for electrons and protons (see 
later) and so we expect their intensities to be enhanced by the 
same factor (F) over their local values. The procedure is to 
aae or of y rays at tho Earth is 
reproduced. 

The first EEE E arises from the decay of ms produced 
by protons and heavier cosmic-ray nuclei interacting with the 
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interstellar matter at the GC. For the mass of gas and its distri- 
bution we use the measurements of Scoville and Solomon” 
which indicate that there is about 5x10’Mo of molecular 
hydrogen distributed within a radius of ~ 350 pc and a volume 
of = 10° pc?. Assuming that the cosmic-ray spectrum has the 
same spectral shape as that locally, the expected flux of y rays 
above. 100 MeV at the Earth is ~ 6.8x10-’Fcm~*s~™. Al- 
though there will -be a contribution from inverse Compton 
interactions of electrons in the starlight field, in the present 
model this will be outweighed by the yield from bremsstrahlung 
interactions. We assume that the lifetime for escape of the 
cosmic-ray nuclei from the ring is significantly greater than 10° 
yr, the lifetime against interaction. The protons will then be in 
equilibrium with the secondary electrons from n—p—e The 


‘electrons, too, are assumed to be absorbed before escaping from 


the ring, bremsstrahlung predominating (the mean lifetime is 
~ 2x10® yr at 1 GeV). Ramaty" has given the generation 
spectrum for electron secondaries and from this the secondary 
electron intensity has been derived. As an example, the derived 
intensity at 1 GeV is ~ 12% of that of primary protons in the 
ring. To this must be added ~ 3% for primary electrons giving 
a total electron intensity at 1 GeV in the ring of 15% of the 
proton intensity. « 

At electron energies of ~ 100 MeV ionisation losses 
predominate’ over. bremsstrehking and the y rays at 100 
MeV are mainly from x’ decay. This implies F ~ 10. 

A value for F (to be denoted F.) can also be calculated from 
normthermal radio observations of the GC if we assume that 
there is a coupling between the cosmic-ray energy density and 
that in the magnetic field. Measurements at 408 MHz (ref. 12) 
suggest a brightness temperature of 100K from the 300-pc 


, Molecular ring (~ 4x10“ sr) region, of which we estimate 


~ 25% to be thermal!*. Using a lifetime against bremsstrahlung 
of 2x 10 yr, the equilibrium electron intensity has been cal- 
culated. Equating the calculated synchrotron flux to observa- 
tions gives F., > 12. This is rather larger than the value of F 
calculated from the y-ray, flux but it is not inconsistent consi- 
dering uncertainties in the electron lifetime and the likely 
underestimate of the percentage of thermal radiation. 

The value F = 10 derived from the y-ray analysis can be used 
to derive the relative generation rates in the ring, where the 
lifetime is ~ 10 yr, and locally, where we assume that the 
lifetime by escape is ~ 2.5 10° yr. The ratio ring-to-local value 
is ~ 250; this can be compared with the ratio of gas densities, 
~ 200:1. The nearness of the results adds some weight to our 
original contention. 

We thank Drs T. M. Bania, J. L. Osborne, N. V. Scoville and 
A. W. Strong, Professors W. Butler Burton and P. M. Solomon, 
and Mr D. Dodds for discussions. Dr C. E. Fichtel and his 
colleagues kindly made available their new y-ray data. D. M. W. 
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The 35-d X-ray profile of Her X-1 


FOLLOWING the report from Ariel V (ref. 1) of substantial 
X-ray emission from Her X-1 midway through the extended 
low-state portion of its 35-d cycle, Jones and Forman? have 
reported a similar feature during another cycle, measured 
from Uhuru. They further suggest that this feature should 
occur regularly, consistent with models for the mass accretion 
disk which are inclined with respect to the binary orbital 
planet, We report here the results of the analysis of > 500d 
of Ariel V all-sky monitor (ASM) data, which support the 
view that the feature occurs regularly in the 35-d cycle. 

The Ariel V ASM is barely sensitive to Her X-1 under the 
most favourable of viewing constraints (see ref. 5 for a complete 
description of the apparatus). Its sensitivity for accumulation 
times > 0.5 d is no better than ~ 0.1 the intensity of the Crab 
Nebula (approximately the maximum intensity of Her X-1), 
so that considerations, such as occultation by the Earth, make 
the average sensitivity of the experiment even poorer. During 
the total duration of observation reported here (October 16, 
1974 through April 16, 1976), a total of 803 data accumulations 
of < 0.5 d, for which Her X-1 was not either outside or at the 
very edge of the experiment field-of-view, have been obtained, 
Only 24 of these allow intensity definition at the 2o level (corres- 
ponding to ~ 3o detection of a positive signal above back- 
ground). Of these 24 measurements, all but one were within 
the ‘on-time’ of the 35-d cycle, and a full 1/3 were obtained 
from a single cycle during which the viewing constraints were 
near-optimum. It is important to note that the same maximum 
source intensity produces, for average viewing conditions, 
a < 16 signal. 

We can, however, take advantage of the fact that we can 
differentiate between null statistical results under optimum 
viewing conditions (corresponding to a knowledge that the 
source was not at maximum intensity), and those at more un- 
favourable conditions (for which no such knowledge can be 
gleaned). All the data were, therefore, normalised to the same 
viewing constraints, with individual negative measurements of 


Fig. 1 Variance for 15-bin light curves as a function of trial 
period. The ordinate is normalised to the mean for trial periods 
32.0-33.0 d and 36.0-38.0 d. 
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the intensity relative to background initially defined to be zero. 
These 803 points, excluding measurements centred within 
7 per cent of the 1.7-d Her X-1 eclipse minimum, were then 
folded at various trial periods near 35 d. In Fig. 1, where we 
have plotted the total variance for a 15-bin light curve compared 
to the average value (essentially equivalent to a x? test against 
the hypothesis of a constant source intensity), the 35-d modula- 
tion of the normalised record is apparent. Figure 1 alone 
prescribes a period of 34.7+-0.3d (where the width of the 
variance peak is consistent with the overall sample duration), 


of the shape and phase of the on-state portion of the light 
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Fig. 2 34.9-d light curve of Her X-i in 15 bins. The ordinate 

is normalised to approximate Uhuru counts for comparison 

with other measurements. The epoch of the start of bin I is Jp 
2,442,442.0. 


curves obtained here with those of ref. 6 clearly favours a value 
of 34.9 4-0.1 d. 

The 34.9-d light curve is exhibited in Fig. 2, where the 
negative intensity measurements are now properly included 
in the folding procedure (allowing both consistent error esti- 
mates and a zero baseline intensity to be obtained). In addition 
to the characteristic reproduction of the on-state portion of the 
cycle (bins 1-5), bin 11 contains a > 30 excess relative to 
the surrounding off-state intensity. This feature does not arise 
primarily from the single off-state measurement of high 
statistical significance, as that datum contributes to bin 12. 
Jones and Forman have reported that the analagous feature 
they observed in Uhuru data near January 1, 1972 represented 
~ 30% of the maximum intensity, with a duration of ~ 15% 
of the 35-d cycle (between ọ = 0.45 and » = 0.6 relative to 
@ = 0 at maximum). The present data agree with the mag- 
nitude of the effect, but differ somewhat in phase and duration. 
In the Ariel V data, the feature is centred at ọ = 0.55+-0.05 
relative to maximum, with an apparent duration of <10° 
(at an intensity > 1/4 of maximum). The agreement in magni- 
tude of the present feature with that obtained from Uhuru, 
coupled with the fact that it is never statistically detectable in an 
individual measurement, strongly implies that it occurs regu- 
larly in every cycle at ~ 1/3 of maximum. 

Jones and Forman have attempted to refine model disk 
geometry parameters on the basis of the Uhuru data, but the 
present measurements are obviously too crude to revise sensibly 
their estimates. Clearly, a high-sensitivity measurement of this 
portion of the light curve is required, and our results would 
suggest that this experiment is possible during any Her X-I 
cycle. 
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Microwave spectral 
lines from interstellar dust 


SPECTRAL features at 3.07, 10, 20 and 33m have proved 
invaluable in the chemical characterisation of interstellar dust™?, 
As spectral observations are extended into the far infrared, it is 
likely that other features attributable to the absorption and 
emission of radiation by dust will be observed. To date there has 
been no discussion in the literature on the possibility of discrete 
spectral features attributable to dust at even longer wavelengths. 
The purpose of this note is to suggest that relatively sharp 
spectral lines may arise from neutral or ionised atomic species 
in interstellar dust at mm and cm wavelengths. The detection 
of these spectral features would provide definitive information 
on the chemical composition of interstellar dust. 


hyperfine transition of ground state H atoms. H atoms can be 
found in many different types of solid or on solid surfaces 
(Table 1) when these solids are subjected to nuclear irradiation. 
The F = 0-> F= | transition for H atoms in these systems 
occurs at the frequencies shown in Table 1. The list has been 
chosen as representative of solids of astrophysical interest, 
but it is by no means complete. It serves only to show that H 
atoms can be stabilised in many types of solid astrophysical 
interest. H atoms in these environments will absorb or emit 
radiation at frequencies within + ~ 30 MHz of 1,420 MHz. 
The width of the hyperfine line as measured in ESR experiments 
is typically 0.3-3.MHz. This width arises primarily through 
spin-lattice coupling® for temperatures < 50 K and would be 
smaller in an astrophysical environment where coupling to 
lattice acoustic phonons will be diminished, because of the small 
size of interstellar grains. This effect, which has been seent 
in laboratory ESR spectra of powders, arises because spin- 
lattice relaxation at low temperatures involves the creation 





Table 1 Frequency of H atom F = 0 - F = 1 hyperfine transition 
in various solids 


System v (MHz) Av(MHz} T(K) Ref. 
H in H, 1,417.11 l 4.2 7 
H in silica 1,409.1 1.4-2.8 78 8 
H in crystal quartz 1,453.140.1 < 0.3 78 8 
H on silica surface 1,409.3 < 3 77 9 
H on silica gel surface 1,411.5 77 10 
ase 1,417 ~ 3 77 
Hin H,O 1,400 x 20 4 11 
H on SiO, : Al,O, surface 1,416 x 3 12 
H on NH,Y and HY zeolites 1,400 ~ 9 13 
ask 1,406 ~ 3.5 
Hin CH, 1,412 ~4§ 42 14 
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and thus single-phanon spin-lattice relaxation would not 
important for H atoms in interstellar grains. Broadening due to 
spin-spin interactions, which is proportional to spin concen- 
tration®, could be important in larger particles but would not 
be expected to be significant in small particles containing only 
a few H atoms. We conclude that Av œ 0.3-3 MHz is likely 
to be an upper limit to the width of the 2!-cm line for H atoms 
trapped in interstellar grains. 


Table 2 Representative data on zero field transitions of Fe** and. 
Cr°* ions in various crystals — 


System v(GHz) AvMHz) Ref. 
Fe?t —SBQ* 7.1132 4-0.0002 16-20 is 
8.8125 +.0,0002 ae 
Fe?+--NAT 24.1575 +-0.0005 LiM i Oe AS 
35.365 +-0.002 
Fe?+t a ALO, 12.07 , 16 
19.13 
Fe?+ —TiO, 43.3 | 17 
81.3 
Fett — MgO 1.844 Calculated 
Fet — CaO 0.5846 Calculated 
Fe®+ —CaCoO, 6.550 4-0.4 18 
11.03 +0.18 
Cr?* — Al,O; 11.5 19 
Cr?t — TiO, 43,3 20 
Cr?t — MgAl.O, 29.7 21 


NNOO memset ASE ATTA HONORA NOLEN ETE AOE NST MPS 


*SBO, Synthetic brown quartz. 
FNA, Natural amethyst 


H atoms could be formed in interstellar grains through the 
action of cosmic rays or photons from the interstellar ultra- 
violet radiation field. Alternatively, H atoms from the ambient 
gas may collide with and stick to grains. To estimate the column 
density required to yield measurable absorption one can. use 
the relationship between nyk, the number of H atoms in grains 
per cm®, and the optical depth t, given by Kerr“, 


nul = 3.88 x 10" Dtr, Av 


where T, is the excitation temperature, and Av is the linewrdth 
in Hz. Taking T, = 10K as typical of the temperature of an 
interstellar grain, t, = 107°? and Av = 10° Hz, one has fyb =. 
3.9% 10!8%em-*. Then, nL, the column density of grains = 
3.9 x 10'8/n where n is the number of H atoms per grain. For 
a 1% concentration of H atoms in grains one obtains mi = 
10% cm~? independent of the choice of a when the usual mass 
ratio of gas to dust is used and the dust is assumed to consist = 
of a material with density ~ 2 gcm“? made up of the heavier . 
elements. Though column densities as great as. this. 
found in typical interstellar clouds, they may be foun 
protostar clouds or regions of strong infrared absorption ° 
emission’. | re 
Zero-field splitting’ of the ground state of many transi 
metal ions in solids occurs when the crystal field partia 
moves the M; degeneracy of states with J > 1/2. As an exe 
the ground state of Fe** is ‘S, in the free ion. In a 
with other than cubic symmetry, this state splits into 3.d 
degenerate levels with my = +: 1/2, + 3/2 and + 35/2. Ma 
dipole transitions with Am; = 0, + 1 are per 
these levels. Table 2 shows that these transitions 
frequency range between 6 and 80 GHz. In 
cubic symmetry (MgO, CaO) the ground state -c 
into only 2 levels, and in that case a single spect 
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served. Taking a spectral line at v = 100 GHz with Av = 10 
MHz as typical of these transitions one anise 


ApeL ~ 2« 108 TtyAv 


where 
T; = 10K, tq, = 107", and naL ~ 2x 104 /n 


where n is the number of Fe?+ fa per grain. The corresponding 
hydrogen column density is Nyl = 10%” cm~? when one assumes 
a Fe** concentration in dust of 1°. Our conclusion is that 
transitions between the zero-field levels of Fe?’ or other transi- 
tion metal tons tn interstellar dust may be observable in absorp- 
tion in typical interstellar dust clouds, 

Though we have emphasised the possibility of detecting 
absorption features attributable to dust in the mm and cm 
regions it may be more practical to search for emission features. 
Grains should be relatively transparent in this region, because 
of the absence of optical phonon modes at such low frequencies. 
This implies that most of the energy radiated by grains at mm 
and cm wavelengths will be radiated within these spectral lines. 
In view of the optical pumping of interstellar grains that occurs 
through absorption of short-wavelength photons from the 
interstellar radiation field, non-thermal emission at the 
frequencies of these discrete features is a distinct possibility. 
Microwave lines at 81.541 GHz and 43.122 GHz, attributed to 
emission from rotational levels of the SiO v = I state*®, are 
both within 0.2 GHz of the zero-field lines fiat Fe®*~TiO, 
(Table 2). 
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Force-free magnetic fields in the 
fluid interiors of neutron stars 


I sHow here that, in equilibrium, the magnetic field in the fluid 
interior of a neutron star satisfies the condition Bx Vx B = 0, 
which is the usual condition for a field to be force free’. The 
significance of this result is that it places a great theoretical 
restriction in the possible structure of such fields. Restrictions 
such as this are important because it is still very difficult to 
deduce anything from observation about the magnetic fields 
inside neutron stars. 

In the region of the star considered here, the density lies 
between approximately 2x 10$ gcm~* and a few times this 
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value. The material in that region is a fluid composed of 
neutrons, protons and electrons**. It is a simple matter to 
extend the proof to include the effects of muons and hyperons 
which may appear at higher densities’. Although calculations 
indicate that the neutrons are superfluid and the protons are 
superconducting at the temperatures expected inside neutron 
stars*'?, the proof of the force-free nature of the field does not 
depend on these assumptions. Newtonian gravitational theory 
is used here; the general relativistic proof is essentially 
similar. The proof may also be extended to rotating neutron 
stars by including centrifugal terms in the chemical potentials. 

The crucial part of the argument is that the dynamical 
B-equilibrium between the neutrons, protons and electrons 
requires that 


Met H p ™ Hy (1) 


where the us are chemical potentials. These potentials include 
rest mass energies, Fermi energies and gravitational potential 
energies per particle. The potentials also depend to a very 
slight degree on the magnetic field strength*t. The equilibrium 
of the neutrons implies that their chemical potential is constant 
throughout the region 


O= -Vun (2) 


This equation expresses the hydrostatic equilibrium of the 
neutrons. 

But —Vu. and —Vu, do not vanish in the presence of a 
magnetic field, unlike —V,, because both the electrons and 
protons experience Lorentz forces. If the electron and proton 
analogues to equation (2) are added together, the result is an 
equation expressing the magnetohydrostatic equilibrium of the 
electron—proton plasma 


soa Hin to . 
= —~Vipue-+pp)+—IxB (3) 
CH 


p 


In deriving the equation, which holds in the centre-of-mass 
frame of the plasma, charge neutrality (7, = Ap) has been used. 
It follows directly from equations (1), (2) and (3) that 


J<B=0 (4) 


where the conduction current density is denoted J. No distinc- 
tion 1s made here between the magnetic field H and the magnetic 
induction B because the magnetic permeability is effectively 
unity. At the densities considered here, the spacing between 
Landau levels is very much smaller than the Fermi energies 
(V. Canuto, unpublished). In addition, for a wide range of 
reasonable temperatures and field strengths, the spacing is 
smaller than, or comparable to, AT. As a result of these condi- 
tions the de Haas—van Alphen oscillations in the magnetic 
permeability can be neglected. 

Because of the previously noted slight dependence of the 
chemical potentials on the magnetic field strength, there is a 
small force on the plasma attributable to the magnetic field. 
But for the reasons mentioned with regard to the magnetic 
permeability, this force is relatively insignificant (ref. 4, and LE., 
unpublished). 

It follows from equation (4) that B satisfies 


Bx Vx B = (5) 


which is known as the ‘force-free’ condition’. 

It should be noted that this condition on B is true in spite of a 
small force on the plasma, resulting from the field. The reason 
the magnetic fields in many other astrophysical plasmas are 
believed to be force free or nearly so is the smallness of the 
plasma pressure compared to the magnetic pressure’; the 


‘8 
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reason for the force-free nature of the field in the neutron star 
fluid interior is entirely different. The essential point here is 
that in B-equilibrium, the electrons and protons ‘communicate’ 
with each other through the neutrons, causing -- V(u.-+ Hp) to 
vanish, in turn causing J x B to vanish. Furthermore, since the 
standard stability analyses of force-free fields do not take 
rotation into account', they are not applicable to many neutron 
stars, in which rotation may profoundly affect the interior 
plasma dynamics (refs 5 and 6, and LE., unpublished). 

As one simple example of the theoretical use to which equa- 
tion (5) can be put, note that it can eliminate from consideration 
any non-singular, purely toroidal field, such as that used by 
Vandakurov’. 
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A rare event in the stratosphere 


PERTINENT to the question of the existence of haze and 
water vapour in the stratosphere’’ was the detection of a 
nacreous cloud at 25km over New Mexico on June 20, 
1974. This occurred just before the volcanic dust incursion 
from Fuego in November, 1974 (ref. 3), during a high 
altitude balloon experiment in which a large polar nephelo- 
meter was used to measure the optical angular-scattering 
characteristics of atmospheric aerosols". 

The balloon launch was made at 0748 msr from Hollo- 
man AFB, New Mexico (32°N, 107° W) into a very clear 
sky. The nephelometer reached an altitude of 26.6km and 
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Fig. 1 The 15° volume 

scattering function against 

altitude at a wavelength of 
475 um. 
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payload ground-impact was 7h later near Silver City, New — 
Mexico, 210 km W of the launch site. Easterly winds of - zw 
20 knots carried the experimental package on a trajectory. 
perpendicular to the San Andres mountain range. The 
minimum ambient of —75 °C was reached at 16.8 km, and 
the balloon was still ascending when the very strong signal 
was encountered on the lee side of the mountains, The 
intense signals continued to the apogee of the flight. 
26.6km without diminution, thereby implying a great 
vertical extent for the increased aerosol particle concentra- 
tions. The balloon was allowed to float at this maximum 
altitude for 15 min, evidently immersed in the cloud. More- 
over, the signals continued for a period of 50 min, during 
which time the balloon had travelled nearly 50km with 
respect to the ground, thus making the latter distance the 
minimum horizontal extent of the cloud. On the descent 
of the balloon, the scattering ceased as dramatically as it 
had developed on ascent. 

Figure 1 shows a typical altitude profile of the volume 
scattering function (the absolute intensity) measured at a 
scattering angle of 15° and spectral wavelength of 0.475 xm. 
Four other photometers, at angles of 30°, 50°, 100° and 
150° gave a similar intensity. enhancement, although pre- 
portionately reduced by the characteristic forward trend of 
scattering from large particles. The high intensity at ground 
level (1.29 km above sea level) is caused by exhaust smoke 
from the balloon launch crane, while: that from 3-7km 
results from increased amounts of aerosol particles in the 
convective mixing layer. The stratospheric haze is graphic- 
ally illustrated by the large variations in intensity as a 
result of altitudinal inhomogeneity in the particle concentra- 
tion. The payload also apparently descended through a 
Cirrus cloud at ~ 10.6km. 

The unusual occurrence of a large haze cloud at 24 km-— 
though it was not evident from the ground-—was fortuitous, 
and is rarely observed in summer at mid-latitudes, Stanford 
and Davis’ have made a review of stratospheric cloud 
reports for the period 1870-1972, and of some 183 sightings 
only 3 were reported in the USA. Of these three, two 
events occurred near the San Andres mountains and the 
remaining one in northern Arizona. This suggests that the 
mountains of New Mexico may cause the development. of 
stratospheric clouds; however, their visual observation is 
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difficult because of their high altitude and tenuous structure. 
Nonetheless, the rarity of sightings may result in part 
simply from a lack of observation facilities (or an observer) 
rather than infrequency of occurrence of such events, 

Finally, this cloud provides experimental evidence relevant 
to Scorer’s’ suggestion, that, even in the absence of volcanic 
dust, air-~mass interchange mechanisms across the tropo- 
pause can result in extensive haze formations at high 
altitudes. Moreover, observations made in situ logically pro- 
vide more reliable information on the stratospheric optical 
environment, since atmospheric dynamics in the troposphere 
not only produce sundry effects in the stratosphere but com- 
plicate, in particular, remote measurements, since scat- 
tering properties along the ground-to-stratosphere light 
transmission path must be considered. 
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Gas phase chemical kinetics of 
sodium in the upper atmosphere 


THE existence of a layer of atomic sodium in the upper atmos- 
phere near 90 km has been clearly demonstrated by analyses 
of daytime and twilight airglow emissions of D-line radiation 
at 5,890 and 5,896 A (refs 1 and 2) as well as by direct laser 
backscatter measurements (see, for example ref. 3). Following 
Chapman‘ chemical reactions involving atomic sodium and 
atmospheric oxygen species have been invoked to explain the 
chemical dynamics of the sodium layer and the nightglow 
emission of D-line radiation. In addition, Chapman has also 
proposed that similar reactions involving newly ablated sodium 
are responsible for the occurrence of long enduring visible 
meteor trails. Unfortunately, previous quantitative attempts 
to model sodium-induced upper atmospheric chemi- 
luminescence have suffered from rather poor estimates of the 
appropriate reaction rate constants. Here we provide more 
reasonable estimates of rate constants and show how these 
new kinetics parameters can dramatically alter calculations of 
chemiluminescent efficiency. 
The sodium—oxygen atmospheric reaction sequence is: 


k 
Na+Op—* NaO+O, (1) 


he Na (P)+-O, (2a) 
NaO +O -| (1k : 
Na CS)+0, (2b) 


ka | 
ie Nas 20, (3a) 
Nao + © eas kop 
[ke Na--20, (3b) 


Na+ Opt Mane NaO, +M (4) 
Na! O}M = NaO+M (5) 
NaO, +0 = NaO+0, (6) 
Na(*P) > Na (?S)+hv (Dy, D) (7) 


where all species are in their electronic ground states unless 
otherwise noted. The combination of reactions 1, 2a and 7 in 
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Table 1 lonisation data for sodium and oxygen species 


Species IP (eV) EA (eV) Reference 
Na 5.14 19 
NaO 6.5 12 
O, 1.99 20 
O 1.46 2i 





the presence of O and O, in the upper atmosphere form a 
chemiluminescent chain and may explain both sodium night- 
glow and meteor trail emissions. Reaction 7 is sufficiently fast 
(kr = l/Taa = 6.310% $~!) that all Na (?P) created in 
reaction 2a radiates before quenching at upper atmospheric 
densities. Recent observations of the nightglow D-line profiles 
are consistent with this sodium oxide chemiluminescent cycle’:®. 

Several recent attempts to model sodium-oxygen chemistry 
in the upper atmospheric sodium layer'*® and in 
meteor trail wakes!’ quantitatively have been published. These 
efforts have been severely hampered by the fact that experimental 
rate constants are only available for reactions 5 and 7. To over- 
come this handicap, most authors have adopted experimental 





Table 2 Calculated reactive cross sections, rate constants and 
exothermicities for sodium-oxygen reactions 


Reaction Op(cm?) kaícm? s™) AHR? (kcalorie 
mol ~?) 

I 6.5 x 10745 3.3K 107 o o 34.8 -+4 

2 2.6 x 107" 1.6 x107" a -— 9244 

b — 57.744 

3 3,2 x 10-1 1.4 x 1070 a — 97.247 

b —150.2 -+7 





rate constants for reactions of either atomic H or N and OH 
or NO in place of atomic Na and NaO. Values of the order 
of 107-1071? cm® s~? for k, and 107" cm? s™ for Kiato») 
are typical in these studies. 

Unfortunately, these rate constant estimates are very likely 
to be substantially low. Exothermic bimolecular processes, 
like reaction (1) between low ionisation potential species such 
as alkali atoms and electrophilic molecules such as O, are 
known to occur by an electron jump mechanism". Since the 
measured ionisation potential of NaO is only 6.5+-0.7 eV 
(ref. 12), it is quite likely that reactions (2) and (3) proceed by 
electron jump mechanisms as well. 

Relatively accurate reactive cross sections for exothermic 
electron jump reactions can be calculated by determining the 
radius at which the Coulombic attraction of the ion pair 
formed by the electron jump, equals the energy deficit between 
the ionisation potential of the metal containing reactant, IP, 
and the electron affinity of the electrophilic reactant, EA 


The calculated reactive cross section is merely':1% 
Og = tr,” (9) 


Using the thermochemical parameters shown in Table 1, 
equations (8) and (9) can be used to estimate overall reactive 
cross sections for reactions (1), (2) and (3). Rate constants for 
these reactions can also be estimated by multiplying the re- 
active cross sections by the most probable relative velocities 
for reactant pairs at typical upper atmospheric temperatures. 
Table 2 shows reactive cross sections and rate constants for 
an ambient temperature of 185 K calculated by the procedures 
outlined above. Table 2 also lists the exothermicities of reactions 
(1), (2) and (3) calculated using the Na~O bond strength of 
60.3 +4 kcalorie mol“! measured by Hildenbrand and Murad??, 
the Na—O, bond strength of 65 +3 kcalorie mol~' measured by 
McEwan and Phillips!* as well as O-O and O-O, bond strengths 


4 


h 
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of 118.0 and 25.5 kcalorie mol, respectively. Furthermore, 
the Na-O, Na-O, and O-O bond energies can be combined 
to yield an estimate of the NaO-O bond strength of 122.7+ 
7 kcalorie mol”. 

It should be noted that the rate constants for reactions (1) 
and (2), listed in Table 2 are significantly larger than the 
analogous rate constants for hydrogen or nitrogen species 
used in previous modelling efforts 2910, As an example of the 
impact these larger rate constants can have on an atmospheric 
modelling problem, the upper limit of Na D-line emissions 
from a ~ 30-g meteoroid with a velocity of 40 kms~* will be 
calculated below. Following Baggaley!® such a meteroid 4 
assumed to deposit a line density of atomic Na of 2 x 10° cm7 
Atmospheric abundances and common molecular ee 
coefficients, D, are also adopted from Baggaley’s work and are 
shown in Table 3. The values adopted for O and O, number 
densities are reasonably consistent with recently published 
measurements! ~?". 

The reaction scheme used in the calculation of meteor trail 
D-line luminosity consists of reactions (1), (2), Ga), (4), (5) 
and (7) listed above. Calculations were performed with the 
branching fraction, f, in reaction 2 set equal to 1 to yield an 
upper limit to the D-line emission. Reaction (6) is deleted since 
the bond values listed above indicate that it is close to thermo- 
neutral and is probably slow at mesopheric temperatures. 
The exclusion of reaction 6 makes NaO, a chain-terminating 
species in night-time conditions. Only the ‘a’ channel of re- 
action (3) was considered. Inclusion of (3b) would have hindered 
NaO, formation and yielded a higher photon production term. 

‘The rate constants for reactions (1), (2) and (3) were used as 
calculated and listed in Table 2. The rate for reaction (4) has 
been measured by Carabetta and Kaskan'® in flame studies 
and was found to equal 8.2 x 107% cm! s~! between 1,420 and 
1,600 K, independent of temperature. This rate was adopted for 
both three-body processes (4) and (5). Reaction (7) is essentially 
instantaneous. on the time scale of mesopheric collisions. 

The set of equations describing the interaction of meteor 
deposited Na with the atmospheric oxygen species may be 
written 


[Na] = Dy? [Na] —k, [Na] [0,]+, [NaO] [O] 
~ ka [Na] [O:] [M] —ks [Na] [O] [M] 


i 


z [NaO] = Dy * [NaO]+k, [Na] [03] -ka [NaO] [O] 


= k3 [NaO] [0,] +4, [Na] [O] [M] 
È [Na0;] = Dy* [Na0;]+ k; [NaO] [05] 
+ k [Na] [O;] [M] 


á Pg 
a [O5] = Dy? [O53] —k, [Na] [03] —k, [NaO] [O03] 


P | . 
q [0] = Dy? [O] —k, [NaO] [O] —k, [Na] [O] [M] 

I = f£k, [NaO] [O] photons s~ cm™ 

where y? is the Laplacian operator in cylindrical coordinates. 


Reaction with meteor-produced atomic oxygen is not included 
in this model since Baggaley’s treatment indicated that this 


| Table 3 Atmospheric model for meteor trail calculations 


Species number densities (cm ~*) 


Diffusion 
Altitude coefficient, 
(km) Diem’s) O, O O, M (Total) 
90 1.0 x 10 3x108 3x10" 13x10" 0.63 x 10% 
85 4.2 x 104 8x 108 Fxid!® 3.2«103 3,52 « IO 
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Fig. 1 Maximum D-line photon emission rates at 85 and 90 km. 


effect does not persist past the first 10 8. An initial meteor 
train radius of 100 cm was assumed. . 

Solution of the set of equations listed above was performed 
using a modified Crank~Nicholson finite difference approach. 
Solutions of Jm, the maximum photoemissions (f= 1), for 
both the 85- and 90-km cases are shown in Fig. 1. The maximum 
photon emissions found in this study are 4.6 10" and 7.5. 
10" photons s~ cm~ at 90 and 85 km, respectively. These 
compare with peak values of 8 x 10° and 3x 10" calculated by 
Baggaley using a k, of 107 and a k of 10°" cm” 3“. The 
slow decay of photon intensity after 100s seen in the 85-km 
solution is caused by chain-terminating formation of NaQ, 
due to the deletion of reaction 6. 

The large increases (> 10°) in calculated maximum D-line 
photon emissions due to the use of more realistic sodium- 
oxygen reaction rates are clearly important in determining if 
Chapman’s proposed mechanism® can be responsible for long 
lived visible meteor trails at high altitudes. Although no 
definitive statement can be made without a firm knowledge of Í 
the branching fraction for excited sodium production in 
reaction (2), the results shown in Fig. 1 clearly lend more 
support to Chapman’s proposal than Baggaley’s recently 
published calculation. 

Some feeling for the magnitude of f can be obtained by 
comparing observed nightglow emissions with those predicted 
by reactions 1~7 using our rate constant estimates. Quantitative 
precision is difficult because of the wide variations observed 
in both ambient Na densities and D-line nightglow den- 
sities®®7; however, a value of f between 107 and 107* would 
seem necessary to match observed nightglow intensities. 

It should be noted that the rate constants calculated in this 
work indicate that sodium is an extremely efficient catalytic 
destroyer of odd oxygen, (O+-O,), at the atmospheric altitudes 
considered. This efficiency may extend to lower altitudes 
depending on the magnitude of k,, the photodissociation cross 
section for NaO., and the rate of heterogeneous removal of 
sodium oxides. 

We thank E. Tomaszewski for computational aid and =- 
M. Camac, M. B. McElroy, and D. R. Herschbach for dis- R 
cussions. 
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Late Weichselian geomagnetic 
‘reversal’ as a possible example 
of the reinforcement syndrome 


A LATE Weichselian geomagnetic reversal has been reported!:? 
from Sweden. Mörner and Lanser? believed the Swedish 
reversed palaeomagnetic record to be a “real dipole magnetic 
reversal of greatest significance for global correlations” and to 
have been established and well dated in Canada, the North 
Atlantic and New Zealand and tentatively recognised in 
Czechoslovakia, the Northern Pacific, the Gulf of Mexico, 
Japan and France. Noël has described further palaeomagnetic 
results from two Swedish varved-clay cores as accurately tracing 
the annual behaviour of the geomagnetic event and delimiting 
its Initiation and termination. Recognition of the event in lavas 
and deep sea, continental shelf, varved-clay and lake sediments 
has been cited as confirming the reality of the event. That 
previous research, particularly in Sweden, has concentrated on 
palaeomagnetic measurements at numerous, different late 
Weichselian localities. Because of the difficulties in correlating 
between localities, interpreting palaeomagnetic records in 
coarse grained sediments and deciphering coring and sedi- 
mentological complexities in single cores, we have instead 
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studied one carefully selected site in detail. We have come to the 
conclusion that Swedish late Weichselian palaeomagnetic data 
do not record a reversal or excursion of the geomagnetic field, 
but demonstrate that the Swedish geomagnetic field has been of 
normal polarity since 13,000 yr Bp. The Swedish late Weich- 
selian reversal had thus become an example of Watkins’® 
“reinforcement syndrome”. 

We have analysed 408 subsamples from two main cores 
collected at BjGrkerdds Mosse on Mt Kullen in north-western 
Scania in southern Sweden (56.2°N, 12.6°E). Bjérkeréds 
Mosse was chosen because it lies in the area considered to be 
the earliest ice-free part of Sweden®: its stratigraphy, vegeta- 
tional and soil developments have been studied in detail’; it 
had a high rate of deposition of organic sediments; and its 
chronology is well known from both pollen and radiocarbon 
dating’. The sediments from BjérkerGds Mosse span the 
supposed age of the late Weichselian geomagnetic reversal of 
12,400 or 12,100 yr Bp. Ten sections of ‘D’-shaped core, each 
Im in length, were obtained using a Jowsey sampler®. The 
natural remanent magnetisation (NRM) of the 408 subsamples 
was measured on a ‘Digico’ magnetometer’. Twenty-two pilot 
samples were partially a.c. demagnetised stepwise in increasing 
peak fields. A peak alternating field of 100 oersted was selected 
to eliminate viscous components. The remaining 386 sub- 
samples were cleaned at this field strength. NRM, cleaned 
declination and inclination, cleaned intensity, and low field 
reversible susceptibility of core HI (1975) are shown in Fig. 1. 

We interpret the palaeomagnetic directions as follows. In 
general, the geomagnetic field close to the time of deposition is 
recorded by the palaeomagnetic remanence. At a few litho- 
logically distinct horizons, however, the magnetic remanence 
has been controlled by other processes. The scattered or offset 
declinations and inclinations in the laminated deposits of layer 
l at depths of 615, 520 and 440 cm (Fig. 1) occur in coarser 
grained sediments and are due to rough alignment in higher 
energy deposition environment, rather than to idealised 
alignment along the ancient magnetic field direction. The single, 
reversed inclination at a depth of 338 cm (Fig. 1) falls in a 
narrow dark layer about 2 cm thick. A dark layer at a similar 
stratigraphic level in Björkeröds Mosse has been reported by 
Mörner in core B892 to be “well established” as a geomagnetic 
excursion and to correspond to his Fjards interstadial. The layer 


Fig. 1 Data from Bjérkeréds Mosse core HI (1975). ©, NRM; @, partial demagnetisation at 100 oersted. Crosses indicate end of core 
sections. Mean declinations were set to zero. 
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in our core III (1975) is anomalous as, (1) its base is markedly 
(our results, in preparation) crenelated, (2) it does not occur in 
two other duplicate cores, and (3) the remanence is unusually 
stable as well as in a distinct direction. Its pollen spectrum and 
sediment chemistry correspond to the till which forms the banks 
of the lake. We prefer to interpret this intermediate palaeo- 
magnetic direction and Mörner’s™ in core B892 to be due to 
slumping rather than a true reflection of the geomagnetic field. 
The remaining great majority of palacomagnetic directions are 
all of normal polarity and are taken to indicate that the geo- 
magnetic field was of normal polarity from 13,000 to 11,000 yr 
BP in Sweden. 

The retention of aberrant magnetic directions and the 
between-core repeatability (our results, in preparation) of 
cleaned remanent intensity indicate that these normal polarity 
late Weichselian palaeomagnetic directions are almost con- 
temporary with deposition and are unlikely to have been caused 
by later remagnetisation. Our data suggest previously reported 
reversed palaeomagnetic directions! * are not reliable indicators 
of the ancient geomagnetic field, but have been distorted by 
mechanical sedimentation processes, slumping or weathering. 
Alternatively, but less likely, the reversed directions had been 
dated inaccurately. We suggest the proliferation of unusual 
palaeomagnetic directions in Scandinavia around 12,000 yr BP 
is a reflection of changing climatic conditions. In many localities 
the fluctuations of climate produced sediments of very variable 
mechanical properties, particularly at times of periglacial 
activity, which were poor recorders of the ambient magnetic 
field direction. 

Using geomagnetic events in the Swedish late Weichselian is 
thus of doubtful value. Furthermore, reversals or excursions of 
the geomagnetic field from other parts of the world around this 
time should not be dated or correlated with the earlier Swedish 
results. 

Watkins’!* warnings on *‘the special problems posed by the 
search for short events” have unfortunately not been heeded. 
We endorse his comments!? and on the basis of our work on the 
Swedish late Weichselian propose three minimum requirements 
for the recognition of geomagnetic excursions in recent sedi- 
ments: (1) both magnetic declination and inclination changes 
should be repeatable to within 20° in at least two sections or 
cores at the same site; (2) results should only be taken from 
macroscopically homogeneous lithologies with an average 
grain size below 62.5 um; and (3) magnetic directions should 
be stable under alternating field cleaning with peak field 
2 100 oersted. 

Application of theSe criteria would prevent many spurious 
palaeomagnetic directions being interpreted as evidence for 
unusual geomagnetic behaviour. It would reduce the large 
number of excursions and events deduced from Brunhes 
sediments to a small total comparable to that recognised in 
igneous materiali’, It would also reduce the difficult dating 
problems arising from attempts to correlate recent excursions, 
dispel speculation!! on very rapid changes in the main dipole 
field and enable geomagnetic excursions to be considered again 
as chronological indicators. 


R. THOMPSON 
Department of Geophysics, 
Edinburgh University, 
Edinburgh, UK 


B. BERGLUND 
Laboratory of Quaternary Biology, 
Institute of Geology, 
Lund University, Sweden 


Received July 19; accepted August 20, 1976. 


i Mörner, N-A., Lanser, J. P., and Hospers, J., Nature phys. Sci., 234, 173-4 9 

2 Noël, M., and Tarling, D. H., Nature, 253, 705-707 (1915). eta 
3 Mörner, N-A., and Lanser, J. P., Nature, 251, 408-409 (1974). 

4 Noël, M., Geol, Fören. Stockh. Förh., 97, 357-367 (1975). 

5 Watkins, N. D., Bull. geol. Soc. Am., 83, 551-574 (1972). 

6 Nilsson, E., K., Vetenskapsakad. Handl. YV, 12:1 (1968). 


491 


7 Berglund, B. E., Geol. Féren. Stockh, Förh., 93, 11-453 (E9793, 
8 Berglund, B. E., and Malmer, N., Geol. Foren. Stockh. Farh,, 93, 573-589 (1971) 
9 Jowsey, P. C., New Phytol., 65, 245-248 (1966). . 

10 Molyneux, L., Geophys. J.R. astr. Soc., 24, 429-434 (1971). 

t1 Mörner, N-A., Geol. Foren. Stockh. Férh., 97, 298-301 (1974). . 

12 Watkins, N. D., Comments Earth Sci: Geophys., 2, (2), 36-43 (1971). l 

13 Dalrymple, G. B., in Calibration of Hominoid Evolution, (edit. by Bishop, 

W. W., and Miller, J. A.), 107—134, (Scottish Academic, Edinburgh 1972). 


EE ee een 





January-thaw singularity 
and wave climates along the 
Eastern coast of the USA 


METEOROLOGICAL singularities—recurrent weather phenom- 
ena at or near specific calendar dates’—-have been reported 
throughout the Northern Hemisphere. Although not fully 
recognised as real phenomena by most meteorologists, 
singularities continue to merit the attention of some investi- 
gators. Although the general relationship between wind 
fields over open oceans and generation of waves by wind 
are well known, there are no reports in the literature on 
coastal wave climates and atmospheric singularities. 1 have 
observed that extreme frequencies of surf from directions 
more typical of the summer season occur at the time of 
the ‘January-thaw’ meteorological singularity January 20- 
23). Here I present observations of wave climates from 
Florida to Rhode Island at the time of the January thaw. 

Slocum? recorded an anomalous warm spell during 
January 20-23, between 1872 and 1921. Subsequently, Wahl 
demonstrated the existence of the January thaw in New 
England for the period 1873-1952 and Frederick’ reported 
on its extensive geographical distribution between 1927 and 
1956. Wahl also noted that at the time of the January 
thaw the ridge-and-trough positioning over eastern North 
America differed markedly from its positioning before after- 
wards: specifically, during the January thaw there is a 
high pressure cell off the east coast of the USA, and 
a trough runs through the midwest, whereas immediately 
following the thaw, the positions of the ridge and trough 
are reversed. Anticyclonic singularities have been reported 
for Europe (January 18-24) by Brooks’ and Japan (January 
24) by Maejima’. 

Duquet’ has attributed the January thaw to an adjust- 
ment of the planetary circulation occurring in early or mid 
January. Wahl* has noted that the January thaw is most 
pronounced during low-index Januaries. Significant changes 
in the general circulation of the atmosphere at the time 
of the January thaw are well documented. These changes 
should appear as a singularity in coastal wave-climate 
statistics. 

Surf-height and direction statistics for years falling within 
a period of general low index® were obtained from the Co- 
operative Surf Observation Program (COSOP) for Point 
Judith, Rhode Island (1957-1965); Atlantic City, New 
Jersey (1955-1964); Ocean City, Maryland (1955-1970), 
Virginia Beach, Virginia (1954-1969); Oak Island, North 
Carolina (1955-1965); and Hillsboro Inlet, Florida (I 955- 
1965), (Table 1). Daily and 3-d running means of surf 
heights were examined but did not show any anomalous 
characteristics at the time of the singularity; however, at 
the time of the January-thaw singularity, the directions of 
approaching surf along the Atlantic coast are atypical of 
winter. The magnitude of the departure from winter condi- 
tions to surf conditions more typical of summer are de- 
monstrated by the occurrence of extreme frequencies for 
various surf directions during the period of the singularity 
(Table 1). Although Wah!" has shown that the pressure field 
characteristic of the singularity is present on January 20, 
the maxima and minima of frequencies for each surf direc- 
tion generally occur around January 23. This apparent lag 
may be attributable to the required time of wave generation 
and travel to the coast. 
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Table 1 Daily and 3-day extremes of surf directions along the US eastern coast during the January thaw 


Station and surf direction 


January thaw 


Daily extreme 


3-day mean extreme 


January 
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Month of daily _ 


maximum 


Munimum g 


(Date) (% mid-date daily mean (°%% °<, frequencies 
Point Judith, Rhode Island ne val l i 
SE 38 (23rd)* 44 (22nd)* 55 May (65) Sep (47) 
SW 56 (22nd)§ 43 (22nd)§ 27 Aug (28) May (19) 
Atlantic City, New Jersey 
NE 0 (23rd)* 5 (23rd) 9 Dec (16) Aug (1) 
SE 57 (23rd) 63 (23rd) 77 Jul (84) Mar (67) 
l 5 19 (23rd)t 12 (23rd)t 3 May (7) Oct (I) 
Ocean City, Maryland 
NE 15 (21st) 18 (22nd) 23 Dec (30) Jul (6) 
E 28 (2ist) 37 (22nd) 42 Dec (44) Jul (26) 
ae SE 52 (23rd) 43 (22nd}t 30 Jul (58) Dec (25) 
Virginia Beach, Virginia 
NE 16 (23rd)* 26 (22nd) 39 Jan (39) Jul (8) 
SE 37 (23rd)t 28 (22nd)t 15 Jul (55) Jan (15) 
Oak Island, North Carolina 
SE 0 (22nd) 4 (21st) 5 May (13) Ju (i) 
S 74 (22nd) 69 (22nd)+ 53 Oct (66) Jun (52) 
SW 26 (22nd) 25 (22nd)* 37 Apr (46) Oct (24) 
Hillsboro Inlet, Florida 
NE 0 (24th)* 5 (23rd)* 21 Jan (21) Jul (1) 
E 24 (23rd)t 34 (23rd) 42 Apr (59) Jan (42) 


SE 47 (24th)§ 42 (23rd)§ I5 Jul (24) Oct (7) 


*Minimum value for month of January. 
+Maximum value for month of January. 
tMinimum value for year. 
§Maximum value for year. 


At Ocean City, Virginia Beach, and Hillsboro Inlet, surf 
from the south-east dominates. At Atlantic City extreme 
high frequencies of south surf occur, and at Point Judith 
surf from the south-west dominates. On Oak Island south- 
erly and south-westerly surf dominates, and at Hillsboro 
Inlet north-easterly and south-easterly surf predominates. 
The hypothesis enunciated here is not supported only at 
Atlantic City where the 1% level-of-significance criterion 
was not met. 

Duguet” has suggested that the January thaw is a mani- 
festation of “an adjustment of the planetary circulation 
from what might be called an early winter stage to a late 
winter stage .. . ” The statistics of south-easterly surf at 
Hillsboro Inlet support the season-transition concept. The 
period of October 1~January 20 is characterised by a mean 
frequency of south-easterly surf of about 9%. During the 
period January 20-end March, the mean frequency of surf 
from the south-east is 23%. Thus, the time progression of 
south-easterly surf at Hillsboro Inlet takes the form of step 
functions rather than of a monotonic sequence. 

Coastal wave climates are traditionally viewed as a simple 
annual cycle between summer and winter conditions, and 
definition within the annual cycle is not generally recog- 
nised. If other atmospheric singularities are found to mark 
simultaneous changes in wave climates, then such informa- 
tion would have immediate application to coastal planning 
in general, and coastal engineering in particular. Further 
investigation of coastal wave climates should answer this 
question and may further clarify the many unanswered 
questions about atmospheric singularities. 
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Middle Pleistocene 
stratigraphy in southern East Anglia 


A stupy of Quaternary deposits in south-east Suffolk revealed 
a complex, and hitherto unrecognised Middle Pleistocene 
stratigraphic sequence’. The probable ages of the units in 
the sequence are, from the base upwards, river sands and 
gravels of Beestonian age, a rubified palacosol of Cromerian 
age, and a periglacial palaeosol, loess, glacifluvial gravel, 
and till of Anglian age (Table 1). A preliminary survey of 
the Quaternary deposits in Essex has revealed a similar 
sequence. We here outline the main characteristics of this 
sequence, which has now been recognised over some 
2,000 km’ in southern East Anglia, and discuss its palaeo- 
environmental significance. 

The Beestonian sands and gravels are the most widespread 
Pleistocene deposit in the region. They form a body which 
trends south-west—north-east across the area (Fig. 1) and 
reaches a maximum observed thickness of 30m. They are 
characteristically though not invariably a whitish colour, 
and are composed predominantly of flint and quartzite with 
small percentages of other rocks such as chert, rhyolite 
and tuff’. Far travelled materials such as Bunter quartzite, 
chert and volcanic rocks show that much of the deposit 
has been transported into the region, and the absence of 
non-durable material such as chalk, London Clay mudballs, 
and Jurassic shells and shale from the main body of the 
deposit suggests that the bulk of the material has been sub- 
jected to prolonged fluvial abrasion, North-eastward dipping 
large scale and small scale cross-set structures with occa- 
sional silt lenses indicate that the material was deposited as 
bars and dunes by a river with an irregular regime and a 
north-eastward direction of flow. Intraformational ice-wedge 
casts, vein-ice casts, and segregated ice accommodation 
structures are developed throughout the deposit, demon- 
strating that the fluvial processes operated in a periglacial 
environment. 

The height range of the surface of the deposit (Fig. 2) 
suggests that it is composite in origin, and may represent a 
series of river terraces formed at progressively lower levels 
as the river migrated south-eastwards. Considered in a 
regional context this body of sand and gravel probably 
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represents the debris of a much larger Thames drainage 
system, operating with a load and regime controlled by 
periglacial conditions. 

These Beestorian sands and gravels were included by 
Prestwich’ in his Westleton Beds which he considered to be 
marine in origin and separate from the glacial gravels. In 
contrast, Clayton‘ regarded all the sands and gravels of the 
Chelmsford and Harlow regions as glacial outwash, naming 
them the Danbury and Chelmsford Gravels, though 
Solomon‘ pointed out that the heavy mineral assemblage 
indicated that there were two separate units, one of which 
could not be associated with the local till. Bristow and Cox’ 
also regarded these two gravels as glacial outwash but pro- 
posed that they both be called the Chelmsford Gravels. 

The Cromerian palacosol is a rubified rof lessitvé modaux", 
and is developed on the surface of the Beestonian sands 
and gravels. Usually this soil is truncated, so that only the 
alluvial horizon survives in the form of a reddened zone 
associated with cutans, clay enrichment and iron enrich- 
ment. Soils of this type are produced in a humid warm 
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temperate climate™*, and as such reflect stable soil con- 
ditions which existed beneath the Cromerian mixed oak 
forest’. 

The Anglian palaeosol is an arctic structure soul’, and is 
identified by involutions, frost cracks, and epigenetic ice- 
wedge casts which disturb the horizonation of the rubified 
sol lessivé and the primary structures in the upper part of 
the Beestonian sands and gravels. The loess that is developed 
in south-east Suffolk is represented by coversand in Essex 
(Fig. 1). The stratigraphic equivalence is demonstrated by 
a diagnostic heavy mineral assembinge (J.-A. Catt, personal 
communication). Where both deposits exist at a site the 
coversand is uppermost. Their association with the arctic 
structure soil is shown by the fact that both deposits mix 
with the involutions and rest on the periglacial soil surface. 
At locations where the arctic structure soil has not been 
subsequently buried by the till, only the basal part of the 
ground ice structures remain, and the upper parts have been 
disturbed by younger periglacial activity. 

The Anglian glacifluvial sands and gravels succeed the 





Table 1 Middle Pletstocene stratigraphy and palaeocenvironments in southern East Anglia 


Stage name Formation name in Environment 
south-east Suffolk 

Anglian Lowestoft Till Glacial 
Barham Sands and Gravels Glaciffuvial 
Barham Loess i 
e E N, Periglaclal 

Cromerian Valley Farm Rubified Sol Lesstyé Humid, warm 

temperate 
Beestonian Keagrave Sands and Gravels Periglacial 


Sediments and palacosols in Essex and west Suffolk 
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arctic structure soil. This deposit is only occasionally present 
beneath the till (Fig. 1), and beyond the till margin it is 
restricted to channels cut in underlying deposits. The base 
of the deposit is characterised by a pebble lag, but the main 
body consists of pale brown, well sorted sand and gravel 
composed predominantly of locally derived flint and quart- 
zite (from the Beestonian sand and gravel) and a small 
component of glacially derived non-durable rocks. Primary 
sedimentary structures consist of small channels, plane beds, 
and small scale, tabular cross-sets which dip predominantly 
south-eastwards in Suffolk, and indicate that the deposit 
formed as dunes in shallow, braided rivers which drained 
away from the Lowestoft Till ice sheet in directions normal 
to the ice margin. Ground ice structures are absent from 
this deposit, and suggest that sedimentation rates were more 
rapid than the rate at which permafrost could develop. 
This deposit includes the upper part of the Chelmsford 
gravels“. 

Lowestoft Till of Anglian age“ forms the upper part 
of the succession, and several of the sites have been studied 
by Perrin er al.. At many locations the till rests directly 
on the undisturbed palaeosols or the wind-blown sedi- 
ments. This indicates that over parts of southern East 
Anglia, glacial erosion did not occur, and probably suggests 
that flow tills protected the existing deposits before they 
were overridden by glacier ice. 

The palaeoenvironmental significance of the Middle 
Pleistocene stratigraphic sequence in southern East Anglia 
can be summarised as follows : 

(1) Two separate sand and gravel bodies can be recog- 
nised. The Beestonian river deposit is extensive throughout 
the region. The Anglian glacifiluvial deposit is thin and 
localised. The earlier deposit is related to a north-eastward 
system of drainage. The present-day south-eastward and 
southward drainage patterns in the region were initiated 
during the Anglian glaciation with the deposition of the 
proglacial outwash. 

(2) Downcutting and migration by the Thames drainage 
system began during the Beestonian periglacial stage, and 
by the time of the Cromerian Interglacial, the river must 
have adopted a route south and east of a line from Chelms- 
ford to Colchester and Woodbridge (Fig. 2). 


Fig. 2 Elevations of surface of Beestonian sands and 
gravels, Locations are indicated on Fig. 1. 
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(3) The Cromerian rubified sol lessivé is developed widely 
across southern East Anglia. Where it is buried beneath 
Anglian glacigenic sediments it forms a clear stratigraphic 
horizon. Where it remains at the surface it forms the parent 
material for present-day soils which consequently have a 
reddened appearance. 

(4) The Anglian arctic structure soil is developed across 
the region in association with loess and coversand. These 
aeolian deposits differ from Devensian aeolian sediments in 
their heavy mineral composition. 

(5) Glacial erosion of pre-existing sediments and soils is 
negligible over large parts of the glacierised area of 
southern East Anglia. 
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Oldest recorded in situ tracheids 


RECENT critical reviews’ have suggested that evidence from 
microfossils*? (that is spores with triradiate marks, sheets of 
“cells” or tubes with tracheid-like thickenings) should not 
be considered sufficient to demonstrate the existence of 
vascular plants in Silurian times; the only acceptable 


Fig. 1 Terminal globose sporangium {x 18). 
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Fig.2 Two spores with gaping trilete marks isolated on film pull 
and photographed using infrared film ( » 750). 


evidence being megafossils with tracheids in situ. Such was 
the evidence presented by Lang’ when he described smooth 
axes from the Downton Series (Pridolian ef.) of the Welsh 
Borderland. These vascularised axes were found in associa- 
tion with two species of Cooksonia, very simple plants with 
smooth forking axes terminating in globose sporangia which 
contained spores bearing trilete marks. Megafossils mor- 
phologically similar to Cooksonia have been described from 
strata of similar age throughout the world, but the Lang 
specimens are the only ones with unequivocal tracheids and 
thus have hitherto been considered the earliest vascular 
plants. We report here the occurrence of a vascular plant 
in the slightly older Whitcliffian strata (Ludlow Series) of 
South Wales. 

Our investigations have centred on a lower Whitcliffian 
flora (uppermost Ludlow Series=Kopaninan ¢#f\) from the 
Capel Horeb Quarry, Powys (SN 844323); the age of the 
plant-bearing Roman Camp Beds being based on faunal‘ 
and microfossil evidence (personal communication from K. 
Dorning), Among smooth often dichotomously branching 
carbonaceous axes are a few Cooksonia-type sporangia (Fig. 
1) some of which contain spores with trilete marks (Fig. 2). 
A central longitudinal line visible in some of the axes is 
presumed to represent conducting tissue’, although until 
the study reported here tracheids have not been isolated 
from this region. Regular transverse banding reminiscent 
of tracheidal pitting (Fig. 3) is often observed, but there is 
a possibility that such a pattern has been produced by the 


Fig. 3 


Possible tracheid showing regular transverse banding and 
a single longitudinal wall ( ~ 416). 
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Fig. 4 Unbranched carbonaceous stem from which tracheids in 
Fig. 5 were isolated ( x 7). 


regular fracturing of the carbonaceous residues. This 
explanation, however, cannot be applied to the short lengths 
of tracheids recovered on a cellulose acetate film pull from 
an unbranched axis 10mm long and 1 mm wide (Fig. 4) 
Figure 5 shows two, possibly three adjacent incomplete 
tracheids, partly masked by a darker, more opaque, non- 
cellular layer. The longitudinal walls are 7.5 ¢m apart in 
the longest element and the horizontal bars are, on average, 
Spm apart. Although we are reluctant to draw any con- 
clusions on the type of pitting from such fragmentary com- 
pression fossils, there is some resemblance to the annular 
thickening described by Lang in his Downtonian specimens 


O 





Fig. 5 Fragments of two adjacent tracheids isolated on a film 
pull and photographed using infrared film. Arrow indicates 
longitudinal axis of stem ( » 416) 


Our findings therefore indicate the presence of vascular 
plants, most probably of Cooksonia-type organisation, in 
the upper part of the Ludlow Series, slightly older than the 
Downtonian vascularised axes of Lang. 

We thank Dr M. Mortimer for help with photography. 
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Wild bank voles (Clethrionomys glariolus) 
are possibly a natural reservoir of 
campylobacters (microaerophilic vibrios) 


STRAINS Of Campylobacter, a genus of microaerophilic 
bacteria, have been isolated by various workers from the 
gut and faeces of several animal species including man’, 
but as far as we know, there have been no reports of their 
isolation from rodents. The continuing importance of 
diseases of farm animals involving campylobacters, for 
example infectious infertility and sporadic abortion in 
cattle’, abortion in sheep’ and dysentery in pigs’, and the 
paucity of information on the source of outbreaks of some 
of these diseases prompted us to investigate whether cam- 
pylobacters were present in the faeces of bank voles 
(Clethrionomys glariolus), short tailed field voles (Microtus 
agrestis) and long tailed field mice (Apodemus sylvaticus) 
from their natural habitat. These species are common 
throughout mainland Great Britain’ and were being trapped 
as part of an investigation into the distribution of patho- 
genic bacteria and viruses in small wild rodents. Bank voles 
and field mice are commonly found in woodland and scrub, 
and short tailed field voles are found in grassland, therefore 
all three species might provide a source of infection for 
domestic animals. We report here that bank voles carry 
campyvlohacters. 

At intervals of 6 weeks during a period of 3 months 
bank voles and field mice were trapped in an area of mixed 
broadleaved woodland in Berkshire, and short tailed field 
voles were trapped in an area of well established grassland 
in Hampshire. The animals were caught in Longworth traps’ 
arranged in a squared grid of 3,600 m’ in each trapping area. 
Two traps were placed at each point, with an interstation 
distance of 10m. A faecal pellet voided by each animal 
was placed in S ml of quarter strength Ringer’s solution in 
a 0.5-ounce McCartney bottle, and maintained at 18-20 °C 
for not more than 3h before selective culture for campylo- 
bacters on blood agar by a filtration method’. Isolation 
plates were examined after incubation in 30% (v/v) CO, 
in air for 4d at 37 °C. If colonies of Campylobacter were 
not detected, the plates were reincubated and examined 
after a further 10d. 

We isolated bacteria which we identified as Campylo- 
bacter from the faeces of 10 out of 13 bank voles, but not 
from the faeces of any of 12 field mice or any of 17 short 
tailed field voles examined. Campylobacter isolates from 
bank voles were motile, Gram-negative, slender curved rods 
with a predominance of coccal forms in old (5d) cultures. 
On blood agar after incubation for 3d at 37 °C colonies 
were irregular, tending to spread. Each colony had an entire 
edge and was light grey with a diameter of 24 mm. All 
isolates produced catalase and reduced nitrate to nitrite, 
but did net produce acid in media containing glucose, grow 
im nutrient gelatin or haemolyse blood. They produced 
H.S detectable by lead acetate paper only when grown in a 
medium with added cysteine®. Growth did not occur, or 
was very slow, in media containing 1% (v/v) glycine and 
in media incubated either in air or in anaerobic conditions. 
By these criteria our isolates resemble C. fetus ssp. venerealis 
biotype intermedius’, a resemblance which is interesting 
since campylobacters with these characteristics have been 
recognised as a cause of infectious infertility in cattle’. 

Our work shows that animals hitherto not considered in 
studies on the epidemiology of diseases of domestic animals 
carry campylobacters and may provide a reservoir of infec- 
tion. Furthermore, it is possible that Clethrionomys glariolus 
might provide what is much needed for research into cam- 
pylobacter infections—-a laboratory model for pathogenicity 
studies. 
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Population density affecting adult 
shell size of snail Cepaea nemoralis L. 


THOMAS et al’? have questioned the ability of molluscs to 
limit their population size by self inhibition at high 
densities. They suggest that plant metabolites may have 
caused the reduction in growth and fecundity of the aquatic 
snail Biomphalaria glabrata Say ascribed to crowding in 
previous studies“. Field evidence for density-dependent 
regulation is limited. Yom-Tov’ found that the fecundity 
of the desert snail Trochoidea seetzeni Pfeiffer was adversely 
affected by population density; he considered that either 
self-inhibition or nutritional differences were responsible. 
While studying the population dynamics and energetics of 
the land snail Cepaea nemoralis L.., we have found evidence 
for density-dependent effects that cannot readily be 
explained by resource limitation. In samples of C. nemoralis 
collected in 1968 to study shell polymorphism (M. A. Palles- 
Clark, unpublished) a negative correlation was noticed 
between adult shell diameter and sample size (r= —0.60, 
P<0.001). Snails were collected from chalk grassland 
between Beacon Hill and Round Down, West Sussex. A 
more detailed study carried out in the same area during the 
summer of 1973 confirmed this effect. The density of adult 
C. nemoralis was measured by mark-recapture at nine 
20x 20m sites, situated 100-600 m apart. Each site was 
sampled in May, June and August. As there were 
insufficient recaptures to use multiple recapture methods 
for all sites, adult population densities were estimated for 
the second sampling occasion using the Lincoln index. 

Measurement of adult shell diameter showed a 6-9% 
decrease in adult size associated with an increase in density 
from 0.5 to 5.5 adults per m’ (Fig. 1). The pattern of 
population density was patchy but similar to that found in 
1968. There were no simple relationships between density 
and geographical features, for example altitude or aspect. 
There were slight differences in shell colour and banding 
morph frequencies between the sites but these did not 
relate to differences in adult density or shell size. 

Figure | also shows changes in mean shell diameter with 
season, reflecting a change in age structure of the adult 
population. Separate values of shell diameter are given for 
May. when the collections were mostly of old adults, 
surviving from previous years, and for August, when new 
adults (with shiny shells, periostracum intact) predominated. 
The August results exclude snails captured and marked in 
either May or June. Snails were considered adult when a 
lip had been formed at the mouth of the shell; after lip 
formation there is no further increase in shell diameter. 
Regression lines drawn through each set of data had 
significantly different slopes (P<0.02), the change in slope 
indicating that recruitment to the low density populations 
increased mean adult size, whereas recruitment to the high 
density populations had the opposite effect. Long term 
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Fig. 1 Relationship of mean adult shell diameter (+s.e.) and 

adult population density. @, Samples collected on May 23, 

Y = 21.19 —0.238X or slope = 0.038); ©, samples collected on 
August 7, Y = 21.56 -0.382 (s.e. “slope = == 0.034). 


studies at an adjacent site did not show any significant 
changes in adult shell diameter over autumn and winter. 
It therefore seems that the differences between new and old 
adults are a function of the conditions experienced by 
juveniles, rather than selection pressures operating on 
adults. Unfortunately our field data do not enable us to 
separate the effects of juvenile and adult population 
densities on juvenile growth rates, nor to determine the 
time when growth is most affected. 

The decrease in shell diameter with increasing density has 
a marked effect on body weight, reducing it by 14-31% 
(values determined from log-log regressions of weight and 
size for new and old adults). Wolda’s studies’, in field 
conditions and in the laboratory, indicate that fecundity 
would be similarly reduced. His regressions relating shell 
diameter to clutch size and oviposition frequency for C. 
nemoralis predict a 22% decrease in annual egg production 
when adult shell ameter changes from 21.2 mm to 
19.3 mm. Overwinter survival could also be affected: Cook 
and O’Donald*® found that smaller adult C. nemoralis from 
a Pyrenean population were at a selective disadvantage 
when kept in experimental conditions producing high 
mortalities during dormancy. 

A similar relationship between shell size and population 
density was detected by further analysis of Wolda’s’ field 
data. When adult shell diameter was plotted against density 
index the regression slope was negative and significantly 
different from zero (P<0.001, combined data from east- 
west and north-south roads). Wolda’s sampling sites were 
distributed over a total area similar to ours (about 0.5 km’). 
Over larger areas, the variation in other factors affecting 
shell size, for example calcium availability, would be 
increased; consequently we would not expect the effect of 
population density to be so marked. 

There was no indication that C. nemoralis at our study 
area was limited by either food quantity or quality. Point 
quadrat surveys of the nine sites did not show any 
correlation between population density and the vegetation 
biomass, nor between density and the proportion of 
palatable plants in the standing crop (R.A.D.C., P.W. and 
D. J. Morgan-Huws, unpublished). The feeding of C. 
nemoralis was studied in detail for a population with a 





density of five adults per m” in June 1973, and a mean 
annual biomass (March 1973—March 1974) of 1.03 g m” for 
adults and juveniles. It was estimated’ that this population 
consumed 3.7% of the above-ground production of herbs, 
0.6% of that of grasses, and 0.91%, of the total above- 
ground primary production. Preferred foods (dead herbs) 
were available at all times of the year. Calcium deficiencies 
were most unlikely: at all sites pieces of chalk were present 


at or near the soil surface. Shells of dead snails provided an 


alternative supply. | 

We therefore conclude that interactions between snails, 
either chemical or behavioural, were responsible for slowing 
juvenile growth rates in high density populations, resulting 
in smaller adults, and thus affecting the birth rate in 
succeeding years. It is likely that the changes in adult shell 
size that occurred in Wolda’s field? and experimental” 
populations of C. nemoralis were caused by similar density- 
dependent effects. Laboratory studies are in progress to 
determine the effect of density on juvenile growth in 
experimental conditions. Initial. results show that the 
presence of mucus trails of other snails inhibits activity, 
suggesting a possible mechanism for the effects observed in 
the field. 

We thank Dr H. Wolda for access to original data. This 
study was carried out while P.W. was in receipt of a 
research assistantship awarded by Portsmouth Polytechnic. 
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Overdominance and U-shaped 
gene frequency distributions 


A GENERAL pattern that emerges from electrophoretic analyses 
of protein variation in natural populations is that alleles with 
intermediate frequencies are rare. This results, graphically, in 


a U-shaped frequency distribution when both allele frequencies. 


from a two-allele locus are plotted. Supporters of the neutralist 
theory of population variation believe that most protein poly- 
morphisms found in nature are the result of the random drift 
of neutral mutations and argue that a U-shaped distribution 
is expected for the case 4Ns < 1, where N is the population 
size of diploid organisms and s is the average selection coefficient. 
We show here that, under certain assumptions, a U-shaped 
frequency distribution also obtains when 4Ns > I, From this 
we conclude that the analysis of allele frequency. distributions 
(or, equivalently, relative contributions to heterozygosity) does 
not provide a sensitive means of resolving the neutralist. and 
selectionist controversy. 

In the textbook model of an overdominant pols a 
two alleles, A and B, segregate at a locus, the- f -oË 
allele A indicated by p and the genotypes AA, AB: ave 
relative fitnesses 1—s,, 1 and I~s, respect vel , where 
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0 < s < 1. It is easily shown that the equilibrium frequency of 
A, denoted ĵ, is 5/(s,-+8,). Various biochemical, physiological, 
genetic and ecological mechanisms can account for the relative 
superiority of the heterozygote. Our approach will specify the 
distribution of p, given certain assumptions about the distri- 
butions of s, and s}. We begin by postulating that s, and s, are 
independent, and will discuss the possibility of positive or 
negative correlation later. 


a single parameter family of such distributions, where b is a 
parameter that reflects different biological reality (see below) 


ag ab) A (1) 


We now seek the probability distribution for equilibrium gene 
frequency, A(p), given that both s, and s, are distributed 
according to equation (1). We define two new variables 


Xa = SASi Sq) (2a) 
Xy == SoSo (2b) 


Solving for s; and s, gives 


S$, = XX (3a) 
Sq = Xai — x) (3b) 


The Jacobian of transformation (3), that is, the determinate of 
dsid OX), IS Xy, thus the joint probability distribution of x, and 
Xa i$ 


l a I 
H(X Xa) = jee | joc sar) ak a (4) 


Since x, and x, can be separated 


A(x Xs) gi hb (xd iagi x D “4i (5) 





It is then possible to obtain the marginal probability distribution 
of x,, A(x,), by integrating over x, in the domain of the distri- 
bution of distribution function H (0 < x, < 1,0 < x, < min 
(Ixa 1 [1/x.)), yielding 


XDE Wy VP 2b), <x, < 0.5 (6a) 


EVP HT ye OL Ub, 0.5 < xy < 1 (6b) 
This distribution, symmetrical about 0.5, gives the probability 
ofl -pC p)ifs, and s, are taken from probability distribution 
equation (1). Functions g(s) are plotted in Fig. 1A for different 
values of 6, with the corresponding A(p) distributions plotted 
in Fig. 1B. The question remaining is which, if any, values of 
b correspond to biological reality. 

Although a fairly high percentage of newly arisen mutations 
may be lethal, most of the alleles persisting at a locus in a 
natural population are not seriously deleterious as homo- 
zygotes: really deleterious genes will be eliminated soon after 
they appear. Thus it is reasonable to postulate that homo- 
zygotes that persist in a population will have fitness nearly 
equal to the heterozygote and that the mode of the distribution 
g(s) will be at s = 0, with the probability of larger » falling off 
rapidly with increasing s. This corresponds to large values of 
b, which give U-shaped gene frequency distributions. 

As mentioned, we have assumed that s values are uncorrelated. 
A negative correlation, which pairs large and small s values, 


Nature Vol. 263 October 7 1976 





a) 
‘a 
= A 
a | p 
= I 
| 
Bi 
| \\ n 
i \\ wae 
= 
Vv 
Laminar 
0 





Fig. 1 A, Some g(s) distributions for different values of the 

parameter b, the numerical value of which is given above the 

line. B, Some Afp) distributions for the same five values of 

parameter b. The heavy line is a hypothetical distribution for 
which all values of b are equally likely. 


seems to us absurd; it would, however, increase the tendency 
towards U-shaped gene frequency distributions. Positive 
correlations between s values work against U-shaped distri- 
butions. A likely source of such a positive correlation is a 
situation where the selection coefficients for the homozygotes 
at some ‘important’ loci tend to be high, whereas those for 
other ‘less important’ loci tend to be low, We admit that some 
loci are more essential than others, but alleles persisting in 
natural populations at such relatively essential loci cannot 
deviate far from optimal functioning before the s values become 
large. Conversely, populations seem to tolerate a much broader 
range of function at loci which a priori are less critical meta- 
bolically. For example, an s = 0.5 might correspond to a very 
slight biochemical change in a regulatory enzyme on the one 
hand, and to a virtual absence of function of a coat colour gene 
on the other. We feel therefore, that it is incorrect to equate 
physiological or developmental importance with the effect of a 
locus on fitness. Rather, it is reasonable that the s distributions 
for all types of loci are the same and that our assumption that 
the individual s values at a locus are uncorrelated is warranted. 

This result is not solely dependent on equation (1), We have 
used other single parameter probability distributions for g(s). 
One family of functions was 


g(s) = B —s?)/(b+ 1) (7) 


We were not able to obtain A(p) analytically for this function, 
so we used numerical integration on a computer. Distributions 
of g(s) which were concave towards the origin (corresponding 
to values of b in equation (7) less than 1) gave U-shaped distri- 
butions for the equilibrium gene frequency. In addition, we 
treated other g(s) distributions in a Monte Carlo fashion and 
arrived at the same conclusion. If the natural distribution of 
selection coefficients is concave towards the origin, then U- 
shaped probability distributions of gene frequencies are to be 
expected. 

Using equation (1) we have performed Monte Carlo simu- 
lation for more than two alleles at a locus. For tri-allele systeras, 
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where the gene frequencies of the population can be represented 
as the three distances from the sides to an interior point in an 
equilateral triangle, the probability distribution for the equili- 
brium surface can be plotted as a surface above the triangular 
domain. Values of b that give U-shaped gene frequency distri- 
butions for two-allele cases give three-allele gene frequency 
distributions that have modes in the three corners and very low 
probabilities in the centre of the triangular domain. The same 
is true for four or more alleles. 

The foregoing results apply to infinite populations. The 
situation for finite populations, where some sampling error 
(drift) is unavoidable, can be sketched. Robertson! introduced 
the idea of a retardation factor, which shows the strength of 
an overdominant polymorphism for slowing fixation, This 
depends on both the size of a population and on the deter- 
ministic frequency of equilibrium. For population sizes greater 
than 1,000, equilibrium frequencies in the range 0.2-0.8 are 
quite secure--the mean time to fixation is very long. When the 
equilibrium frequency is near 0 or 1, however, the rate of 
fixation may be even faster than for a purely neutral case. 

By tending to fix those equilibrium frequencies in the ranges 
0.05-0.20 and 0.80-0.95, such drift would change the A-shaped 
distributions in Fig. 1B to W-shaped distributions. It would 
also tend to square off the corners of a U-shaped distribution, 
but it would be impossible statistically to distinguish the two 
cases. Therefore, if our arguments are correct, gene frequency 
data cannot be used to determine whether most electrophoretic 
polymorphisms are neutral or selected. 

Yamazaki and Maruyama? concluded that gene frequency 
data, in the form of contribution. to relative heterozygosity, was 
inconsistent with the overdominant model. But this conclusion 
was based on the assumption that all equilibrium frequencies 
of overdominant polymorphisms are equally probable (corres- 
ponding to the heavy horizontal line in Fig. 1B); whereas, 
following the reasoning outlined in this paper, we believe that 
this assumption is not reasonable and that their conclusion is 
unwarranted. 

We have not explained the phenomenon of the U-shaped 
allele frequency distribution. We have merely shown that it 
may be consistent with a selectionist model. 
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Triploid pseudogamous biotype of the 
leathopper Muellerianella fairmairei 
THE sibling leafhopper species Muellerianella fairmairei (Perris, 
1857) and M. brevipennis (Boheman, 1847) (Homoptera, 
Delphacidae) are widely sympatric in Europe. Studies of the 
biological differences between the two species, and of their 
hybridisation has revealed a remarkably high proportion of 
females of M. fairmairei sampled in the field and a gradual 
disappearance of males in laboratory colonies. M. brevipennis 
had a normal sex ratio in field samples and when reared in the 
laboratory'. Additional cytogenetic studies now demonstrate 
that in M. fairmairei a pseudogamous female triploid biotype 
coexists with the diploid bisexual form. 

Populations of M. fairmairei (Southern Greece and Southern 
France) and M. brevipennis (Holland), which maintain a f:i 
sex ratio are diploid (2a = 28). In both species the male 


499 


karyotype consists of thirteen autosome pairs and one xY 
pair (27 = 13 AIL- XY). The female karyotype (Fig. ta and h} 
shows thirteen autosome pairs and a large pair of XX chromo- 


the triploid females, as far as could be determined, consistently 
had 41 chromosomes, including three X chromosomes. Ovarian 
semi-mature and mature eggs always contained a, metaphase 
plate with 41 “pseudobivalents” (Fig. 1c). Their size was 
approximately half that of the bivalents oft loid female, 
and they resembled secondary oocyte € ies. In this 
insect the first and second meiotic divisio sbably do not 
al division. 


take place and are replaced by a single eq al divis 

After the triploid biotype of M. fairmairei had been isolated 
in the laboratory, three experimental crosses were made to 
investigate the role of the sperm in the production of triploid 
females. When the cross was M. fairmairei (3n) 25 « M. 
fairmairei 36, five pairs reared on. their host: plant, Holcus 
lanatus (L.) produced triploid females only and in high numbers 
(160-514) females per pair. All five females appeared to have 
mobile sperm in their spermathecae. When the cross was M. 
fairmairei Gn)2e x M. brevipennis 33, six pairs placed in a 
cage containing H. lanatus and Deschampsia caespitosa (..) (the 
latter is the specific food plant of M. brevipennis) produced 
comparatively few triploid females (a total of 88). Three of the 
six crossed females had mobile sperm in their spermathecae. 












nine sterile males (produced by previous crossing of M. brevi- 
pennis (2n)?? x M. fairmairei $3) were paired with females in 
glass tubes containing H. lanatus. Although the triploid females 


Fig. 1 The chromosome complements of M. fairmairei (Dn): 

a, M. brevipennis, b, M. fairmairei (3n); c, at the first female 

meiotic division, which occurs in the nucleus of semi-mature ¢ggs. 

The bar in (c) represents 10 um. All photomicrographs are 
reproduced at the same magnification, 
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were observed several times copulating with the hybrid males, 
none of the 163 eggs deposited exhibited embryogenesis. 

Thus the triploid biotype of M. fairmairei, which is morpho- 
logically indistinguishable from the diploid female, has a 
typically pseudogamous mode of reproduction. The entrance of 
sperm (derived from the males of M. fairmairei or the closely 
related M. brevipennis) is necessary for embryonic development 
to occur, but the sperm probably do not fuse with the egg 
nucleus. Copulation with sterile males is ineffective. So far this 
mode of reproduction has not been reported in Hemiptera?, 
although other forms of parthenogenesis are well known in this 
order. 

When both female biotypes of M. fairmairei were reared to- 
gether in the presence of males, the diploid type disappeared 
after one or two generations. The higher fecundity of the 
pseudogamous biotype and the fact that it produces all-female 
progeny possibly explain this phenomenon. It is not known how 
both biotypes can coexist in the field. It is clear, however, that 
the triploid type requires the availability of a diploid population 
for its maintenance. 

An indication that the triploid biotype might be of hybrid 
origin is its ability to oviposit and develop on D. caespitosa, the 
host plant of M. brevipennis. Diploid hybrids, originated from 
crosses Of M. fairmairei Qn\ṣ x M. brevipennis 33 and the 
reciprocal cross, have the same ability. Also, the meiotic 
behaviour of some female diploid hybrids (28 “‘pseudobivalents”’) 
closely resembles that of the triploid. 

l thank Professor J. van der Veen and Drs J. Sybenga, R. H. 
Cobben and J. Gut for discussions. 
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Somatic hybridisation of 
Petunia hybrida and P. parodii 


INTRASPECIFIC and interspecific fusion of plant protoplasts 
is induced by agents *. Protoplasts of several species can 
regenerate a cell wall and divide to form callus, from which 
whole plants can be grown’. To combine these processes and 
obtain hybrid cells and then hybrid plants several require- 
ments must be met®. The parental protoplasts should be 
capable of being cultured, as should the hybrid cells, and 
plant regeneration must be possible. Selection procedures 
developed so far `” may not be generally applicable, and we 
have now developed a method which makes use of naturally 
occurring differences in the sensitivity of cultured plant 
protoplasts to growth media and drugs”. 

One half of our selection procedure was based on a dif- 
ference in growth between leaf protoplasts of Petunia 
avbrida and P. parodii. Protoplasts of P. parodii’ never 
grow beyond the small colony stage (about 50 cells) in a 
medium similar to that of Murashige and Skoog" (M/S 
medium) while protoplasts of P. hybrida cultivar Comanche™ 
produced callus”. The other half of the selection procedure 
was based on a difference in sensitivity to actinomycin D, 
P. hybrida protoplasts being more sensitive than those of 
P. parodii. The selection procedure is shown in Fig. 1. 

Leaf protoplasts of P. parodii and P. hybrida were sus- 
pended in 9% (w/v) mannitol solution containing inorganic 
salts’ (2 10° protoplasts per ml) and dispensed into screw- 
capped tubes in 8-m] volumes so that there was a viability 
control, and a fusion viability control for each species. A 
mixture of equal volumes of each species was used for the 
fusion treatment. 

All tubes, except viability controls, were centrifuged (80g, 
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10 min) and the supernatant was removed. To each tube was 
added 2 mi of 15% (w/v) polyethylene glycol (Koch-Light, 
molecular weight 6,000), 4° (w/v) sucrose and 0.01 M CaCh 
to induce fusion. Protoplasts were resuspended, left for 
10 min at 25 °C 

at 5-min intervals, of the M/S medium in volumes of 0.5 ml, 
L0 mi, 2.0 ml, 2.0ml, 3.0 ml and then 4.0 ml. Protoplasts 
were resuspended after each addition. After centrifugation 
at 60g for 15 min, the supernatant was replaced by M/S 
medium {8 ml per tube}. At this stage the two viability 
controls were centrifuged and the protoplasts were resus- 
pended in M/S medium. A further control was prepared 
by mixing equal volumes of P. parodii and P. hybrida fusion 
viability controls (post-fusion mixture control). All tubes 
were left for 1 h before plating. On average 4% of the pro- 
toplast population had fused as determined by counts of 
nuclei. 

Protoplasts were maintained in liquid medium by the 
liquid-on-agar culture method’’. To each 9-cm plastic Petri 
dish was added 8 ml of M/S medium containing actinomycin 
D (1.0 ug mi"), solidified with 0.5% (w/v) agar. To the sur- 
face of the agar was added 4 mi of M/S medium, contain- 
ing actinomycin D (2.0 ug ml’), plus 4ml of the appro- 
priate protoplast suspension (at 2.0 x 10° protoplasts per ml), 
in M/S meduim without actinomycin D so that the final 
concentration of the drug in the liquid layer was 1.0 ag mI“, 
with a protoplast density of 110° per ml. Protoplasts of 
the two viability controls were plated in M/S medium with- 
out actinomycin D, as were samples of the P. parodii and 
P. hybrida fusion controls. Dishes were maintained at 27 °C 
with continuous illumination of 1,000Ix from daylight 
fluorescent tubes. 

After 28 d, colonies were transferred to dishes containing 
M/S medium with 3% (w/v) mannitol solidified with 1% 
(w/v) agar and no actinomycin D. Growing colonies were 
transferred finally after 60d to M/S medium containing no 
mannitol. Colonies were also recovered from the P. hybrida 
fusion control, maintained in the absence of actinomycin D, 
and from the P. parodii/P. hybrida fusion treatment in the 
presence of actinomycin D. All other dishes were devoid of 
colonies except the P. hybrida viability control. After a 
further 10 weeks, the small calluses of the P. parodii/P. 
hybrida fusion treatment, and the P. hybrida fusion control, 
were transferred to M/S medium, containing IAA 
(2.0 ug mi™) and 6-benzylaminopurine (1.0 ug mI’), for 
plant regeneration. Ten calluses of separate origin were 
recovered from the P. paroedii/P. hybrida fusion treatment. 
Of these, eight produced shoots on this medium. Sub- 
sequently they were removed and rooted in M/S medium 
containing NAA (0.1 ag ml’) as the sole growth regulator 
and 0.3% agar. Plantlets thus produced were potted and 
grown up to flowering. Callus from the P. hybrida fusion 
control did not regenerate shoots on the same medium, 
although some shoots were produced when = zeatin 
(1.0 zg mi7) was added. 

No plants of P. parodii were recovered since the pro- 
toplasts did not grow beyond the colony stage. Plants pro- 
duced from the P. hybrida fusion control were all diploid 
(2n<214), red flowered and like the parent species, All plants 
produced from P. parodii/P. hybrida fusion were purple 
flowered, and thus distinguishable from the parents (Fig. 2). 
Chromosome counts on roots showed a minimum number 
of 24, and a maximum of 28 in these plants. 

Seedlings of P. parodii and P. hybrida were treated with 
colchicine (0.3% (w/v) aqueous solution) for 90min to 
produce tetraploid (427=28) plants. The F: sexual hybrid 
(P. hybridax P. parodii) was obtained at the tetraploid level 
using colchicine. The reciprocal cross (P. parodiiX P. 
hybrida) was identical in all respects. As Fig. 2 shows, 
flowers of the plants with 28 chromosomes, produced by 
fusion, were very similar to those of the tetraploid F, sexual 
hybrid. Tetraploid P. parodii and P. hybrida parents were 
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Petunia parodii Petunia hybrida 
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iina el (1.0 yg mi”) 
Cell colonies Callus No growth 


No further growth Fusion 


M/S medium 
+ actinomycin D (1.0 ug ml~*) 


Somatic hybrid callus 


Somatic hybrid plants 


Fig. 1 Selection scheme for the production of somatic hybrids of P. parodii and P. hybrida based on differential parental protoplast growth 
responses to M/S medium and actinomycin D. Both species gave high yields of protoplasts (2-3 x 10° per g fresh weight) with plating 
efficiencies of up to 40% in M/S medium, with naphthalene acetic acid (NAA) (2.0 ug ml-*), 6-benzylaminopurine (6-BAP) (0.5 ug ml-*), 
sucrose (3%) (w/v) and mannitol (9%) (w/v), pH 5.8. Division of P. hybrida protoplasts was limited by actinomycin D at 0.75-1 .0 pg mi 
in M/S medium, yet protoplasts of P. parodii were not affected up to 5.0 ug ml~*. In animal cells, actinomycin D resistance is dominant", 
and likely also to be so in Petunia. Callus of P. parodii’? readily undergoes shoot formation, yet that of P. hybrida does not™. It was 
expected that the regeneration potential of somatic hybrids would be provided by the P. parodii genome. In M/S medium plus actinomycin 
D protoplasts of P. hybrida would be expected to remain alive, but not divide while protoplasts of P. parodii would divide to the small 
colony stage. If complementation occurs in the somatic hybrid, the P. hybrida genome would permit division beyond the colony stage, 
while the P. parodii genome would confer resistance to actinomycin D. Protoplasts did not cross feed with respect to the M/S medium 
and actinomycin D growth responses. 


Experiments based on the same selection principle, and 


easily distinguished from the F, sexual hybrid and the 


regenerated plants, for doubling of the chromosomes in the 
parents affected neither flower colour nor morphology. 
Therefore, the plants resulting from fusion that had 28 
chromosomes were classed as somatic hybrids (P. hybrida+ 
P. parodii). The sexual hybrid (4n) and the somatic hybrid 
(28 chromosomes) were both self-fertile and cross-fertile. 

Determination of leaf isoperoxidase showed that the 
somatic hybrids had the spectrum of bands associated with 
both parents (diploid and tetraploid); and 20% of stained 
gels had an extra faint band found also in the tetraploid F, 
sexual hybrid (Fig. 3). The presence of this additional band, 
coupled with the hybrid nature of the flowers excludes the 
possibility that a chimaera had been obtained. 

Fraction 1 proteins of P. hybrida and P. parodii were 
purified and analysed by A. A. Gatenby in our laboratory, 
using a specific immunoabsorbent, as described before”. 
Preliminary isoelectric focusing experiments of S-carboxy- 
methylated protein, in the presence of 8M urea, have 
revealed an identical polypeptide composition of the chloro- 
plast-coded large subunit for both species. The small 
nucleus-coded subunit of P. hybrida contains two poly- 
peptides”. P. parodii also contains two nucleus-coded poly- 
peptides, both with isoelectric points identical to those found 
in P. hybrida. This is perhaps expected, for within the genus 
Petunia there seems to be a high degree of chromosome 
homology”’”’. 


Fig. 2 Flowers of (from top to bottom) tetraploid P. parodii 
(white), tetraploid F, hybrid (P. hybrida x P. parodii) (purple), 
somatic hybrid (28 chromosomes) (purple) and tetraploid 
P. hybrida (red). The purple flower colour corresponds to Fuschia 
purple (BCC No. 199, 28/1) and the red corresponds to Turkey 
red (Horticultural Colour Chart, 721). The somatic hybrid was 
also distinguishable from either of the parents on the basis of 
corolla tube and peduncle length. Petals of tetraploid P. hybrida 
were fringed, yet those of the F, hybrid and the somatic hybrid 
were smooth. Abaxial vein pigmentation of the floral bud was 
pronounced only in the F, hybrid and the somatic hybrid. 
Pollen of both parents was yellow, whereas that of the F, and 
somatic hybrids was occasionally purple. 


culture procedure, but with different concentrations of 
actinomycin D, have given selected calluses. Somatic hybrid 
plants have been produced after selection in M/S medium 





Cathode 





Fig. 3 Diagram of starch gel electrophoresis of peroxidase 
isoenzymes from leaf material of: a, P. hybrida (4n); b, P. parodii 
(4n); c, P. hybrida (4n) and P. parodii (4n) mixed before homo- 
genisation; d, P. hybrida» P. parodii (4n); e, somatic hybrid 
(P. hybrida+-P. parodii) (28 chromosomes). Leaf material was 
homogenised in 0.2 M sodium chloride solution at 4°C using 
1 g fresh weight of leaf per 0.5 mi of solution. A sample of the 
fresh homogenate was absorbed into a filter paper wick which 
was inserted into a freshly made 10% (w/v) starch horizontal 
slab gel (Electrostarch). The gel buffer contained 90% (v/v) 
0.01 M citric acid and 0.065 M Trizma base, pH 8.2, plus 10% 
{v/v} 0.025 M lithium hydroxide and 0.2 M boric acid pH 7.9. 
The tank contained only the latter buffer. After electrophoresis 
for 6h at 4°C (40 mA), the gel was sliced horizontally, and a 
lower slice was stained for peroxidases using 100 mg of O-dianisi- 
dine in 70 ml of 95° (v/v) ethanol, plus 28 ml of acetate buffer 
and 2 mi of 3%, (w/v) hydrogen peroxide solution. (The acetate 
buffer contained 0.14 M sodium acetate and 0.06 M acetic acid.) 
Staining was conducted at room temperature for 45-60 min, 
followed by washing in 70% (v/v) ethanol; photographed, and 
R; values recorded. wr, Position of additional band. 


with actinomycin D at O9ygml’, O.8ugml" and 
0.75 ug mi™. At 0.75 pg ml! the selection conditions allow 
some P, hybrida callus to grow through. In these circum- 
stances, somatic hybrids were preferentially recovered since 
the shoot-inducing medium only rarely supports shoot for- 
mation in P. hybrida. So far, four separate experiments have 
produced somatic hybrid plants. Calluses have been selected 
in each of two further experiments. These calluses have 
regenerated shoots but have not yet been analysed fully. 
In one experiment which produced no somatic hybrids, 
actinomycin D (2.0 ug ml’) was added 10d after fusion 
treatment, and P. hybrida was not sensitive to this con- 
centration at the colony stage, and in the presence of 
P. parodii. 

The frequency of somatic hybrid plant formation was 
variable but was of the order of one in 1-8 X 10° protoplasts. 
This does not take into account loss of protoplast viability 
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on plating or losses due to the effect of the fusion treament. 

Because neither mutant nor haploid plants are required, 
this selection strategy should be readily applicable to a wide 
range of species. We are investigating—-using this comple- 
mentation-selection procedure based on naturally occurring 
differences between species—-the consequences of fusion of 
protoplasts isolated from sexually incompatible species. 

We thank Mr B. Case, Mr I. Gilder and Mr D. Wilson 
for technical assistance. Seeds of P. parodii were a gift from 
Dr K. C. Sink, Department of Horticulture, Michigan State 
University. This work was supported by a grant from the 
ARC. 
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Pea root nodules containing 


more than one Rhizobium species 

PARTICULAR species of legume are nodulated only by 
appropriate species of Rhizobium. Thus R. leguminosarum, 
R. phaseoli and R. trifolii nodulate peas, French beans and 
clover, respectively. The basis of this specificity between the 
two partners of the symbiosis is not understood. Complete 
specificity is not always found, however. Although R. 
trifolii does not normally nodulate peas, induced mutants 
of this species able to nodulate this host have been described’ 
and some strains of Rhizobium isolated from clover nodules 
nodulated both clover and peas’. Selected clover lines have 
been nodulated by R. leguminosarum’®. It has been reported 
that a non-rhizobial contaminant can occur in soybean 
nodules’ and that the presence of R. trifolii may allow 
R. meliloti to occupy clover root nodules (B. O. Gillberg, 
personal communication). We show here that the presence 
of R. leguminosarum can allow R. trifolii and R. phaseoli 
to enter pea nodules but that R. rrifolii cannot fix nitrogen 
in the nodules of this ‘foreign’ host. 

The strains of R. trifolii (6001 and 6100) and R. phaseoli 
(1233) we used did not normally nodulate peas in our 
conditions. Of 15 plants inoculated with strain 1233 and 43 
with strain 6001 none had any nodules, while one out of 36 
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plants inoculated with R. trifolli strain 6100 had three very 
small ineffective nodules. Since no viable bacteria could be 
isolated from them after surface sterilisation, strain 6100 
could not be identified; conceivably they arose by con- 
tamination. The R. trifolii and R. phaseoli strains effectively 
nodulated clover and French bean plants, respectively. 

The results of inoculating peas with various strains of 
R. leguminosarum together with R. trifolii or R. phaseoli 
are shown in Table 1. For each mixed inoculum at least 
one nodule on at least half of the plants contained the 
heterologous species. The frequency of such nodules was 
2-27%. All nodules occupied by R. trifolii or R. phaseoli 
also contained the appropriate strain of R. leguminosarum. 
In most mixed nodules the heterologous species represented 
the minority of the bacteria recovered, but in some there 
were many more R. trifolii than R. leguminosarum. For 
example, from a nodule on a plant inoculated with strains 
6100 plus 6099, 2.8xX10° R trifolii and 2.2x10 R. 
leguminosarum were recovered. 

For all mixed inoculations of R. trifolii plus ineffective 
strains of R. leguminosarum there was no nitrogen fixation as 
determined by the absence of acetylene reduction whether 
R. trifolii was the majority or minority strain. Four of the 
R. leguminosarum strains (6009, 6099, 7111 and 7112) were 
derived from single mutagenic treatments from effective 
parents and thus can be assumed to be defective in one or 
very few steps. It is apparent that the defect(s) in these 
strains and of the two ineffective field isolates of R. 
leguminosarum (922 and 983) could not be overcome by the 
R. trifolii strains Strain 922 dies not inhibit acetylene 
reduction when it occurs in the same pea nodule as an 
effective strain of R. leguminosarum'. 

A limited number of white clover (Trifolium pratense) 
plants was inoculated with R. trifolii strain 6001 plus 
R. leguminosarum strain 922 (which did not nodulate clover 
on its own). Of six nodules obtained from two plants, one 
contained both 922 and 6001. All six nodules were pink 
and effective, confirming that the presence of strain 922 in 
nodules did not inhibit nitrogen fixation by effective strains. 
This also demonstrates that occupation of nodules by 
heterologous species of Rhizobium is not restricted to peas. 

Two independent R. leguminosarum strains (6007 and 
6008) unable to nodulate peas were derived after ultraviolet 
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treatment of an effective strain (897). To determine whether 
the presence of non-infective strains of R leguminosarum 
would enable R. trifolii to occupy pea nodules, peas were 
inoculated with R. trifolii (strain 6001) plus strains 6007 or 
6008; no nodules were formed. Strains 6007 or 6008 do not 
inhibit nodulation by effective strains of R. leguminosarum. 
Neither of these strains was recovered from any of 237 
nodules from plants inoculated with nodulating strains of 
R. leguminosarum plus strains 6007 or 6008. It is perhaps 
surprising that the presence of an infective strain of 
R. leguminosarum does not allow non-infective mutants of 
R. leguminosarum to enter pea nodules but does permit 
entry of strains of R. trifolii or R. phaseoll. 

It should be noted that the techniques used here did not 
enable us to determine whether the heterologous species 
formed bacteroids in pea nodules since only the un- 
differentiated bacteria can form colonies on plates. Nor was 
it possible to determine where the heterologous strain 
occurred within the nodules. Transfer of the plasmid RP4 
between strains of R. leguminosarum has been observed in 
pea nodules’*, but it was not found in any of the thirteen 
nodules that contained both R. trifolii and the RP4-carrying 
strain of R leguminosarum (6099). RP4, however, is trans- 
ferred by conjugation in vitro from strains of R. legumino- 
sarum to strains 6001 and 6100 at much lower frequencies 
than it is to strains of R. leguminosarum (A.W.B.J., un- 
published observations). The failure to find transfer in the 
nodules therefore need not imply that the two strains were 
physically separated. 

It has been reported that the abHity to nodulate clover 
can be transferred by conjugation from R. trifolii to R. 
phaseoli’' and by transformation from R trifolii to R. 
meliloti’. In this study the resuits were not explicable by 
transfer of the ability to nodulate peas from R legumino- 
sarum to strain 6001 or 6100 since single colony isolates 
of these strains obtained from pea nodules retained their 
ability to nodulate clover but did not nodulate peas. 

The bases of the specificity in the recognition between 
legumes and Rhizobium may reside in a barrier or barriers 
that are breached only by bacteria of the appropriate cross- 
inoculation group. By definition, infective strains of R. 
leguminosarum overcome these barriers in peas. A general 
explanation for the results presented is that the hetero- 


————$——— EN == 
Table 1 Incidence of pea nodules containing R. phaseoli (strain 1233) or R. trifolii (strains 6001 and 6100) in the presence of strains of 
R. legumimosarum 


aw a U aa aaa‘ a O O 


Effective (E) 
Heterologous R. leguminosarum strain or 
strain Stock no. Genotype ineffective (1) 
1233 7482 phe str-r E 
6001 897 phe trp E 
str-r 
6001 6009 phe trp I 
6001 7111 aris I 
6100 711! phe I 
6001 7112 phe I 
600! 6099 spc (RP4) I 
6100 6099 I 
6001 922 his str-r I 
6100 922 I 
6001 983 str-r I 
6100 983 I 


No. of plants with No. of 
heterologous No. of nodules with 
No. of plants strain in one or nodules heterologous 
examined more nodules examined strain 
2 1 22 3 
2 2 49 3 
2 2 29 2 
2 1 22 I 
2 ji 12 I 
I I 12 2 
1 1 43 2 
5 5 58 11 
2 1 45 | 
3 3 33 9 
2 1 30 l 
2 l 20 2 


R. phaseoli strain 1233 is a rifampicin-resistant mutant of the pigment oe me RO) produriiig strain 3644 in the Rothamsted collection. 
ro 7 suppli 


tr-r) were derived 


m strain Č 


After about 4 weeks, nodules were excised, surface sterilised and crushed in 20% l. les (0.04 f the t 
suitable selective media**, The macerates were stored frozen and those that con e Slo einen ea ee plated on 
media to allow enumeration of the two strains 
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logous Rhizobium species use the apparatus induced by 
R. leguminosarum so that there is a partial breakdown in 
specificity. The strains of R. trifolii and R. phaseoli used do 
not ordinarily induce nodules on peas but we do not know 
if they form infections which abort before nodule forma- 
tion, R. trifolii was unable to fix nitrogen in pea nodules. 
This suggests that more than one barrier prevents 
Rhizobium of one cross-inoculation group forming an effec- 
tive symbiosis with a legume of a different group. This is 
in accord with the findings that mutants of R. trifolii able 
to nodulate peas did not fix nitrogen in this host’ and that 
some strains of Rhizobium isolated from clover formed 
ineffective nodules on peas’. 

ANDREW W. B. JOHNSTON 

Joun E. BERINGER 
Department of Geneties, 
John Innes Institute, 
Colney Lane, Norwich NR4 7UH, UK 
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Erucic acid, an accidental additive in bread 
RAPESEED oil is a stable, viscous oil utilised extensively by 
the baking industry in several countries as a lubricant to 
prevent the dough piece sticking to the container during 
baking. The oil is applied either to the container or directly 
on to the dough surface and allows the easy removal of the 
bread after baking. There are, however, few data available 
to indicate the extent to which any rapeseed oil ts absorbed 
into the bread during processing. The question has assumed 
considerable importance since Roine' and many subsequent 
workers’ * showed that a range of laboratory animals 
developed heart lesions and other biochemical abnormalities 
when fed diets with a substantial content of rapeseed oll. 
These effects have generally been attributed to erucic acid’ 
(13-docosenoic acid) which is the major fatty acid con- 
stituent in normal rapeseed oils (30-50% of total fatty 
acids)®, Consequently, various countries have legislated to 
restrict the amount of erucic acid permitted in certain 
foods, although no tolerances have been set specifically for 
baked products. This is mainly due to the assumption that 
erucic acid is not a natural component of the ingredients 
used in bread. 

We have examined 20 different types of bread obtained 
from retail outlets in Sydney, Australia and found that all 
loaves contained erucic acid in concentration which ranged 
from 170 to 1,070 mg of erucic acid per kg of fresh loaf, 
with an average concentration of 405 mgkg™'. A sample of 
wheat flour was also analysed but no erucic acid was 
detected (<0.2 mg kg™'), and so the erucic acid in the breads 
can be assumed to be derived from the rapeseed oil applied 
just before baking. The breads analysed included plain and 
fancy rolls, and standard loaves of white, brown, whole- 
meal, rye, kibble wheat, soy flour-wheat and starch-reduced 
breads. The breads were dried and ground, and a sample 
(20 g) was extracted with solvent to remove the lipids which 
were saponified and methylated’, and analysed by flame 
ionisation gas chromatography using a 10% DEGS-PS on 
Supelcoport (80/100) glass column at 190 °C with a carrier 
gas flow rate of 20 mi per min of nitrogen. 

Measurements were also made of the distribution of 
erucic acid throughout a single loaf. Table 1 shows that 
most of the erucic acid was present in the outer layer 
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Table 1 Distribution of erucic acid in a bread loaf (15 cm high) 





Position in loaf mg erucic acid per kg 


Base-0.2 cm inte loaf 9,550 
3,320* 
0.2-1.0 em 1,760 
1.0-3.0 cm 50 
3.0-7.5 cm (centre of loaf) 40 


*Overall value for bread from base to 1.0 cm. 


although some was found in the centre of the loaf. If these 
gradients can be applied to all loaves, then the crust slice 
(Icm thick) would contain appreciable amounts of erucic 
acid and range from about 0.15 to 1.0% (w/w) of the 
crust. 

Although much information has been obtained during the 
past 5 yr on the effects of erucic acid on animals, negli- 
gible data are available on its toxicological effects on man, 
and so it has been difficult to set meaningful levels of 
erucic acid permissible in human diets. An acceptable 
daily intake of rapeseed oil has been estimated to be 30 mg 
per kg of body weight", which is equivalent to about 12 mg 
of erucic acid per kg. Our data show that an adult would 
achieve this intake if of the order of Ikg of bread was 
eaten per day, although more than half the daily allowance 
would be supplied by two crust slices. Children, however, 
could receive more than their total allowable intake with 
only two crust slices. Thus, the use of rapeseed oil as a 
release agent in the baking industry leads to contamination 
of the product with erucic acid of a magnitude sufficient 
to cause concern for public health. The continued use of 
this substance on bread should therefore be reviewed. 
There are rapeseed oils readily available on the international 
market with low erucic acid contents (<1% Y and these 
could be investigated for use in the baking industry. It is 
probable, however, that the viscosity of these oils would not 
be as desirable as that of high-erucic rapeseed oils, in which 
case, blending with other components would be necessary. 


R. B. H. Wus 
M. WOOTTON 
G. HOPKIRK 

School of Food Technology, 

University of New South Wales, 

Kensington, Australia 2033 
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Suppression of adenocarcinoma 
by the immunological 
consequences of calorie restriction 


EARLIER extensive studies have indicated that calorie re- 
striction as well as protein and amino acid restriction inhibit 
the spontaneous development of mammary or lung adeno- 
carcinomas, hepatomas and certain chemical carcinogen-induced 
tumours in rodents'. Jose and Good’? and Cooper et al.” 
have shown that chronic moderate protein deprivation in mice 
and rats dramatically depresses antibody production while 
increasing, or permitting maintenance of, vigorous cell-mediated 
immune responses. The latter include abilities to resist virus 
infection, reject skin allografts and develop killer-cell activity 


Nature Vol. 263 October 7 1976 


505 





Table 1 Rate of appearance of mammary tumours (MT) and mortality int C3H female mice given diet with normal or restricted calories 
ee a Ne rae ee ee ee ee 


No. of mice dead with a o Total 
ays dead 
Calories per day 101-200 201-300 301-400 ‘ 401-500 501-600 MT/Total Ve 
16 0 0 AIS 7/11 1/1 12/17 71 
10 0/4 0 0/4 0/4 0/6 0/18 0 





against syngeneic and allogeneic tumour cells. More profound 
chronic protein deprivation, however, depresses both cell- 
mediated and humoral immunity’*®. Walford ef a/.1*1! have 
shown that calorie restriction delays development of immune 
functions at an early age but prolongs maintenance of immuno- 
logical capacity and survival in long lived, tumourt-free mice. 
Further, Fernandes ef al.12 have shown that dramatic pro- 
Jongation of life of autoimmunity-prone, short lived mice was 
produced by life-long calorie restriction, and that tumours did 
not appear in these mice. Although some of the findings clearly 
link moderate protein and calorie restriction to heightened 
cellular immunity, no definitive efforts have yet been made to 
compare directly the influence of dietary restriction on spon- 
taneous tumour development and immunological functions. 
This report presents observations on the influence of calorie 
restriction on development of spontaneous mammary adeno- 


the development of spontaneous mammary adenocarcinoma 
in the female C3H/Ume mice, and more than 50% of them 
lived longer than 400 d. In contrast, 71% of the control group 
of female C3H/Umc mice on the normal (16 calories) diet 
developed mammary tumours by 500 d. 

In Table 2 a comparison of mitogen response studies carried 
out by using the technique described previously! is presented 
for the spleen cells obtained from mice on the two diets. 
Responsiveness of spleen cells to optimum concentrations of the 
T-cell lectins, phytohaemagglutinin (HA17) or concanavalin A 
(con A) was not only maintained on the low calorie intake but 
actually increased. The responses to the B-cell mitogen lipo- 
polysaccharide (LPS) were also maintained at a level at least 
equivalent to that achieved by spleen cells of mice in the control 
group. 

Table 3 summarises data comparing capacity to develop 





Table 2 The incorporation of 7H-TdR with and without mitogenic stimulation of spleen cells from normal and calorie restricted C3H/Ume 
3-month-old mice 


Cultures* c.p.m. of 7H-TdR (at optimum concentration of mitogenst) 
Calories per day (h) Controls +PHA (2.5 pg) +con A (.5 ug) +LPS (10 ug) 
16 48 770 +240 100,164 +11,327 76,834 + 16,825 42,018 +7,740 
72 467+170 74,369 +4,597 101,274+20,959 20,051 +-4,669 
10 48 1,636+ 194 144,018+ 11,087 103,752+10,354 43,122 +734 
T2 671 +226 80,712 +5,732 154,559 +6,218 21,360 + 1,836 





*0.5 x 10" spleen cells from 4 individual mice per pup cultured in RPMI-1640 media (triplicates) with foetal calf serum (2° 


at 37 °C in CO, and humidity in 3,040 microtest I 
well) for an additional 16h. 


for 48 or 72h 


tissue culture plates. Cultures were labelled with tritiated thymidine 7H-TdR (0.5 pCa per 


TSource of mitogens—PHA (HAI7), Wellcome; con-A, Sigma, LPS, Difco. 


carcinoma in mice and relates the suppression of tumour 
development observed to alterations in immune functions 
produced by calorie restriction at weaning. 

Four-week-old female C3H/Ume mice were fed diets com- 
prised of 22% casein, 33% dextrose, 33% starch, 5% corn oil, 
4% salt mixture and 2% vitamin mixture, as reported pre- 
viously***:!3, The protein-calorie-deprived mice were fed 10 
calories instead of the 16 calories eaten by the control mice, 
but in all other respects the diets were the same. The food was 
provided in conditions in which each mouse consumed its 
entire ration each day. The influence of this form of chronic 
calorie restriction on survival of C3H/Umc mice is shown in 
Table 1. In mice of this strain, calorie restriction did not 
significantly alter lifespan, even though calorie-restricted mice 
lived longer (3/18) than any of those in the control group. 
Table 1 shows that the diet low in calories completely prevented 


direct haemolytic plaque-forming cells (PFC) 4d following 
(intraperitoneal) immunisation with sheep red blood cells 
(SRBCs}*. After the primary stimulation, the number of direct 
PFCs developed in the spleens of mice on a low calorie diet was 
markedly depressed as compared with that of the mice in the 
normal calorie group. In contrast, after a secondary stimulation, 
the PFC formation was not significantly different in the two 
groups. Of interest was the finding that when the spleen cells 
of both groups were compared for ability to generate a secon- 
dary PFC response after injection into lethally X-irradiated 
(950 R) recipients, the sensitised cells from the calorie- 
deprived donors showed a greater number of PFC per million 
cells than was generated by spleen cells from sensitised mice 
which had been fed the higher calorie diet. Although several 
interpretations for this observation are possible, a likely 
explanation is that a suppressor cell population active in the 


eee 
Table 3 Influence of normal and caloric restriction on immune response to SRBCs in C3H/Ume mice 


Primary response* Secondary responset PFC response in X- 
(direct PFCs) (indirect PFCs} irradiated (950 R) hostt 
Calories per day 10° Spleen 10* Spleen 10* Spleen 
16 Men 10,131 41,123 eG 19,625 £9,223 95422 2,058 + 749 
À (10) 
10 woa 2,091 +984 J á 13,327 +2,409 190 +34 1,668 +404 
10 
Student’s ¢ test P < 0.01 P < 0.0! Ke NS P L oa NS 
eee 
l *Immunised (intraperitoneal) with 10 x 10° SRBCs for 4 d. 
oe muce for 7 d with SRBC were again immunised and PFC assay was carried out on day 4. 


Spleen cells (30 x 10* or 40 x 10*) from immunised oa) normal or low calorie mice were injected along with SRBCs into the lethally 


X-ırradiated 8-week-old mice fed a normal laboratory 


et. PFC assay was done on day 4 or 5 after injection. 


Figures in parentheses represent the number of mice tested in each group. 
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Table 4 Antigen induced inhibition of DNA @™IUdR)* synthesis in normal and calorie-restricted C3H 3-month-old mice 


PAREAN i iN Pl ANI BA NRA RRL i n uaaa hn rem Ir ae tN 





Body 
weight Injected 
Calories per day (g) with 
16 3142 Saline 
(6) 
16 324-2 SRBCs 
10 22 te ] Sal ine 
(6) 
(6) 





ee 


Spleen Per 100 mg 
weight spleen 

(mg) (c.p.m. -+$.e.) % change 
5442 2,115413 
7947 2,952 +406 +39 
48+3 3,112+36 
68 +3 1,8174174 -42 


#2 pCi of >1UdR (Amersham/Searle, specific activity 106 Ci pg’, Batch No. 294BA) was injected intraperitoneally 6 h after administration 
(intravenously) of saline or SRBCs. Twenty hours later mice were killed, spleens weighed and isotope incorporation was determined in a Gamma 


Counter (Nuclear Chicago). 


calorie-deprived host is not as effective as it was in the intact 
animal at inhibiting immune response to SRBCs after transfer 
to the lethally X-irradiated syngeneic recipients. The irradiated 
mice given sensitised spleen cells from the calorie-deprived 
mice showed no increase, however, in absolute number of 
PFCs per spleen (Table 3). This might be attributed to differ- 
ences in relative proportions of different subpopulations of 
donor cells and their capacity to migrate or to cooperate during 
the immune response in the spleen of X-irradiated host animals. 
The technique of Zatz and Goldstein’®, which may be one 
means to evaluate a population of suppressor T cells by their 
capacity to suppress DNA synthesis in vivo after injection of 
SRBCs, was then used to determine whether the suppressor 
T-cell influence is indeed excessive in the spleens of the calorie- 
deprived C3H/Ume mice. Table 4 shows that, by this analysis 
increased suppressor effect for this T-cell dependent response 
was also demonstrable in the calorie-deprived animals. [t can 
be seen from Table 4 that, whereas no suppressor-cell influence 
was demonstrable by this technique in the spleens of 3-month- 
old mice fed the normal calories, those fed the low calorie diet 
showed very marked evidence of T-cell suppressor activity. 
Our findings confirm those of several investigators! in 
showing that calorie restriction per se prevents development of 
mammary adenocarcinoma in highly susceptible C3H/Ume 
mice. They also show that moderate protein and calorie re- 
striction permits maintenance of a vigorous functional thymic 
cell population, as has been found with chronic protein depri- 
vation ® %13, Calorie restriction apparently also decreases the 
PFC response to T-dependent antigen in 3-month-old mice. 
That such a marked deficiency of PFC response to SRBCs is 
not due to the changes in the functional capacity of macrophages 
is suggested by data from a previous study® which indicated 
that macrophage function is normal in protein--calorie deprived 
mice, Perhaps this issue still needs to be studied more exten- 
sively. The basis of the humoral immunodeficiency in the 
primary response of the calorie-deprived mice might be 
associated in vive with an endocrine hypofunction™ which may 
permit a T-cell suppressive influence in the host. This interpre- 
tation is suggested by the observation that spleen-cell response 
in vitro to both PHA, con A and LPS was not altered by calorie 
deprivation, and that secondary PFCs in response to SRBCs 
are produced quite well when the previously stimulated spleen 
cells of the calorie-deprived animals are transferred into lethally 
irradiated hests. This postulated relationship is compatible 
with the recent evidence presented with “T-dependent” and 
‘*T-independent” antigens, suggesting that a T-cell population 
present either in adult or newborn spleens possesses the ability 
to recognise feedback signals, and makes a decision to suppress 
or enhance the immune response on the basis of the amounts 
and molecular form of antigen given either in a suppressive or 
non-suppressive environment 1, More direct evidence for an 
active suppressor-cell population in the calorie-deprived mice, 
as has been revealed in young NZB mice™, was then obtained 
by an assay which measures DNA synthesis in the spleen. The 
association of this immunological perturbation with resistance 


to mammary tumours and with the marked change in hormonal 
functions”! and their influence on target tissues or receptor sites 
of a host given a calorie-restricted diet deserves extensive study. 

An interesting possibility suggested but not proved by these 
findings is that T-suppressor cells might suppress directly the 
development of mammary cancer. This is a remote possibility 
but it should be studied directly. Another possibility is that the 
calorie-deprived mice whose lymphoid system is so much 
perturbed might lack the ability to develop still another form 
of suppressor cells. This latter cell type has recently been 
shown to occur in animals during tumour growth, and is 
implicated in the inhibition of cellular immune functions?***. 
The elimination of the development of such suppressor-cell 
activity and/or absence of serum-blocking factors*® by calorie 
restriction might facilitate the destruction of newly arising 
tumour cells by immunocompetent T lymphocytes and macro- 
phages. The nature and mode of such immunological alterations 
in relationship to dietary restriction remain unknown, and fur- 
ther studies are urgently required to elucidate the role of nutri- 
tional manipulations in susceptibility and resistance to tumour 
development in vive. Similarly, although these studies and 
previous investigations from our laboratories seem to suggest 
that immunity could be involved in the resistance to tumours 
produced by low calorie diet, much further study will be needed 
to elucidate these relationships. 
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Cancer Society, the National Foundation March of Dimes, the 
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Mechanisms of bone destruction in 
the development of skeletal metastases 


SKELETAL metastases are associated with progressive bone 
destruction but the pathogenesis is not well understood. I 
report here experiments which indicate that two principal 
mechanisms are involved. The first is mediated by osteoclasts 
and the tumour secretes a diffusable osteoclast activating 
factor; the second functions when the residual trabeculae 
are surrounded by the tumour cells. 

Several hundred specimens of bone, obtained at autopsy 
from the spines of 68 patients who died from various 
malignant diseases’, were fixed in neutral formalin and 
decalcified in 5% nitric acid until no residual calcification 
was seen radiographically. Sections were then stained with 
haematoxylin and eosin and examined microscopically. 

A suspension of VX2 carcinoma was obtained by finely 
dividing approximately 1 g of tumour in 5ml of 0.15M 
NaCl, producing approximately 2.5X 10° cells per ml. In 
the first group a 0.5-ml sample of the suspension was 
injected into one tibia or ilium of New Zealand white 
rabbits or on to the periosteal surface. With tibial implants 
(16 rabbits), the bone was exposed at operation under ether 
anaesthesia, and a fine drill hole, just large enough to 
accommodate a size 18 needle, was made through one 
cortex. The tumour cell suspension was injected well down 
the medullary cavity using a bent size 18 needle. In the 
first few experiments the hole was plugged with bonewax, 
but this was found to be unnecessary and was discontinued. 
Iliac implantation was made by percutaneous injection into 
the iliac crest (six rabbits) or into a hole drilled in the 
ilium at open operation (six animals); all the periosteal 
injections were percutaneous (12 rabbits). 

In half the animals 0.15 M NaCl was injected into the 
contralateral bone; in the others no operation was per- 
formed on this bone. The rabbits were killed at intervals 
from 24h to 8 weeks later, and specimens from both the 
injected and the contralateral bone were treated in the 
same way as the human necropsy specimens. In the second 
group of 33 rabbits, 1ml of tumour cell suspension was 
used by the other experimental details were the same. 


Fig. 1 Metastasis from prostatic carcinoma. There is considerable 

new bone formation (B) in the stroma of the tumour. Multiple 

osteoclasts (arrowed) can be seen, adjacent to areas of bone 
destruction ( x 96), 


pie 








Fig. 2 Section taken 24 h after the injection of VX2 carcinoma. 

Osteoclasts are prominent (arrowed) near the tumour mass (T), 

and each is associated with localised bone destruction. Osteo- 

blastic proliferation with new bone formation is also present 
(B) ( -~ 120). 


In the third group (four rabbits) the tumour cell 
suspension was placed in a diffusion chamber with a 
0.45-um Millipore filter, which was then implanted near 
the ilium but separated from it by normal muscle. In two 
of these rabbits a diffusion chamber containing saline was 
inserted on the contralateral side; the other two had no 
contralateral operation. The rabbits were killed 8d later 
and sections from the left and right pelvis were treated as 
described previously. 

In the fourth group, 4 ml of tumour cell suspension was 
injected percutaneously into the thigh muscle close to one 
femur, and the animals were killed 45-55 d later. Sections 
obtained from the distal and proximal tibiae and the 
femora were treated as described before. In addition, 
counts were made of the osteoclasts in each cross section, 
using a magnification of 200. At least two sections from 
each site were examined. 

Study of the post-mortem sections suggested that there 
were two distinct mechanisms for the bone destruction. In 
many instances the bone surface was lined by numerous 
osteoclasts with local resorption occurring in the lacunae 
around each osteoclast (Fig. 1). In other sections the bone 
edge had a trabeculated appearance, suggesting that this was 
due to osteoclastic lacunae, although no osteoclasts were 
seen in the lacunae. This occurred with all types of tumour. 
Osteoclastic proliferation and bone destruction were 
independent of the associated osteoblastic reaction and 
new bone production’. The osteoclasts were not part of 
the tumour mass, and usually fibrous reactive stroma filled 
the space between the edge of the tumour mass and the 
osteoclasts. Osteoclasts were seen when the associated bone 
destruction was not gross, but when there were only residual 
spicules of bone surrounded by tumour cells, osteoclasts 
were absent. 

The first change seen in the rabbits (at 24h) was 
osteoclastic proliferation separated from the tumour by a 
small amount of fibrous stroma (Fig. 2). Surrounding each 
osteoclast was a small lacuna with bone destruction. Some 
osteoblastic reaction with new bone formation was also 
seen at this stage. As the tumour grew, osteoclasts pro- 
liferated. As the tumour edge approached the endosteal 
surface of the cortex, localised destruction occurred in 
which osteoclasts were prominent. Once the tumour mass 
actually reached the endosteal surface of the residual 
cortex, osteoclasts were seen in large lacunae within the 
cortex. At this stage, there was periosteal new bone 
formation, associated with the osteoclastic proliferation and 
cortical bone destruction. When the tumour was injected 
on to the periosteal surface osteoclastic destruction of the 
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Fig. 3 Metastasis. Residual trabecula of bone (B) surrounded 
by tumour (T). Osteoclasts are absent ( < 96) 


cortex, extending from the periosteum to the endosteal 
surface occurred, the osteoclasts always preceding the 
tumour. 

The osteoclasts disappeared once the tumour had grown 
sufficiently large to envelop a residual trabecula of bone, 
but bone destruction continued (Fig. 3). In a few animals 
osteocytic osteolysis occurred in the tibial cortex, but this 
accounted for only a minute amount of the bone loss. 
Occasional infarcts were seen. They usually included bone 
as well as tumour, and were responsible for only a small 
amount of the total bone destruction. 

Tumour cells implanted in the diffusion chamber 
remained there as shown by subsequent histological 
examination. as did the normal muscle between the chamber 
and the ilium. Osteoclastic proliferation was seen on the 
periosteal surface and even in the medullary cavity. There 
was no osteoclastic proliferation on the contralateral side. 

Tremendous osteoclastic proliferation occurred in the 
femur when tumour cells were injected into an adjacent 
muscle. Their number diminished progressively as the 
distance from the tumour increased. There was no 


Fig. 4 VX2 cell suspension injected into the left thigh, and the 

number of osteoclasts per cross section of bone counted at various 

sites. The number progressively diminishes the more distal the 

section from the tumour. There is no osteoclastic proliferation 
on the contralateral side. 
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osteoclastic proliferation on the contralateral side (Fig. 4). 

These experiments suggest that destruction of bone 
associated with metastatic invasion involves at least two 
mechanisms, and possibly others of less importance. The 
initial mechanism, apparently the more important quanti- 
tatively, was mediated by osteoclasts. The difusion chamber 
experiments suggest that the tumour secreted a humoral 
factor which stimulated osteoclastic proliferation locally 
but not on the contralateral side. This was confirmed by 
the experiments with large amounts of tumour cell 
suspension implanted in the thigh muscle; the number of 
osteoclasts progressively decreased distally. Since the contra- 
lateral side was unaffected, the results indicate that if this 
substance enters the circulation, it is rapidly inactivated. 
Further experiments suggest that prostaglandins are in- 
volved’, 

The tumour cells seem to mediate late bone destruction 
by a mechanism not involving osteoclasts. Osteocytic 
osteolysis seems of little importance; it was found in the 
tibial cortex in only a few rabbits and caused only a minute 
amount of total bone destruction. It was not seen in the 
human necropsy material. Tumour proliferation may be 
associated with thrombosis of the vessels and ischaemia, 
but this was not a feature in the experimental animal or 
in the necropsy material. 

Previous studies have shown that skeletal metastases are 
associated with both new bone formation and destruction, 
which occur simultaneously’. There seem to be at least two 
mechanisms for the bone formation. When the tumour 
provides a suitable matrix for ossification, bone is laid 
down if osteoprogenator cells are available, for example, 
metastases from prostatic carcinoma, New bone is formed 
in all metastases once there is some bone destruction. This 
is similiar to callus repair after a fracture and may be due 
to stress on the weakened bone’. The present studies suggest 
that this occurs during osteoclast-mediated bone destruction. 
Once the destruction was gross and malignant cells sur- 
rounded the residual bone, no new bone was formed and 
no osteoclasts were seen. This may explain the occasional 
false negatives in skeletal scintigrams when X-rays demon- 
strate large lytic metastases—at this stage there is no re- 
active new bone to concentrate the bone-seeking isotope. 

This work was supported in part by a grant from the 
MRC. I thank Darrel Haynes and his staff, Nuffield Ortho- 
paedic Centre, and Barbara Doughty and Susan Rump, 
Royal Postgraduate Medical School, for technical assistance, 
the Medical Illustration Department at the Royal Post- 
graduate Medical School and Kathleen Prior for secretarial 
help. 
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Relationship of bone 
destruction in skeletal metastases 
to osteoclast activation and prostaglandins 


Two principal mechanisms seem to be responsible for the 
bone destruction associated with skeletal metastases. The 
earlier and quantitatively most important mechanism seems 
to be mediated by osteoclasts stimulated by material pro- 
duced by the tumour’. We now report evidence that this 
material is, or contains, prostaglandin. There are precedents 
for such a conclusion. Various tumours contain prosta- 
glandins’, which resorb bone in organ culture’. Prosta- 
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Fig. 1 The effect of indomethacin on osteoclast proliferation 

near the VX2 carcinoma. There is a marked reduction in the 

number of osteoclasts (per 100 possible sites) in the tumour- 

bearing tibiae but no change in the control tibiae. a, Control; 
b, treated with indomethacin, 
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glandin formation may explain the growth of dental cysts 
in the human jaw‘, and prostaglandin synthetase inhibitors 
reduce tumour-induced osteolysis’ and hypercalcaemia’‘, 

The experimental model used is good for investigating 
skeletal metastases. Approximately I g (fresh weight) of 
VX2 tumour, grown in the thigh muscles of donor New 
Zealand white rabbits, was finely divided by scissors in 5 ml 
of 0.15 M sterile NaCl, producing a suspension containing 
approximately 2.5 10° cells per ml. In 16 New Zealand 
white rabbits 1 ml of cell suspension was injected into the 
thigh muscle. Eight animals were given indomethacin 
7.5mg per kg body weight per d in their drinking water, 
starting at intervals varying from 7 d before tumour 
implantation to immediately after implantation. 

The other eight animals, paired with animals receiving 
indomethacin, served as controls. Each pair received 
tumour cells from the same donor and was killed simul- 
taneously. Tumours were examined for prostaglandins by 
homogenising weighed amounts in either Krebs’ solution (to 
indicate synthesising ability) or in 50% ethanol acidified 
to approximately pH 3 with formic acid (to indicate “basal” 
levels)". The prostaglandin-like material was extracted and 
assayed on the rat fundus strip preparation against prosta- 
glandin E: (PGE:,)*. Part of the extracted Krebs’ solution 
homogenate was characterised by AI solvent system 
chromatography using paper impregnated with silica gel” 
followed by bioassay. 

In 16 other rabbits 1 ml of tumour cell suspension was 


Fig. 2 X rays of tibiae removed 31 d after injection of VX2 tumour 
cell suspension. The tibia on the left is from the control animal. 
that on the right from the indomethacin-treated animal. There is 
a marked reduction in the amount of bone destruction in the 
indomethacin-treated animal. 
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injected into the proximal tibia through a fine drill hole 
which exactly fitted a bent 18-gauge needle. Half the 
animals were treated with indomethacin (7.5 mg per kg 
body weight per d in the drinking water starting 1-7 d 
before tumour implantation). Indomethacin-treated animals 
were paired with controls which received tumour from the 
same donor. Radiographs of the tibiae were taken at 
intervals and when each pair was killed simultaneously 
4-45 d later. Both tibiae were removed, fixed in formalin, 
decalcified in 5% nitric acid and embedded in wax. At least 
three histological sections, | mm apart, were cut from the 
proximal part of each tibia, and stained with haematoxylin 
and eosin. The osteoclasts were counted in each section 
using a cross-hatched eyepiece graticule and a magnifica- 
tion of 200: an osteoclast was counted if it lay under one 
of the cross hatches, but not if it lay between two cross 
hatches. Six hundred randomly selected sites were ex- 
amined in each section and the number of osteoclasts per 
100 sites was calculated. 

The animals drank the indomethacin-treated water and 
the dose of indomethacin required was achieved, In both 
experimental groups, the lungs at autopsy were filled 
through the trachea with 15%, Indian ink in distilled water 
containing | ml of ammonia per | of solution, removed 
and fixed in acetic acid—ethanol-formalin—distilled water 
(2:28: 4:66v/v). The pulmonary metastases, appearing as 
white areas on a black background, were counted on the 
external surface and in I-mm slices through each lobe. 
The statistical tests included the paired f test. 

High concentrations of prostaglandin-like material were 
extracted from the tumours from animals not receiving 
indomethacin (Krebs’ solution homogenates 4.73+1.06 
(s.e.jug PGE, equivalents per g; acid ethanol homogenates 
2.4+0.63 ug). The difference between these results is 
statistically significant (P<0.01). Tumours from indo- 
methacin-treated animals contained significantly less 
prostaglandin-like material (0.19+0.07 and 0.24+0.15 ug 
PGE: equivalents, Krebs’ solution and acid ethanol homo- 
genates respectively, both significantly less than controls, 
P<0.01). Paper chromatography of extracted Krebs’ 
solution and acid ethanol homogenates (nine and seven 
tumours, respectively) indicated that all the material was 
PGE,. The activity ran fractionally slower than authentic 
PGE., but pure PGE, added to the extracts (three experi- 
ments) was slowed to the same extent presumably due to 
extracted impurities. 

The number of osteoclasts in the tumour-bearing bone 
was significantly less in the indomethacin-treated animals 
(5.2+1.71 osteoclasts per hundred sites) compared with 
controls (11.1+2.13; P<0.05) (Fig. 1). The numbers were 
low in the contralateral tumour-free tibiae of indomethacin- 
treated (0.6+0.09 osteoclasts) and control animals 
(0.5+0.22 osteoclasts). X rays revealed that in the 
indomethacin-treated animals bone destruction was markedly 
diminished but not prevented (Figs 2 and 3). 

The number of pulmonary metastases tended to be higher 
(253+67) in the indomethacin-treated animals than in the 
controls (189+40), but the difference was not statistically 
significant (P>0.4). 

There is substantial evidence that secretion of prosta- 
glandin by the tumour cells contributes to the activation 
of osteoclastic bone destruction. The tumour seems to be 
able to synthesise substantial amounts of PGE, as judged 
by chromatography and bioassay. This supports the con- 
clusion of Voelkel et al. based on radioimmunoassay, the 
only difference being the amount of PGE.-like material 
present. We found 4.73+1.06 ug PGE, equivalents per g 
fresh tissue in our Krebs’ solution homogenates. This 
represents the “basal” amount present plus prostaglandin 
newly synthesised during homogenisation, less any in- 
activated. Our “basal” levels are indicated by the acid 
ethanol homogenates where enzyme activity is inhibited. 
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Fig. 3 X rays of tibiae removed 45 d after injection of the VX2 
cells. The tibia on the left is from the control animal, that on the 
right from the indomethacin- treated animal. There is a marked 


reduction in the amount of bone destruction in the latter. 


The “basal” values of 2.4+0.63 ug PGE: per g are surpris- 
ingly high compared with other tissues (for example, human 
breast'’’'?), Voelkel er al. call their level of 0.294+0.051 ug 
PGE: per g fresh weight “content”, but since this was 
obtained after homogenising in a balanced salt solution, it 
presumably includes newly synthesised material and should 
be compared with aqueous homogenates. Apart from bio- 
logical variation, their approximately 16 times lower levels 
might be due to losses during preparation and extraction 
(recoveries not stated); differences in time after implan- 
tation are unlikely to be important. Our studies confirm 
the findings of Voelkel er al. that feeding indomethacin to 
the rabbits greatly reduces the amount of extractable 
tumour prostaglandin. Although they looked at hyper- 
calcaemia whereas we looked at bone destruction, both sets 
of data strengthen each other. 

The reduction of the number of osteoclasts by indo- 
methacin can be explained by the blockade of prostaglandin 
synthesis which this drug produces”. The failure to eliminate 
all production of osteoclasts and bone destruction might be 


due either to incomplete inhibition of prostaglandin 
synthesis, or to the involvement of other osteoclast- 
activating material (for example, a  parathormone- 


like principle’). Furthermore, it is clear that bone 
destruction can occur without osteoclast involvement in 
late stages when the tumour cells surround the bone. It 
therefore seems likely that indomethacin or similar drugs 
would inhibit both the formation of human bone 
metastases, and their growth in the early stages. This 
supports the trial undertaken with benorylate in breast 
cancer patients with no evidence of bone metastases 
(personal communication from T. J. Powles), particularly 
as the synthesis of prostaglandin-like material by human 
breast tumours may be involved in the development of bone 
metastases’. Indomethacin has been used in the treat- 
ment of hypercalcaemia due to malignant disease’® but was 
not successful in advanced mammary cancer (T. J. Powles, 
personal communication). These metastases have not been 
examined histologically, but their radiological findings are 
consistent with stage IT disease’. 

In rats with Walker tumour, aspirin and indomethacin 
inhibited the hypercalcaemia and osteolysis, demonstrated 
radiographically, but not examined histologically’. There 
was no significant difference in the soft tissue deposits; the 
tendency for more pulmonary metastases in our experi- 
ments was not statistically significant, and indomethacin 
treatment did not alter longevity (unpublished data). These 
results do not support the suggestion™® that PGE: is immuno- 
suppressive and that indomethacin might retard tumour 
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growth. The formation of soft tissue metastases during 
treatment with indomethacin may have implications for 
treatment of bone metastases in human subjects, although 
it may not be appropriate to compare the effects of a 
massive injection of tumour cells into rabbits with a slower 
shedding of cells from human primary tumours. Presum- 
ably cells shed slowly from the primary tumour in the 
presence of indomethacin would not readily develop into 
skeletal metastases, but it remains to be seen whether they 
develop elsewhere. Chemotherapy would seem necessary to 
eradicate the tumour cells, and it might be desirable to treat 
the patients simultaneously with inhibitors of prostaglandin 
synthesis. 

This project was supported by a grant from the MRC. 
We thank Barbara Doughty, Susan Rump, Erica Charlier 
and lan Stamford for technical assistance, the Department 
of Medical Illustration, Royal Postgraduate Medical School. 
and Kathleen Prior for secretarial help. 
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Decreased renal prostaglandin catabolism 
precedes onset of hypertension in the 
developing spontaneously hypertensive rat 


WE have shown in kidneys from normotensive rats, that dramatic 
age-related changes take place in the catabolism, but not in the 
biosynthesis, of prostaglandins (PGs)'. Although PG catabolic 
enzymes were active in the late prenatal period, they rose to a peak 
(60-fold relative to the adult) around 19d postnatally, dropping to 
adult levels by day 40 (ref. 1). We have termed this period of peak 
activity of PG catabolism the ‘critical prostaglandin period’? 
Since the PG catabolising system is principally located in the 
cortex**, and since cortical maturation is almost entirely a 
postnatal event (during the first 4-5 weeks) supported by an 
intrarenal blood flow redistribution’, the sharp increase in PG 
catabolism implied an intrinsic requirement by the developing 
kidney to eliminate locally-formed or plasma PGs. PG catabolism 
possibly functioned as a protective measure! against the poten- 
tially harmful effects of the PGs which in this species possess potent 
vasoconstrictor properties’. We theorised that unless inactivated, 
these compounds could interfere with the redistribution of blood 
flow to the cortex and consequently with normal corticogenesis. 
We were therefore interested in investigating the activity of the PG 
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system in spontaneously hypertensive rats (SHR) at various stages 
of pre- and early hypertension to compare this activity with age- 
paired groups of control normotensive rats in an attempt 
to determine first whether an abnormality in the prostaglandin 
system exists, second, whether this abnormality appears around 
the ‘critical prostaglandin period’ and, third, whether this abnor- 
mality develops before or after the onset of hypertension. 

Litters (4-7 d) of male SHRs of the Wistar Okamoto~Aoki 
Strain and age-paired normotensive (NR) controls of the 
Wistar-Kyoto strain were purchased from Laboratory Supplies 
(Indianapolis) and housed in our animal quarters. Free access to 
food and water was provided. At various ages one rat from three 
SHR and three NR litters was killed. The kidneys from each group 
were combined and homogenised in twenty volumes of buffer 
(0.05 M KH:PO4-NaOH, pH 7.4). 

PG catabolism was assayed by the radioisotope- dilution 
method reported previously’. Briefly, 0.5 ml homogenate (cor- 
responding to 50 mg wet tissue, approximately 6.5 mg protein) 
was added to test tubes containing 5,6-7H,-PGF,, 
(500,000 d.p.m., New England Nuclear, specific activity 89 Ci 
mmol” ') containing 0, 1, 5, 10, 30 and 50 ug unlabelled PGF „and 
NAD (4 mM final concentration) and tubes were incubated for 
10min at 30°C. Ethanol (2.5 ml) was added to terminate the 
incubation and after centrifugation, the supernatant was transfer- 
red and evaporated to dryness in vacuo. Each sample was assayed 
qualitatively by radio thin-layer chromatography using 
chloroform—methanol—acetic acid—water (90:9:1:0.65 v/v) as de- 
veloping solvent (Re PGF2,=0.13; ISK-PGF2,=0.25, 1SK-H>- 
PGF 2, =0.36) and each product subsequently quantitated by 
scintillation counting as reported previously’. Protein in homo- 
genates was measured by the method of Lowry’. 

PG biosynthetic capacity was measured by mass fragmentog- 
raphy using the stable-isotope dilution technique’. An aliquot 
(10 ml, corresponding to 0.5 g wet tissue, approximately 65 mg 
protein) of the same homogenate was incubated with excess 
arachidonic acid (100 ug g~') 10 min, 37 °C in an oxygen atmos- 
phere. The incubation mixture was acidified to pH 3 with 0.5 N 
HCI and diethyl ether was added (10 volumes). A mixture of 
3,3,4,4-tetradeuterated PGE,, PGF,, and 15-keto-13,14- 
dihydro-PGF;,, (1 ug each) was added followed by a mixture of 
high specific activity 5,6-tritiated PGE,, PGF,, and 15-keto- 
13,14-dihydro-PGF ,, (500,000 d.p.m. each, approximately 0.7 
ng). After extraction, conversion to methyl esters and purification 
by thin-layer chromatography (R, PGF, Me = 0.28; 
PGE,Me = 0.40; ISK-H,-PGF,, Me = 0. 48), each compound 
was quantitated as described previously®. 

Table 1 shows the PG biosynthetic and catabolising capacity of 


Fig.l a, Age-dependent difference between the renal PG 
catabolising activity of spontaneously hypertensive rats (SHR) with 
respect to normotensive rats (NR); see text for experimental 
procedure. b, Mean arterial blood pressure measurements in SHR 
and NR rats at three ages. Values represent the mean of two 
experiments. Rats were anaesthetised with Inactin (100 mg kg~') 
and blood pressure was monitored by means of a Statham pressure 
transducer attached to a cannula in the carotid artery. 
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Table 1 Renal biosynthesis and catabolism of PGs by the normotensive 
(NR) and spontaneously hypertensive (SHR) male rat at various ages 
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18-PGDH PGE- + PGF aa 
Age ng per min per mg protein ng per g tissue per 10 min 
4d NR 76.5 
SHR 100.1 
17d NR 221.6 380 
SHR 124.2 460 
49d NR 8.9 1,620 
SHR 6.9 2,120 
Aduit NR 7.6:6.5 1,520 
SHR 2.9;2.7 2,440 
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homogenates of kidneys from SHR and NR rats at four different 
ages. As observed previously! 15-PGDH catabolising activity 
varies immensely with age (about 60-fold around 3 weeks with 
respect to the adult) whereas the biosynthetic activity does not. 
Although the combined levels of PGE, and PGF», at i7d are 
approximately 20-30°% of the adult, this difference can be largely 
explained by the high catabolising activity at 17d. On the other 
hand, by comparing the relative capacities of 15-PGDH and the 
biosynthetic systems between NR and SHR rats itis evident that 
after 17d of age the SHR rats possess lower renal catabolic 
activity. This is also supported be the apparent higher biosynthetic 
activity of SHR rats (Table 1). 

The progressive difference between renal 15-PGDH activity in 
SHR and NR rats can best be seen in Fig. 1, Renal 15-PGDH 
activity in male adult SHR is approximately 40°, of that found in 
NR. Before | week of age, SHR renal 15-PGDH activity is. greater 
than NR decreasing to adult levels shortly after by 3-6 weeks. On 
the other hand, although no blood pressure diflerences are 
observed between the two types of rats.at 3 weeks of age, differences 
become evident around 7 weeks of age. [tis interesting that around 
this time a spurt in 15-PGDH activity occurs but this quickly 
returns to adult levels by 10 weeks of age. 

The pattern of decreased 15-PGDH activity with age might not 
be typical of all types of hypertension. Armstrong e7 a/.'” reported 
similar observations as ours with adult genetic hypertensive rats 
(GH) of the New Zealand strain but they failed to observe any 
differences with the Japanese spontaneous hypertensive rat. 
Unfortunately these authors did not carry out ontogenetic studies 
with either one of these strains, nor did they provide an indication 
of the types of PGs formed by these rats. 

Our experiments demonstrate that (1) an abnormality in renal 
PG catabolism (Fig. 1) is evident in SH rats of the Wistar 
Okamoto—Aoki strain. (2) This abnormality develops in the 
pre-hypertensive stage reaching the adult level before the 
appearance of an elevation in blood pressure (3) higher PG 
biosynthetic capacity is observed in adult SHR than NR, but this 
reflects the lesser 15-PGDH activity. Thus it is possible that the 
hypertension that develops around 5-7 weeks of age in SH rats is 
due to renal ‘damage’ resulting from the inability to degrade 
effectively PGs especially during the ‘critical prostaglandin 
period’. 

The supply of deuterated and undeuterated PGs by Drs U. Axen 
and J. E. Pike of the Upiohn Company, Kalamazoo is acknow- 
ledged. This research was supported by a grant from the MRC of 
Canada. All mass spectrometry was performed or the MRC 
regional instrument at the Best Institute, by Mr L. Marai. I thank 
Miss Zdenka Domazet and Mrs Godha Rangaraj for their expert 
technical assistance and Dr Maria Carrara for the blood pressure 
measurements at the Banting Institute, Toronto. Part of this study 
was recently presented at the FASEB meetings in Anaheim, 
California, April 12—16, 1976 (see also ref. 11). 
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Transformation of thymocytes by 
thymus epithelium derived from AKR mice 


Type C RNA viruses result in the appearance of lymphomas 
anc leukaemias when injected into genetically susceptible 
strains of mice!. The relationship between the murine leukaemia 
viruses (MuLV) and their target cells in the induction of 
leukaemia remains, however, incompletely defined. Although 
MuLV viruses are ubiquitous in the tissues of many mouse 
strains and are present throughout the life of the animal, they 
transform specific haemopoietic cell types into leukaemic cells 
only after a relatively long latent period?~*. This suggests that 
leukaemia is not caused by the virus alone but that a special 
interaction exists between viruses and target cells in a particular 
stage of differentiation and maturation. 

The target cells of thymotropic MuLV such as radiation 
leukaemia virus and Gross virus seem to be thymocytes and/or 
prothymocytes, since the transformed cells have many T- 
lymphocyte characteristics and they first appear as neoplastic 
foci in the thymus®~*. That differentiation events are important 
in leukaemogenesis is suggested by changes in the mitogen 
responsiveness of thymocytes during the latent period before 
the onset of disease and by change in the relative amounts of 
cell surface Thy 1 and H-2 antigens in both the spontaneous 
AKR- and radiation-induced C57BL mouse leukaemia 
models? ~!!. In both of these systems the incidence of leukaemia 
is dramatically reduced after thymectomy, which demonstrates 
the central role played by the thymus!®!%, The thymic micro- 
environment may therefore be involved directly or indirectly, 
through factors released by the epithelium, in the induction 
of leukaemia by MuLV. 

In earlier studies we have used cultures of pure thymus 
epithelial cells (TE) to simulate the thymic microenvironment 
in vitro to study the induction of differentiation of precursor 
cells into mature T lymphocytes™ 1#, In the studies reported 
here, we used TE cultures to investigate the contribution of the 
thymic microenvironment to leukaemogenesis in vitro. 

To analyse the role of target cell differentiation as a cofactor 
in leukaemogenesis we have used lymphoctyes naturally in- 
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Table 1 Survival of AKR/J mice receiving syngeneic 6-week-old 
AKR/J thymocytes cultured on thymus epithelium from aged mice 
ee ae ae kk Nia el et a ee ee 


Survival of 6-week old 


Inducing monolayers AKR/J recipientst 


MEF (AKR/J)* 264+-63 d 
Kidney epithelium (KE) (4 weeks) 251-69 d 
KE (> 24 weeks) 243 + 74 d 
Thymus epithelium (TE) 256-70 d 
TE (> 24 weeks) 46.8 -6.9 (31-61) 


*Mouse embryonic fibroblasts. 
+Survivals are reported as the mean + s.d. | 
Thymocytes obtained from 6-week-old female AKR/J were cultured 


short latent period with a mean survival of 46.8-6.9 d. The range 
was between 31 and 61 d. The animals in the control groups did not 
begin dying of leukaemia until after 150 d. 
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fected with MuLV as targets for differentiation signals produced 
by TE. The AKR mouse provides a suitable model since 
MuLV (Gross type) has been detected in all cell types tested 
in this strain from before birth'*. AKR mice develop leukaemia 
with 90° incidence only after they are 24 weeks old". The 
AKR model would therefore allow us to study the role of 
differentiation and maturation of target lymphocytes while 
avoiding the need to add exogenous MuLV. 

The experimental design was to culture TE cells from young 
non-leukaemic and aged AKR/J mice and to test the ability 
of these TE cells to transform naturally infected young AKR 
lymphocytes into neoplastic cells in vitro. The technique of 
TE cell culture has been published in full elsewhere'’. Briefly, 
thymuses were removed asceptically, minced, and treated with 
trypsin-EDTA solution (GIBCO) and collagenase (Worthing- 
ton Biochem). The cells were grown in monolayer culture in 
Dulbecco’s modified Eagle’s medium containing 15% foetal 
calf serum (FCS). Control monolayers consisted of kidney 
cells, from young and aged mice, as well as embryonic fibro- 
blasts. 

Thymocytes obtained from 6-8-week-old AKR/J mice 
were cultured together with supporting cell monolayers listed 
in Table 1 for 48h. The thymocytes were collected from the 
culture dishes by gentle pipetting of the monolayer surface 
with Hanks’ balanced salt solution (HBSS). In this way the 
monolayers are not disrupted and supporting cells are therefore 
not transferred along with the thymocytes. To ensure this, the 
culture dishes were each examined microscopically after the 
thymocytes were removed. The thymocytes were then washed 
in HBSS and resuspended in phosphate-buffered saline for 
injection into 8-week-old syngeneic recipients. Thymocytes 
cultured on TE monolayers from aged (more than 24 weeks old) 
AKR mice and then transferred into syngeneic recipients 
killed these animals after a short latent period. The animals died 
of lymphoma and leukaemia between 31 and 61 d after injection, 
as evidenced by splenomegaly, lymphadenopathy, and leu- 
kaemic nodules in the liver at post-mortem pathology. TE of 
aged AKR mice were effective in inducing leukaemia whether 
or not they were derived from the thymuses of overtly leukaemic 
mice. In contrast, thymocytes cultured on TE obtained from 
4-week-old AKR mice did not kill the syngeneic recipients, 
and these animals died of spontaneous leukaemia only after 
24 weeks of age as did uninjected control AKR mice. Also, 
as shown in Table 1, cultures of embryonic AKR fibroblasts or 
kidney epithelium from young or old, overtly leukaemic mice 
were unable to shorten the latent period. 

These results indicated that the injection of the donor thymo- 
cytes led to the appearance of leukaemia in young syngeneic 
recipients. It was possible, however, that the leukaemia itself 
originated in the recipient mice and the leukaemogenic process 
was only hastened by the injection of the donor thymocytes. 
It was therefore necessary to ascertain whether true leukaemo- 
genesis of the donor thymocytes had been induced in vitro. 

We used AKR thymocytes with different alleles of the Thy ! 
genetic marker to establish whether the recipient animals died 
of leukaemia or donor or host cell origin. AKR/J thymocytes, 
bearing the surface antigen Thy 1.1, that had been cultured on 
TE cells were injected into 8-week-old AKR/Cu mice whose 
T lymphocytes bear the Thy 1.2 alloantigen. In every AKR/Cu 
mouse studied the majority of the leukaemic cells in their 
spleens were positive for Thy 1.1, showing the disease to be of 
donor rather than host cell origin (Table 2). When AKR/Cu 
(Thy 1.2) thymocytes were cultured on TE for 48h and in- 
jected into AKR/J (Thy 1.1) mice, the spleens of the recipients 
contained Thy 1.2 positive leukaemic cells (Table 2). 

The genetic origin of the TE cells whether from AKR/J 
(Thy 1.1) or AKR/Cu (Thy 1.2) did not determine the Thy ł 
alleles of the leukaemic cells (Table 2). This argues against the 
possibility that the leukaemia was derived from the old TE 
cells themselves or from thymocytes that could have originated 
from the old AKR mice from which the TE cells were obtained. 
We concluded therefore that the leukaemia cells developing 
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Table 2 Donor origin of transformed leukaemic cells in vitro 





Donor thymocytes Inducing TE cells from Thy 1 type on leukaemic spleen cells 

Thy | 24+- -old AKR mice l % Thy 18.6. 
Strain Allele Strain Allele Recipient Thy 1.1 Thy 1.2 
AKRJJ Thy 1.1 AKR/J Thy 1.1 AKR/Cu 83+1.2 840.5 
AKR/J Thy 1.1 AKR/Cu Thy 1.2 AKR/Cu 80+0.9 6+0.5 
AKR/J Thy 1.1 AKR/J Thy 1.1 AKR/J 7141.6 5+0.9 
AKR/Cu Thy 1.2 AKR/J Thy 1.1 AKR/J 9+0.8 T9+1.7 
AKR/Cu Thy 1.2 AKR/J Thy 1.2 AKR/Cu <3 87+1.4 
AKR/Cu Thy 1.2 AKR/Cu Thy 1.2 AKR/Cu <3 78+1.7 

Thymocytes obtained from 6-week-old female J or Cu mice were cultured together with thymus epithelium from AKR/J or 


AKR/Cu mice more than 24 weeks old in RPMI | 


+15% foetal calf serum-+2-mercaptoethanol. Thymocytes were collected y ey 


pipetting the monolayers with Hanks’ balanced salt solution. The thymocytes were resuspended in phosphate-buffered saline and 5x1 


were transferred to 8-week-old AKR/J or AKR/Cu mice by mtravenous injection. Bach 
after 30 d and cytotoxicity experiments were performed on indrvidual 
and the cell concentration was adjusted to 5 x 10° viab 


up contained 30 animals. Fifteen animals were killed 


leens with anti-Thy 1.1 and anti-Thy 1.2 sera. Single-cell suspensions 


cells mi~ with a final concentration of antisera at 1:8. Guinea pig 


were prepared 
a en was added after 30 min at a concentration of 1:4. Percentage viable cells was determined by Trypan blue exclusion. The results 
are reported as the means +83.0. of the maximum cytotoxicity of individual spleens 


Also 15 animals from each 


show that in each group the ic cells were of donor rather than 


in the recipient mice originated from the donor thymocytes 
which had been incubated with the TE cells. Thus, the TE cells 
induced leukaemic transformation of young thymocytes 
naturally infected with MuLV. 

Did the cultured thymocytes actually become leukaemic 
during the in vitro culture period? Did the TE cells provide a 
signal in itself sufficient for leukaemic transformation, or did 
they merely initiate a process that required further differentia- 
tion stimulated in vivo by the thymuses of the recipient mice? 

To study these questions we performed thymectomy of 
recipient mice and injected them with donor thymocytes which 
had been cultured on TE cells. As shown in Table 3, we found 
that the donor thymocytes could manifest loukaemia even in 
thymectomised recipients. This finding suggests that the 
induction of leukaemia was initiated by contact with TE cells 
cultured ‘m vitro and that continued contact with a thymus 
in vivo was unnecessary for leukaemic transformation. Thus 
48 h or less of contact with TE cells in vitro was sufficient for 
triggering of bukaemogenesis. 

In the present study thymus epithelium from aged AKR/J 
mice has been shown to initiate directly leukaemic trans- 
formation of thymocytes in vitro, in the absence of any added 
MuLV. When TE cells are injected into mice either sub- 
cutaneously or under the kidney capsule no tumour is formed. 
Injection of TE cells does, however, induce leukaemia in the 
reciptent animals. Here the transformed cells are of host rather 
than donor origin. Mice receiving TE cells from old AKR 
mice die of lymphoma and leukaemia between 3 and 5 weeks 
(S. D. Waksal, in preparation). a 

What is the mechanism of this loukaemogenesis? Other 
tissues of aged AKR mice such as kidney epithelial cells contain 
replicating MuLV particles and yet were unable to transform 
thymocytes in vitro. In fact the target lymphocytes themselves 
already contain similar MuLV. Therefore, leukaemogenceis 
must involve more than the mere transfer of such viruses. 

It has been shown that the thymus has an important role in 
this disease, since thymectomy up to 5 months of age can 
markedly inhibit the incidence of the disease in AKR mice. 
The thymus is responsible for the differentiation and maturation 
of thymocytes and thymus-derived lymphocytes. The target cell 
for both normal thymic activity and leukaemogenic trans- 
formation seems to be the prothymocyte or thymocyte 1%., 
Thus the target cells of the leukaemogenic process might have 
to be in a critical stage of differentiation to be susceptible to the 
transforming potential of the MuLV with which they are already 
infected. The TE cells could activate leukaemia by inducing 
this necessary stage of differentiation. In support of this concept 
is our finding that mature lymph node lymphocytes cannot be 
transformed into leukaemic cells by old TE in vitro (S. D. 
Wakesal, unpublished results). Such lymphocytes which have 


up were studied for survival. DA of the mice in each group died after a short latent period. The results 


origin 


already passed through the thymic microenvironment are also 
refractory to further differentiation caused by the TE cells 
in vitro (S. D. Waksal eż al., in preparation). 

Leukaemic transformation of lymphocytes or their pre- 
cursors has also been achieved in vitro using Abelson virus™ 13, 
Here too the state of target cell differentiation seems to be 
important since the target cells used for transformation are 
either lipopolysaccharide-stimulated spleen cells or foetal liver 
cells. The former population contains B lymphocytes non- 
specifically triggered to differentiate and the latter a population 
of cells which contain precursors differentiating into B 
lymphocytes. 

It is, however, unlikely that a normal differentiation signal is 
the sole contribution to leukaemogenesis of the TE cells in our 
system. TE cells obtained from young AKR mice are capable 
of inducing the normal differentiation of thymocytes into T 
lymphocytes but do not provide the leukaemogenic signal 
(Table 1). Other factors must, therefore, distinguish old from 
young thymus epithelium. Such factors might include 
mechanisms which allow the endogenous MuLV to become 
leukaomogenic within the thymic microenvironment. There may 
also be a requirement for a second helper virus or viruses which 
replicate in the TE cells to produce leukaemogenesis in com- 
bination with the Gross-type MuLV. TE cells from aged AKR 
mice have significantly higher levels of replicating MuLV than 
TE cells from young mice. This has been observed using 





Table 3 Effect of th omy on survival of AKR mice receiving 


syngeneic 6-week-old AKR/J thymocytes transformed by TE cells 
in yitro ' 
Survival 
Inducing monolayer (AKR/J) ATx rectpientt 
Kidney epithelium i weeks) > 285d 
Kidney epithelium ( >24 weeks) > 330d 
TE iS weeks) > 330d 
TE (> 24 weeks) 44+6.9 d (32-53) 


*Thymocytes from 6-week-old female AKR/J mice were cultured 
together with the inducing monolayers for 48h. The th es 
were collected by gentle pipetting of the monola surfaces and 
5x 10* cells were transferred into groups ontang. 35 syngeneic 
8-week-old recipients. Each recipient had been thymectomused at 
eee which had been adult thymecto- 
mised but no transferred cells developed lymphoma with 
latent period of 187 days. AKR/J mice which had been thymectomised 
and received th cultured together with TE monolayers 
from AKR/J mice over 24 weeks old died of homa after a rt 
latent penod (44+6.9 d) with splenomegaly an lymphadenopathy. 
Only 2 ani in the control adult thymectomised groups died of 
leukaemia. The other control mice were still alive beyond days 
listed in Table 3. 

TSurvrval of the last group is reported as the mean survival +s d. 
with a range of 32-53 d. 
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fluorescent anti-MuLV. These higher levels of virus may be 
critical in the development of leukaemia. These viruses might 
include the AKR xenotropic virus?*, which has been shown to 
appear only in TE cells derived from AKR mice older than 
24 weeks. 

The TE would then serve a dual role in the aged AKR; to 
trigger the cell into a susceptible state of differentiation and to 
supply the additional factors needed to initiate leuakaemogenesis. 
Leukaemogenesis therefore seems to involve two or three 
distinct phases: (1) the infection with MuLV; (2) the necessary 
state of target-cell differentiation; and/or (3) additional un- 
known factors present in TE cells of aged AKR mice necessary 
to trigger leukaemic transformation. At present it is not possible 
to distinguish between the second and third possibilities. The 
long latent period needed for leukaemogenesis in the intact 
mouse might be required to generate such additional factors as 
the AKR xenotropic virus in the thymic microenvironment. 

The in vitro system presented here makes feasible an analysis 
of the interactions of these factors in leukaemogenesis. 
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Hormone-dependent haematopoiesis 
in fibroblast-transformation ossicles 


SuBCUTANEOUS transplantation of coarse powders of acid- 
insoluble matrix of the shafts of long bones of rat to 
allogeneic recipients results consistently in the formation 
of new bone through endochondral ossification’. Haema- 
topoietic bone marrow develops in the newly formed ossicle 
in adolescent rats’? and this experimental model is amen- 
able to an investigation of hormonal control of initiation of 
haematopoiesis. Erythropoiesis is dependent on pituitary 
hormones’ since hypophysectomy resulted in anaemia in 
all animal species which have been studied. Hypophysec- 
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Fig. 1 Photomicrographs of histological sections of trans- 
formation ossicles from control (a) and hypophysectomised (b) 
rats stained with haematoxylin and eosin. a, Haematopoietic 
cells on day 26 in a control rat. b, Scattered basophilic cells in a 
hypophysectomised rat. Hypophysectomy on day 0 ( x 250). 


tomy caused a prompt regression of many stem-cell erythro- 
blastic leukaemias in rat*, We now report the profound in- 
fluence of hypophysectomy on de novo erythropoiesis in 
matrix-induced transformation ossicles. 

Dehydrated diaphyseal shafts of rat femur and tibia were 
comminuted and sieved. Powders with particle sizes of 
74-420 nm were demineralised with 0.5 M HCI and ex- 
tracted with water, ethanol and ether as described in ref. I. 
This preparation is designated as ‘transformant of fibro- 
blasts (TF). Male rats, age 35-37 d, of Long-Evans strain 
were anaesthetised with ether. In sterile conditions TF 
(25-30 mg) was transplanted as a compact deposit into a 
subcutaneous pocket prepared by blunt dissection. The in- 
cision was closed with a metallic clip. As previous studies’ 
have established the superiority of the thoracic site over 
that of the abdominal site for erythropoiesis, transplants 
were confined exclusively to the former anatomical location. 
In each rat there were two bilaterally symmetrical sites in 
the upper thoracic region. The day of operation was de- 
noted day 0. Hypophysectomy was performed by D. Otway 
of the Hormone Assay Laboratory, Chicago, on day 0 
unless otherwise indicated in the tables. At the time of 
collection of the transformation ossicles, the rats were 
anaesthetised and exsanguinated by cardiac puncture with 
a 19-gauge hypodermic needle followed by decapitation. 
The ossicles were dissected out and weighed. The weights of 
testis and spleen were recorded to confirm the complete- 
ness of hypophysectomy. The body weights of all the 
animals were recorded three times a week. The hypophy- 
sectomised animals lost weight whereas the control rats 
gained 3-4 g per day. 

The histological sequences in response to subcutaneous 
implantations have been described in detail?’ and consist 
of the following stages in the control rats. On day 1 a 
planoconvex, button-like plaque was formed; it is a con- 
glomerate of TF, fibrin network and polymorphonuclear 
leukocytes. On day 3 the plaque consisted of TF and in- 
vading fibroblasts. By day 4 there was close-range matrix- 
membrane interactions’ and chondroblasts emerged on 
day 5 for the first time. Chondrocytes were abundant on 
days 7 and 8. With the incursion of capillaries on day 9 
there began chondrolysis and osteogenesis. By day 12 an 
osseous conglomerate with cavernous spaces had formed. 
On day 14 extravascular islands of dark-staining haemo- 
cytoblasts were evident. With progressive differentiation 
the entire ossicle was filled with haematopoietic bone 
marrow replete with cells in the erythrocytic and granulo- 
cytic series and with megakaryocytes by days 23-25 (Fig. 
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Table 1 Influence of hypo 
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physectomy on alkaline phosphatase and “Fe incorporation in transformation ossicles, femoral bone marrow and 
ken 


S a a a 
%Fe incorporation (c.p.m. per mg tissus) 
Bone marrow 


Alkaline phosphatase U g~? 


Transformation ossicles Transformation ossicke Spleen 
Day Control Hypox Control Hypox Control Hypox Control Hypox 
045 38.743" — — — — — — 

1 73.642 $034" TI+35 <i 1,671 +198 442+120* 259 +47 28 +9* 

25 29.8+3 45.6+2* 334+49 1+0.3 1,756+147 971+113* 486 +43 20+3* 

28 29.8+2 41.7+3* 579 +80 9 +0.4 2,541 +131 553 +95* 1,030 +138 30-9" 
Alkaline phosphatase and "Fe incorporation into protein-bound haem was determined as described earber*. All numbers represent mean +83.6. 

of 8 observations. 
*Significant difference from control. 


1a). Collection was routinely carried out on days 27-31 in 
our experiments, as haematopoiesis became fully functional 
at that time. 

Bone formation was assayed by measuring the activity 
in the transplantation ossicle of alkaline phosphatase, an 
enzyme known to be intimately associated with ossification’. 
Hypophysectomy (hypox) delayed but did not prevent the 
formation of the osseous conglomerate. The maximal con- 
centration of alkaline phosphatase, ~ 60 Ug”, was similar 
(Table 1) in the ossicles of intact and hypox hosts. But the 
peak of enzyme activity in intact rats was attained on day 
10 whereas in hypox rats, the concentration of alkaline phos- 
phatase in the ossicles was a maximum (Table 1) on day 21. 

Hypophysectomy profoundly inhibited the development of 
haematopoiesis. On day 27, the transplantation ossicles in 
normal hosts were dark red with an abundance of maturing 
blood cells (Fig. 1a). In contrast, the ossicles in hypox rats 
were pale pink in the gross on day 27 and the marrow con- 
sisted exclusively of scattered individual basophilic cells 
(Fig 15), presumably haemocytoblasts; maturation of 
blood cells was absent. The incorporation of “Fe into 
protein-bound haem, an indicator of erythropoiesis, was 
barely detected in transformation ossicles of hypox rats and 
was significantly lower than the controls in the femoral 
bone marrow (Table 1). The spleen of hypox rats was tiny 
and pale pink in the gross; the spleen of control rats was 
larger and had a dusky red colour (Table 2). The “Fe 
incorporation in the spleen was significantly depressed 
following hypophysectomy (Table 1). 

In another series of experiments the day of hypo- 
physectomy was varied to determine if a delay in removal of 
the pituitary would improve the "Fe incorporation in trans- 
formation ossicle, bone marrow and spleen It was found 
that hypophysectomy 9 to 26d before collection resulted in 
a profound decrease in erythropoiesis as revealed by "Fe 
incorporation (Table 2). 

The results demonstrate that the onset of haematopoiesis 


Table 2 Decline of “Fe incorporation in transformation ossicles, 


femoral bone marrow and spleen following hypophysectomy 
“Fe incorporation (c.p.m. mg’) 
Hypophysectomy 

day Ossicle Bone marrow Spleen 
Hypophysectomised rats 

0 2+0.4* 179-+50* 10+1* 

8 1+0.4* 165+45* 10+1* 

12 4+2* 96 +39* 8+1* 

22 23+6* 297 +6* 1442* 
Control rats; no operation 

— 4084111 3247 +169 484 +95 





Control and hypophysectomised rats were littermates. Auto 
was performed 2631 d after transplantation of bone matrix. H xH 
physectomy was performed on the days indicated. “Fe inco adon 
mto protein-bound haem was determined as described’. values 
represent mean-+s.e. of 8 observations. 

*Significant difference from control. 


is critically dependent on pituitary hormones. The avail- 
ability of a hormone-dependent differentiating haema- 
topoietic system in post-foetal life makes it possible to inte- 
grate the factors regulating hormone-dependent and 
hormone-independent haematopoiesis. 
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Depletion of L-cell sterol 
depresses endocytosis 


Tse engulfment of droplets of fluid, from the sur rounding 
medium (endocytosis or pinocytosis), represents a phenomenon 
of the plasma membrane of many mammalian cellsi-*. The 
physiological significance of the process is not well understood 
although circumstantial evidence seems to suggest that it is 
necessary for normal functions of certain cell types. Steinman 
et al.“ have established the qualitative and quantitative aspects 
of endocytosis and have demonstrated that a variety of cells 
directly interiorise soluble proteins (for example, horseradish 
peroxidase) by invagination of the plasma membrane without 
previous binding of the proteins to cell-surface receptors. 
Cholesterol is a prominent constituent of the plasma membrane 
of mammalian cells, and its role in many complex functions of 
the cell membrane is just beginning to be understood. It buffers 
the ‘fluidity’ of the plasma membrane, increasing the viscosity at 
high temperatures and inpeding the transition into the gel state 
at reduced temperatures*-’. Through its action on membrane 
fluidity, or possibly more directly, it affects specific functions of 
the membrane such as ion transport and enzyme activities®. 
With these manifold effects of cholesterol] on membrane struc- 
ture and function in mind, we investigated the effect of altered 
sterol concentration on the ability of cultured cells to carry out 
endocytosis, to clarify further the role of cholesterol in mem- 
brane-dependent cytological functions. 

The procedures we used to investigate the role of membrane- 
associated sterol in endocytosis are based on our finding that 
certain oxygenated derivatives of cholesterol (for example, 
25-hydroxycholesterol and 7-ketochokesterol) are potent inhibi- 
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Fig. 1 Rate of endocytosis in L cells after treatment with 
various inhibitors of sterol synthesis. The culture medium 


of 3-5 cultures. 


tors of sterol synthesis in cultured cells®. The inhibitory sterols 
specifically depress the activity of 3-hydroxy-3-methylgtutaryl- 
(HMG)-CoA reductase, the regulatory enzyme in the sterol 
synthesis pathway. Treatment of L cell (mouse fibroblast) cul- 
tures with these inhibitors for periods longer than 1 d reduces 
the sterol (desmosterol) content of the cells and their plasma 
membranes to about one-half of the original level (A.A.K. and 
H.W.C., unpublished and ref. 10). Cells which are depleted of 
sterol do not grow or divide unless an exogenous, non-inhibitory 
sterol (cholesterol or desmosterol) or a sterol precursor (mevalo- 
nate) is supplied*®. 

L cells were grown in Waymouth’s MB 752/1 medium supple- 
mented as described previously’, The cells were seeded in 35-mm 
plastic dishes of 2-ml portions containing a total of 0.7 x 10° to 
2x 10° cells depending on the type of experiment. Different 
inhibitors of sterol synthesis (6-ketocholestanol, 7-ketocholes- 
terol, 20a-hydroxycholesterol, or 25-hydroxycholesterol) were 
added to the medium (2 ml) in SO pl of a 5° solution of 
crystallised bovine serum albumin (BSA) containing 10% 
ethanol? so that the final concentration of sterol was 1 pg mi~. 
Control cultures received 50 ul of the albumin—ethanol solution. 

Cellular endocytosis was assayed as described by Steinman et 
al.*. Briefly, L cells were incubated for various periods of time 
with sterols and/or their precursors and were then reincubated 
for 1-3 h with horseradish peroxidase (Sigma, type IT) dissolved 
in fresh culture medium (1 mg ml ~>). The peroxidase-containing 
medium was removed by suction, the cultures were gently 
washed five times with phosphate-buffered saline, and then 
reincubated for 50 min at 37 °C in Waymouth MB 752/1 medium 
to remove all non-ingested peroxidase. The cells were then lysed 
by incubation with an aqueous solution of Triton X-100 (0.05% 
viv) for 2 h at room temperature. The amount of peroxidase in 
the lysate was determined as described by Steinman et al.*. 
These authors have shown that: there are no cell-surface recep- 
tors for the probe (peroxidase); the rate of endocytosis increases 
linearly with temperature; endocytosis is dependent on ATP 
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generated by glycolysis and the respiratory chain: and the pro- 
cess is independent of the cell cycle. 

Figure I shows the effects of incubating various inhibitors of 
sterol synthesis with L cells for 16 h on the ability of the cells to 
carry out endocytosis. 20a-hydroxycholesterol and 25-hydroxy- 
cholesterol depressed the rate of endocytosis by 42 and 54% 
respectively, whereas 6-ketocholestanol and 7-ketocholestero] 
were less active. The relative potencies of these sterols as sup- 
pressors of endocytosis were similar to their reported potencies 
as inhibitors of sterol synthesis’. Purified cholesterol at a high 
dose (100 ug ml“) had no effect on endocytosis. The rate of 
uptake of peroxidase in the control cultures averaged 167 ng per 
mg cellular protein per h. This corresponds approximately to 
0.0049", of the administered peroxidase per 10° cells h, a 
value which is slightly higher than the corresponding range of 
0.0032-0.0035 °% reported by Steinman et a/,’ in another subline 
of L cells. 

The effect of 25-hydroxycholesterol on endocytosis as a func- 
tion of time during which the inhibitor was incubated with the 
cultures is shown in Fig. 2. Endocytosis was quantitatively 
affected as early as 6 h after addition of 25-hydroxycholesterol. 
After 12 h the level of endocytosis had reached a minimum level 
which remained unchanged for the following 36 h. The slope of 
the curve in Fig. 2 appears to be somewhat steeper than the 
decline in the concentration of membrane sterol in other similar 
experiments and was preceded by the disappearance of HMG- 
CoA reductase activity and the loss of sterol synthesis (ref. 9 and 
A.A.K. and H.W.C., unpublished). The effect of incubating L 
cells for 16 h with various concentrations of 25-hydroxycholes- 
terol is shown in Fig. 3. Endocytosis was affected by 25- 
hydroxycholestero! at a concentration as low as 0.05 ug ml ~ 
(1077 M) and maximal depression of endocytosis was reached 
at concentrations of 0.5 ug mi, 

L cells, in which HMG-CoA reductase activity is depressed 
by 25-hydroxycholesterol, are able to synthesise sterols from 
exogenous mevalonate, which is the product of the reaction 
catalysed by the reductase. In similar conditions they are not 
able to synthesise sterols from acetate or HMG", Table 1 
shows that the addition of exogenous mevalonate or cholesterol 
resulted in the maintainance of a normal level of endocytosis in 
the presence of 25-hydroxycholesterol. In other experiments (not 
shown) acetate or HMG did not relieve the inhibitory effect of 
25-hydroxycholesterol. The recovery of endocytosis with meva- 


Fig. 2 Time course of inhibition of endocytosis by 25-hydroxy- 

cholesterol. The culture medium contained 5°. foetal calf 

serum (@), 25-hydroxycholesterol | ug mit in 50 pl 5% BSA 

solution (A) or 50 ul BSA solution (©). After the incubation 

periods indicated, rates of endocytosis over a 2-h period were 

determined. Values shown represent the mean s.e. for 3 
cultures. 


| —— 


0.15 


~ 
\ 
0.10 -e 


6 12 18 24 36 48 
Time (h) of incubation with 25-hydroxycholestero! 


\ 


= 
pans 
A 


Enzyme uptake (U per mg protein) 


Nature Vol. 263 October 7 1976 





0.0] 0.05 0l 02 OS. TO 20 5.0 
25-Hydroxycholesterol (ug ml ~+) 


Fig. 3 Effect of incubating L cells with varying concentrations 

of 25-hydroxycholesterol on the rate of endocytosis. 25-hydroxy- 

cholesterol was added to the culture medium in 50 ul 59%% BSA 

solution. After incubation for 16 h with the inhibitor, rates of 

endocytosis were determined over a 2-h period. Values shown 
represent the mean -+-s.e. for 3 cultures. 


lonate supports our previous findings (refs 9 and 10 and A.A.K. 
and H.W.C., unpublished) that the inhibitory sterols do not 
have effects other than those resulting from the suppression of 
HMG-CoA reductase and sterol synthesis. 

The possibility that incubation of L cells with the inhibitory 
sterols may have depressed the level of intracellular ATP was 
examined by comparing the concentration of ATP in cultures 
incubated with or without 25-hydroxycholesterol. Using the 
luciferin—luciferase assay'+'*, we did not detect any significant 
differences in the concentration of ATP between control cultures 
and cultures treated with 25-hydroxycholesterol for as long as 
40 h. As the cultures approached confluency the level of ATP 
dropped in both groups. A diminished ATP level in confluent 
cell cultures has been reported by others!. 

These results, indicating that cells which are deficient in sterol 
are unable to carry out endocytosis at normal rates, emphasise 
the important functional role of cholesterol in the plasma mem- 
brane. Dianzani et al? have demonstrated that increased 
amounts of cholesterol in the plasma membrane of macrophages 
depresses phagocytosis—that is, endocytosis of particulate 
material. If phagocytosis in macrophages and endocytosis in 
cultured L cells are accomplished by the same basic mechanism, 
then our results, together with their observations, indicate that 
the concentration of cholesterol in mammalian cell membranes 
must be maintained within a fairly narrow range to ensure their 





Table 1 Rate of endocytosis in L cells 





- Peroxidase uptaket 


Additions* (ngper mg cellular % Control z test 
protein per h) 
Control 242.1 +29.5 (7) 100 
25-Hydroxycholesterol 109.0 -+26.9 (7) 45 P<0.01 
(1 pg mi~) 
25-Hydroxycholestero! 229.2 +-20.8 (2) 95 NS 
(i wg mi“) + 
mevalonic acid 
(0.5 mg mi ~t} 
25-Hydroxycholestero! 250.0 +27.8 (2) 103 NS 
(1 pg min?) + 
cholesterol 
(100 pg mi~?) 





*Cells were cultured for 36 h in the presence of the listed compounds. 

+The rate values (mean+-s.e. for 3-4 cultures) were based on 
measurements obtained between the first and second hour of in- 
cubation with horseradish peroxidase. Numbers in parentheses 
indicate the number of experiments. The z test results indicate the 
probability of a significant difference between control and experi- 
mental values. 
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proper biological functioning. Our results may also be related to 
certain observations of altered functioning of fibroblasts from 
patients with familial hypercholesterolaemia. Since fibroblasts 
from these patients cannot take up low density lipoprotein 
(LDL) at a normal rate™ it would be of interest to determine 
whether or not there is any abnormal concentration of choles- 
terol in the plasma membranes of these cells. Our observations 
also suggest an alternative interpretation of data published by 
Brown and Goldstein which showed a diminished uptake of 
LDL in normal human fibroblasts that had been preincubated 
with 25-hydroxycholesterol or LDL. Since both surface-bound 
and internalised LDL were included in the measurement of LDL 
‘binding’ it could be argued that the effect of 25-hydroxycholes- 
terol was to diminish endocytosis rather than to reduce the 
number of LDL receptors as originally suggested by Brown and 
Goldstein. 
It is established that cholesterol has an important role in the 
regulation of the activity of membrane-localised Nat/K* 
ATPase in mycoplasma’ and in mammalian celis*?**’. Thus, 
changes in endocytosis and in ion transport both may contribute 
to the inhibition of DNA synthesis that we have observed in L 
cells and in lectin-stimulated lymphocytes treated with inhibitors 
of sterol synthesis (ref. 18 and A.A.K. and H.W.C., unpub- 
lished). Whether the continuous uptake of solutes and membrane 
material is necessary for the maintenance of normal cell func- 
tions needs further clarification. The present study suggests, 
however, that cholesterol is a critical functional as well as 
structural unit in the plasma membrane and that its depletion 
results in the modification of specific membrane-dependent 
cellular functions. 
This study was supported by the NCI. We thank Mrs Jan 
Marshall for assistance. 
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Duplication of biochemical changes 
of Huntington’s chorea by intrastriatal 
injections of glutamic and kainic acids 


SYSTEMIC administration of large doses of L-glutamate to 
immature animals causes degeneration of neurones in the 
retina and the arcuate nucleus. Olney ef alt reported that 
intracerebral injections of the more potent excitatory analogues 
of glutamate, in particular kainic acid, caused rapid degenera- 
tion of certain dendritic and somal structures in the injected 
area. Presumably the degeneration is related to the ability to 
bind the “excitotoxic” agent, with necrosis resulting from a 
sustained increase in membrane permeability.H-kainic acid binds 
more strongly to striatal tissue than to any other area of rat 
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brain tested*. This lends some support to Spencer’s theory*-— 
based on antagonism of cortical excitation of striatal neurones 
by diethyl glutamate..that the massive corticostriatal pathway 
is glutaminergic. If Huntington’s chorea were an excitotoxic 
phenomenon resulting from chronic overstimulation of 
glutamate receptors, striatal neurones in particular would be 
affected because of heavy glutaminergic input. This hypothesis 
is not readily tested by simple measurement of glutamate in 
choreic tissue because glutamate is a precursor of y-amino- 
butyric acid (GABA) and is also involved in other metabolic 
activities. As one potential test of this hypothesis, we have 
injected I yl of either kainic acid or L-glutamic acid dissolved 
in isotonic saline directly into the extrapyramidal nuclei of rats. 
Injection into the striatum produced local enzymatic changes 
duplicating those reported in Huntington’s chorea. 

The sites of injection and the coordinates by the Konig and 
Klippel atlast were: caudate, AP 8.38, L 2.8, DV - 0.2; 
ventrolateral thalamus, AP 4.75, L 2.8, DV -}-1.4; and sub- 
stantia nigra, AP 2.18, L 2.1, DV --2.2. Injections were into 
300-g male Wistar rats under sodium pentobarbital anaesthesia. 

The extrapyramidal system has neurones containing dopa- 
mine, acetylcholine and GABA. The state of these neurones in 
extrapyramidal disorders such as Huntington’s chorea and 
Parkinson’s discase is reflected by the level of the enzymes for 
transmitter synthesis®. Therefore we measured the levels of 
tyrosine hydroxylase (TH), choline acetyltransferase (CAT) 
and glutamic acid decarboxylase (GAD) in the rat brain 
extrapyramidal nuclei after the injections. 

After 2 or 3 d, the rats were killed by cervical fracture, the 
brains were removed rapidly, and the desired nuclei were 
dissected and homogenised in 0.25 M sucrose. Aliquots of 
these sucrose homogenates were used for enzyme determinations 
by the radioactive methods used in the study of enzyme 
activities in human brain tissue>. Protein was determined by 
the Folin-Ciocalteau method. 

The biochemical results are shown in Tables | and 2. After 
injections of 5 nmol of kainic acid (Table 1), the largest changes 
were observed with striatal injections. There were large losses 
of GAD and CAT (to 34° and 36%, respectively) in the 
striatum itself, and there was a smaller decrease of GAD in 
the substantia nigra (to 66°). There was also a significant 
increase (to 128°) in striatal TH. With comparable thalamic 
injections, there were no significant enzyme changes in the 
substantia nigra and caudate, and only a mild drop in thalamic 
GAD. Nigral injections also produced no significant striatal 
changes, although there was a slight drop in nigral TH. 

When the amount of kainic acid injected into the caudate was 
reduced to 2.5 nmol, the effect was reduced, and 1 nmol had 
no effect. A dose of 50 nmol of L-glutamic acid produced the 
equivalent effect of 2.5 nmol of kainic acid (Table 2). 





Table 1 Some enzyme activities on the side injected with Snmol of 
kainic acid as a percentage of those on the control side 


Area injected Area analysed 


Substantia 
Enzyme Striatum Thalamus nigra 
Caudate (6) 
GAD 343% * 107 +- 16% 66-14% 4 
CAT 36 £8%* 113+16% LI9-+21% 
TH 128 49% 914-12% 100-14% 
Thalamus (3) 
GAD 90 -158 72+ %t 96-+6% 
CAT 109 -+ 128 t4415% _ 
TH 944-11 67 92 14% = 
Substantia nigra (4) 
GAD 10749% 1064-9% 125427% 
CAT 90 + “10% TLL 8% 1074+19% 
TH l 87414% 70420% NIHT 





Control values were the same as found in uninjected animals and 
averaged for the striatum (in um per h per 100 mg protein): 15.5 for 
GAD; 31.3 for CAT and 0.175 for TH. Protein content was not 
significantly different in the injected as compared to the control 
samples. Data given as mean + s.e., number of animals in parentheses, 

*P < 0.001. 

TP < 0.05. 
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Table 2 Enzyme levels in striatum on injected side as percentage of 
those on contralateral side 





Material injected CAT GAD TH 
Kainic acid, 2.5 nmol 1+ 4% * B4-1-6°%* 11148% 
Kainic acid, I nmol 100 +8 o? 917% ye Ji 3. + 12 wh 
L-glutamic, 50 nmol 82459" 83-24% a i Hi4 6ng 


*P < 0.05. 


The reduction in striatal CAT, and striatal and nigral GAD, 
with sparing or enhancement of TH, parallels the biochemical 
findings in Huntington’s choreaë 7. Thus, these excitotoxic 
injections produced a biochemical model of the disease. They 
also produced marked physical manifestations. 

Rats injected with S nmol of kainic acid into the left caudate 
almost immediately developed diarrhoea and stopped grooming. 
By the third day, they were bleeding from their nose and urinary 
tract. When injections were made in the thalamus there was 
similar, though lesser bleeding, and loss of grooming. Injections 
into the substantia nigra did not cause bleeding but did cause 
the mouth and eyes to water. Rats given the injections in either 
the left caudate or left substantia nigra held their heads tilted 
markedly to the left with their bodies hunched. Rotation was 
not prominent, however, except when injections were made 
into the thalamus: then each rat, on awaking from the 
anaesthesia 30-60 min after injection, rolled over and over 
slowly to the left while the tail was held stiffly erect and rotated 
clockwise like a propeller and the head was tilted to the left. 
After 2 or 3 h rolling ceased and the animal alternately stood 
erect and pirouetted, also clockwise. Subsequently, the rat 
repeatedly circled the plastic cage in a clockwise direction, 
rubbing against the wall and with the head still tilted to the left. 
These movements had stopped by the next day. 

Rats injected with 1 or 2.5 nmol of kainic acid or with 50 
nmol of -glutamic acid into the caudate showed no dramatic 
effects. 

With the S-nmol injections of kainic acid, two of eight 
caudate-injected rats died between the second and third day, 
as did three of six thalamus-injected rats. There were no deaths 
observed in the substantia nigra-injected rats. All three rats 
that received this dose of kainic acid in the globus pallidus died 
within 24 h. 

The injections were always unilateral and no behavioural 
tests were carried out. To establish whether the excitotoxic 
model of Huntington’s chorea truly parallels the disease, 
further exploration of the motor and behavioural effects is 
needed. 

The excitotoxic hypothesis of Huntington’s chorea might also 
help to explain the phenomenon of tardive dyskinesia. This 
motor disorder is characterised by choreiform movements which 
are hard to distinguish from Huntington’s chorea and which 
appear after long term therapy with dopaminergic blockers. 
The dopaminergic nigro-striatal tract is believed to be inhibitory 
towards striatal interneurones, and administration of neuroleptics 
apparently releases cholinergic interneurones*-®. This removal 
of inhibition could result in normal excitatory input from the 
cortex, possibly of a glutaminergic nature, becoming excitotoxic 
and gradually destroying striatal interneurones. 

We thank Mrs Kim Singh and Miss Ursula Scherrer for 
technical assistance, as well as the Huntingdon’s Chorea 
Foundation, the province of British Columbia and the MRC 
of Canada for financial support. 
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Stereoselective effects of the 

potentially neuroleptic rigid spiro amines 

WE HAVE reported the synthesis and pharmacological effects 
of a novel series of tetracychc spiro compounds structurally 
related to the tricyclic antidepressants’. In contrast to the 
common tricychc antidepressants, the terminal amino group 
of the spiro compounds has restricted mobility. As expected, 
some of these compounds have antidepressant properties in 
model systems, for example they are potent blockers of the 
neuronal uptake of noradrenaline in the central nervous 
system. But the compounds containing a chlorine atom in the 
tricyclic motety have a neuroleptic profile in animal tests. 
3-Chloro-10,11-dihydro-N,N-dimethylspiro- [SH-dibenzo [a,d] 
cycloheptene-5,1’-cyclohex-2’-ene]-4’-amine, structure (1), 
is particularly interesting in this respect. The cyclohexene 
ring in this structure is located perpendicularly to the tri- 
cycle ring system and as a consequence the amino group 
can occupy a position either cis or trans to the chlorine- 
containing part of the tricyclic ring system. Furthermore, 
the cis and trans isomers can be resolved into enantiomers 
as the molecule contains two chiral centres (marked with 
asterisks in structure (I)). Several studies have yielded re- 
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H,C~ Ms CH, 
(1) 

sults to. favour the view that neuroleptic drugs act as 
dopamine (DA) antagonists in the brain’* and that the DA 
receptor blockade is rather well correlated with their anti- 
psychotic efficiency". The neuroleptics seem to block 
chiefly postsynaptic DA receptors, particularly in striatal’ 
and mesolimbic’ DA areas of the brain. The rigid nature of 
the isomeric tetracyclic spiro amines of structure (1), and the 
possibility of stereospecific pharmacological effects make 
these compounds interesting tools for an investigation of 
the structural requirements for DA receptor blockade and 
for studies on DA receptor topology. 

The cis and trans isomers have now been separated in the 
following way. A substance, melting point 245-246 °C 
(hydrochloride), prepared essentially as described pre- 
viously’, was converted to the corresponding oxalate. Frac- 
tional crystallisation of this oxalate gave partial separation. 
Conversion to the hydrochlorides and renewed crystallisa- 
tion resulted in the pure isomers. These are referred to as 
the æ isomer (melting point 257-259 °C (hydrochloride)), 
and the B isomer (melting point 226-228 °C (hydro- 
chloride)). 

The separation was monitored by nuclear magnetic res- 


onance spectroscopy. Comparison of the spectra of the pure 
isomers with that of the substance used in our previous 
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Compounds Reg. no” a. {pmol kg 
a+B A 02056 40 
a A 23622 >» Sd 
B A 23623 19 
(+-)-0 A 23885 » 54 
(—)-a A 23886 >» 54 
(—)-B A 23887 4 
(+)-B A 23888 > d4 
Chlorpromazine i4 





*Astra’s internal code number. 

Apomorphine (2 mg kg~!) was administered intraperitoneally to 
male Sprague-Dawley rats (150-200 g). The fest compounds were 
injected intraperitoneally 30 min before apomorphine in five doses 
(six animals per dose). The stereotypies were scored accor to 
Costall and Naylor". ED;, refers to the dose of the test. ¥ 
which reduces the stereotypies by 50°. 20 min after apomorphir 
administration. 









work’ showed that the latter consisted of a mixture of about 
equal parts of a and £ isomers. | 

The a and #6 isomers have been resolved using the 
optically active mandelic acids and di-p-toluocyltartaric acids. 
The antipodes of the two isomers have specific rotatioris 
of 148° (hydrochloride in ethanol) and 704° (maleate in 
chloroform), respectively. 

The isomers were evaluated for their ability to inhibit 
apomorphine-induced stereotypies in the rat; this is a selec- 
tive and sensitive test for neuroleptic activity’. Apomorphine 
stereotypies seem to be a result of DA receptor stimulation 
in the brain, which makes this test an in vivo technique for 
measuring DA receptor blockade™. 

The results of the apomorphine test show differences in 
activity between the isomers (Table 1). The cis-rrans mix- 
ture of the spiro amine (1) is a potent blocker in this test. 
The pharmacological activity resides chiefly in the 8 isomer 
which is about as potent as chlorpromazine. Studies on the 
enantiomers revealed a further difference in activity. Only 
one of the enantiomers, (~)-8, was found to he active in 
this test, being three or four times as potent as chlorprom- 
azine. Further evidence for the specificity of this enantiomer 
as a blocker of the DA receptor was provided by DA turn- 
over studies in the rat. It is well known that neuroleptic 
drugs accelerate DA turnover, probably due to an increase 
in DA neuronal activity as a result of DA receptor block- 
ade**, Of the two pairs of enantiomers, only the (~-)}8 
isomer increased DA turnover in the brain. 

In studies of thioxanthenes, the cis isomers, were found to 
be considerably more potent than the corresponding trans 
isomers in various tests for neuroleptic activity’’”. Tt may 
therefore be postulated that the active tetracyclic spiro 
amine (—)-8 has the cis configuration. The stereochemistry 
of the isomers is being investigated by X-ray diffraction 
methods. 

We conclude that there are strict stereochemical — Te- 
quiremerts for a potent and selective blocker of the DA 
receptor. The compounds discussed here apparently fulfil 
these requirements. 
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Ca?+ -dependent arrest of cilia 

without uncoupling epithelial cells 

IN CERTAIN ciliated epithelia, for example, mussel gill lateral 
cell epithelium, metachronally coordinated ciliary beat can 
be arrested systematically, either after nervous’ or local 
stimulation, for example by laser microinjury’’. In the latter 
case, the velocity of spread of arrest, its extent and decre- 
mental character suggest that the response depends on elec- 
trotonic coupling of the gill cells’. The lateral cells are 
coupled by extensive septate junctions and small gap junc- 
tions‘, more basally located, which may act in a manner 
homologous to electrical synapses of nerve and muscle 
cells". Although intracellular microelectrode recordings of 
lateral cell depolarisation accompanying arrest after bran- 
chial nerve stimulation have been made in Mytilus, there 
are no reports of microelectrode studies of cell coupling in 
gill cells. We have used experimentally-induced spreading 
arrest to monitor the state of coupling in the lateral cell 
epithelium of a freshwater mussel (for example, Elliptio 
complanatus). 

Lateral cell cilia are arrested by an increase in cyto- 
plasmic calcium ion concentration. Arrest does not spread 
past a focus of local damage in Mytilus gill in the absence 
of Ca™ in the bathing medium’. Furthermore, when gill 
filaments from freshwater mussels are placed in 12.5 mM 
CaCh, the cilia beat metachronally; when a divalent cation 
ionophore A23187 is added, arrest occurs; arrest does not 
occur by ionophore in the presence of Na, K* or Mg”, 
without Ca’* (ref. 8). 

An increase in local Ca’* concemtration causes coupled 
epithelial cells of Chironomus salivary gland to uncouple’, 
but Rose and Loewenstein® have shown that Ca™ influx 
into a cell is often quenched by various cell components, 
so that Ca™ concentration in the cytoplasm may change 
only minimally, if at all, in parts of the cell distant from 
the site of influx. It may therefore be that even when Ca?* 
is entering a cell at the apical surface, the effective concen- 
tration of Ca™ at the cell junctions remains low and’ the 
cells remain coupled. This seems to be a necessary conclu- 
sion in many circumstances, for example, during cardiac 
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Fig. 1 Design of summation experiment. A gill filament beating 
good metachronal waves (n-like structures) selected (a). 


with 
Att oo a laser hit ion no. 1) made; within a few 
along a defined field about 1 mm, arrows) metachronism 


ceased (b). The initial recovery to either side of the field was 
measured (fa and rL) (c). The gill was repositioned so that a 
second hit n no. 2) could be made about 0.25 mm away from 
a returning wavefront (d). At fy, this hit divided the gill Alareat 
into regions A, B and C (e). The effect on recovery was mea- 
sured by the reap of metachronism to either side of the 
field (fia and RA. The etry varied y in EAT 
experiments. Usual on A recovered comp wih 
then region C (fe) (g) an P coton Bacardi th 
a course given een (3) (see text). Cells 
ts never recovered. 


muscle contraction, but as far as we know it has not been 
demonstrated precisely with any system. We report here 
that mussel gill cells remain coupled during ciliary arrest. 
Gills of freshwater mussels (Carolina Biological Supply 
Co., Gladstone, Oregon) were excised and placed in 
12.5 mM CaCl; they usually remained fully active for many 
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Experiment Time (8) 

no. R L H Ly Len R, Ria A C i 0.63A + (C-H) B 

1 23 32 40 40 0 80 40 93 125 144 140 

2 20 15 26 26 0 52 26 58 75 86 , 87 

3 8 7 10 10 0 20 10 12 115 113 “115 

4 13, 5 14 14 0 25 11 - T9 52 88 97 

5 10 8 11 11 0 33 22 20 . 60 62 60 

6 55 50 56 56 | 0 90 34 117 105 123 155 

7 61 60 64 110 46 99 35 150 105 135 129 

g 25 70 40 — — 58 18 105 115 141 160 

9 44 75 50 — — 95 45 90 115 122 115 

10 7 17 9 — — 15 6 28 24 _ 33 31 
Average* 24.7 34.4 27.8 — — 54.3 26.5 71.1 78.5 95.5 103.3 
s.d. 22.9 24.6 23.8 — — 36.0 18.5 39.4 42.5 36.1 41.3 


*31 experiments, f test: A compared with B, P < 0.001; C compared with B, P < 0.01; (0.63A + C-H) compared with B, P > 0.3. 
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hours with almost 100% metachronism. Small pieces of 
active gill were placed on a depression slide containing three 
or four drops of 1% blue dye FDC No. I in CaCh, for laser 
microdisruption as described before’*’’. A pulsed ruby laser 
microbeam was focused near the base of the beating cilia at 
a selected point to produce a focal lesion of about 30 um 
diameter (Fig. la and b). The timing of all subsequent events 
(Table 1) was measured from the moment of microbeam 
irradiation (f). 

The lesion induced arrest of ciliary beat which spread, 
as expected, along the gill filament up to about 1mm on 
either side of the hit (Fig. 15)°. Characteristically, meta- 
chronism was first reactivated in the cells most distant from 
the hit. The time that metachronism reappeared in a defined 
field to either side of the lesion (fr and f) was recorded 
(Fig. le and d). Between the original lesion and the return- 
ing metachronal wave cilia were still arrested. The gill was 
then moved so that the laser microbeam was focused near 
the centre of the arrested field to one side of the lesion, 
approximately 0.25mm away (10 cell lengths) from the 
returning metachronal wavefront, so as to produce a second 
lesion at this point (Fig. 1d). The gill filament was thus 
divided into three regions: A, B, and C, where B lies 
between the two lesions, and C is beyond the second lesion 
(Fig. le). 

In about 90% of experiments, the second lesion reintro- 
duced. arrest in region C (Fig. le). Experimental failure 
probably reflects our inability to focus the laser accurately 
and the consequent variability of microbeam strength at 
lateral cell sites. This also accounts for much of the vari- 
ability in the data, shorter times probably reflecting weaker 
hits. We measured the time after the second hit when 
metachronism first reappeared in region C (fren) (Fig. 1f). 
Typical data are given in Table 1; recovery was delayed on 
the average by 26.5 s (31 experiments). 

To produce such delay, the stimulus produced by the 
second lesion must apparently have spread through an 
average of 10 lateral cells whose cilia are arrested, before 
reaching the reactivating cells where we observed secondary 
arrest. This supports the conclusion that the cells with 
arrested cilia were still coupled, but does not rule out an 
alternative possibility that cells (for example, the inter- 
mediate cells) adjacent to the column of arrested lateral 
cells provided the coupling pathways, being coupled to one 
another and to the reactivating cells at the time of the 
second hit. | 

In contrast, the second lesion reintroduced arrest in 
region A, beyond the first lesion, in only 20% of experi- 
ments; that is, recovery (fi2-n; Table 1) is not delayed (Fig. 
le). We interpret this to mean that lesion No. 1 usually 
destroyed the physical integrity of the gill filament, so that 
the column of cells beyond the lesion to the left was un- 
coupled from the column of cells to the right. Therefore, 
the stimulus produced by the second lesion should have 
affected the cilia of regions B and C but not those of region 
A. If this is correct, the proability is greatly reduced that 
coupling that affects the lateral cell metachronism can occur 
through an alternate pathway adjacent to the lateral cells. 

We have demonstrated conclusively that cells with 
arrested cilia are still coupled, at least as defined by the 
ability to respond to a second distant stimulus, by measur- 
ing the times for complete recovery in regions, A, B and 
C (ts, ty and tc, respectively; Fig. 1f, g and h). If arrested 
cells are uncoupled, we would expect recovery in region B 
to have been unaffected by the second lesion so that fa and 
te would have been approximately equal. This was not the 
case (Table 1). If arrested cells are coupled, then region B 
would have been affected by the second hit, so that ta>t, 
because of the induced recovery delay. Two simple explana- 
tions consistent with coupling were that (1) fg and fc are 
equal or (2) that region B would have recovered as if the 
hits were additive. 





The first laser hit presumably produces a stimulus that. 
enables sufficient Ca’* from the bathing fluid to enter the 
apical surfaces of cells near the lesion to induce ciliary 
arrest in sequential fashion. Our results demonstrate that 
the pathway of coupling remains functional after ciary 
arrest, although it is readily interrupted by a break in 
epithelial integrity. Our best explanation of the summation 
effect in the region between the two hits is that ( ij the 
second hit produces further Ca’* influx into the coupled. 
chain of cells with arrested cilia and that (2) the recovery 
times measured depend on Ca™ being pumped out of the 
cells at a constant rate such that when free Ca” falls below 
a critical concentration, metachronism reappears. If regions 
B and C are of approximately equal lengths and the stimulus 
is exponentially decremental with a decay constant of about 
0.3mm, then we would expect that 

ta= tfa + (effect of second lesion) th 
and that the effect of the second lesion is related fo fe im 
that : 


te— t= (effect of second lesion) +0,37t, Q) 
so that (3) | 
tg=0.6324+ te tn (3) 


Both in individual experiments and on average (P > 0.3) 
equation (3) seems empirically valid (Table 1). This explana- 
tion supports and extends findings of Rose and Loewen- 
stein’? in that it requires the actions of Ca’ in these. con- 
ditions to be restricted largely to those in the immediate 
locale of the point of influx of the ion into the cytoplasmic 
matrix of the cell, that is to the cilia and not to the 
junctions. 
This work was supported by a grant from the USPHS, 
We thank Judson Sheridan, University of Minnesota for 
discussion. 
PETER SATIR 
WILLIAM REED 
Davin L WOLF 

Department of Phystology-Anatomy, 

University of California, 

Berkeley, California 94720 


Received May 20; accepted August 20, 1976. 


I! Murakami, A., and Takahashi, K., Nature, 257, 48-49 (1975). 
2 Satir, P., Fong, P, and Goldstein, 8. F., Acta Protozool., 11, 287-290 1972). 
4 Motokawa, T,, and Satir, P., J. Cell Biol, 66, 377-391 (O73), 
4 Gilula, N. B., and Satir, P., J. Celf Biol, $1, 869-872 (1977). 
3 Furshpan, E. 4, and Potter, D. D., J. Physiol. Lomi, 145, 289-324 (1959). 
6 Loewenstein, W. R., Aan. N.Y. Acad. Sei., 137, 441-472 (1950). 
T Satir, P., and Gilula, N. B., 4. Rey, Ent., 1B, 143-166 (1973), 
ë Satir, P., Science, 190, 586-588 (1975). 
* Rose, B., and Loewenstein, W., R., Nature, 284, 250-252 (1975). 
8 Rose, B., and Loewenstein, W. R., Science, 190, 1204 (1973). 
if Goldstein, S. F., J. exp. Biol., $1, 431-441 C1971). 





n r 


Nervous inhibition of corpora allata 

by photoperiod in Pyrrhocoris apterus 
PHOTOPERIOD governs reproduction in many insect spei 
with adult diapause. The nervous and neuroendocrine syste 
mediate the impact of the environment on ovarian functions. T- 
has been suggested that the daylengths promoting diapause 
prevent secretion of the activation hormone (mest probably a 
complex of neurohormones) from the pars intercerebralis (PD 
of the brain. Without this hormone the corpora allata (CA) 
do not secrete the gonadotropic hormone and reproduction is 
arrested! ~". It has been shown, however, that other physio 
logical conditions such as pregnancy’, fasting®, or lack. of- 
mating* produce an inhibitory effect of the brain on the CA 
through the nervi allati. The inhibition is probably mediated 
by a nervous centre situated close to the neurosecretory © 
of the PI. We show here that the photoperiod that promo 
diapause arrests reproduction by a double mechanism, — 
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Fig. 1 Schematic representation of the effect of denervation of 


length of oviposition period in days; horizontal axis, % oviposi- 


suppression of humoral stimulation and the inhibition of the 
CA through the nerves. The effect of photoperiod is mediated 
by the pars intercerebralis. 

We have studied the role of the nervi allati and centres in the 
PI in the regulation of the secretory activity of the CA in 
females of Pyrrhocoris apterus, under long- and short-day 
regimes. This species exhibits a facultative diapause controlled 
very regularly by the photoperiod; long daylengths have a 
stimulatory effect on the CA and reproduction, whereas short 
daylengths are inhibitory. This enables us to study both the 
stimulatory and inhibitory mechanisms regulating the activity 
of the CA. Experimental females were reared individually in 
Petri dishes on linden-seed at 26-2 °C and in long-day (18:6h 
of light : darkness) conditions or short-day (12:12) conditions 
respectively, Transection of the nervi allati and extirpation of 
the PI were performed through an incision of the neck 
membrane’. Since size is not a reliable sign of CA activity in 
P. apterus*, the activity of the CA was evaluated by the rate of 
oviposition. 

In females kept permanently under long-day conditions the 
denervation of the CA did not affect reproduction and therefore 
the activity of the CA. The same operation disturbed the inhi- 
bitory effect of short daylengths however. The control (sham- 
operated) females stopped oviposition soon after the transfer 
from long- to short-day conditions, or did not begin to oviposit 
when reared from the eggs at short daylengths. In the first case, 
transection of the nervi allati resulted in a considerable pro- 
longation of the oviposition period and increased fecundity. 
In the second case, the females with denervated CA had at 
the least low reproductive activity (Fig. la, b). This demon- 
strates that the inhibitory signal of short daylengths arrives 
at the CA through the nervi allati. It is interesting that tran- 
section of the nervi allati in diapausing Leptinotarsa decem- 
lineata’ or Anacridium aegyptium? had no effect. Transection of 
the nervi allato-suboesophagealis slightly activated the CA in 
L. decemlineata, but this activation was not sufficient to induce 
oviposition, 

Extirpation of the PI in P. apterus resulted in low repro- 
ductive activity regardless of the photoperiod used (Fig. la, c). 
Since sham-operated females were very fecund under long-day 
conditions and they did reproduce under short-day conditions, 
the PI seems to mediate the optimal stimulation of reproduction 
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by long daylengths and also its complete inhibition by short 
daylengths. 

In long-day conditions the PI stimulated reproduction not 
only through the CA but also by other pathways; the treatment 
of females without PI with a juvenile hormone analogue 
accelerated the maturation of oocytes in the first reproductive 
cycle, but it did not increase the overall fecundity®. As de- 
nervation of the CA did not affect reproduction in long-day 
conditions we assume that the PI stimulates the CA by way of 
the haemolymph. In short-day conditions, however, the PI 
seems to inhibit the CA through the nerves; denervation of the 
CA stimulated reproduction in a similar way to the extirpation 
of the PI. Similar rates of reproduction in both these cases 
also indicate that at short daylengths the PI does not exert 
the stimulatory effect as observed at long daylengths. The 
reason why denervated CA are more active in long-day females 
than in short-day females!’ can probably be explained by the 
lack of humoral] stimulation from the PI in short-day conditions. 

The findings described enable us to propose a hypothetical 
model of photoperiodic regulation of reproduction in P. apterus 
(Fig. 2). According to this model the PI contains both stimu- 
latory and inhibitory centres. The photoperiod regulates the 
relative activities of these two centres. In long-day conditions 
activation of the stimulatory centre predominates which 
results in a highly active CA and reproduction. Conversely, 
in short-day conditions the activity of the inhibitory centre 
prevails, the CA are inactivated and females do not oviposit 
at all (Fig. 2a). The denervation of the CA does not affect the 
reproductive activity of long-day females for the stimulation 
of the CA is humoral. The same operation, however, induces 
Oviposition in short-day females, because the inhibitory signal 
does not arrive at the CA through the sectioned nervi allati. 
Reproductive activity is low as the action of the stimulatory 
centre is suppressed by short daylengths (Fig. 25). Both the 
stimulatory and inhibitory centres are removed by the extir- 
pation of the PI. This results in a low baseline reproductive 
activity for both photoperiods (Fig. 2c). 

The common belief that the inactivity of the CA and the 
arrest of reproduction are caused by the diapause-promoting 
photoperiod only through an absence of the activation hormone 


Fig. 2 Hypothetical model of photoperiodic regulation of 
reproduction in P. apterus. a, Intact females; b, females with 
nervi allati transected; c, females with pars intercerebralis 
extirpated. Large upper circle, brain; smaller circle below, 
corpora allata. Small circles inside the brain, regulatory centres; 
open, active stimulatory centre; solid, active inhibitory centre; 
shaded, inactive stimulatory or inhibitory centre. Open arrows, 
stimulatory action: solid arrow, inhibitory action. Effect on 
ovaries: +, high reproductive activity; (+), low reproductive 
activity; —, no reproductive activity. 
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cannot thus apply to all insects. In some species at least, 
reproductive inactivity is assured by a double mechanism—not 
only by the absence of humoral stimulation but also by the 
inhibition of the CA through the nerves. Such evidence has 
been obtained in P. apterus? and in Locusta migratoria. A 
more detailed description of the Bissett results will be given 
elsewhere. 
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TRH potentiates excitatory actions of 
acetylcholine on cerebral cortical neurones 


ANTAGONISM of barbiturate-induced sleeping time in experi- 
mental animals! is one of the interesting pharmacological 
properties of thyrotropin-releasing hormone (TRH; pyro- 
glutamyl-histidyl-proline amide) which are independent of its 
effects on endocrine function. Moreover, this effect of TRH is 
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reduced or inhibited by atropine, suggesting that hoes 
mechanisms contribute to some of the effects of TRH (ref. 1). Tt 
can be shown that general anaesthetics (barbiturates in particu- 
lar) selectivel y reduce the sensitivity of ai cortical neurones 





pa E (ACh) on a neurones a aie experi i ents 
described below were designed to test this hypothesis, The 
results indicate that TRH potentiates the excitatory actions of 
ACh on cortical neurones. 

Female rats (200-210 g, Charles River) were anaesthetised 
with pentobarbital sodium (50 mg kg~?) with supplemental 
intraperitoneal injections when required. A. small burr hole was 
drilled over the somatosensory cortex and after reflection of the 
dura the exposed cortex was covered with 0.5% agar to prevent 
drying. Neuronal activity v was recorded. by. conventional means 
diameter, 5.10 um), the centre barrel beny ail lled with 2M NaCl. 
The outer barrels of the electrodes were filled immediately before 
use by centrifugation with solutions of acetylcholine chloride 
(0.2 M), Na glutamate (0.5 M), carbamyl choline chloride 
(carbachol, 0.2 M), and TRH (005M in 165 mM Nach. 
Automatic current balancing through a barrel containing 2 M 
NaCl was used to reduce current artefacts. 

Spontaneously active neurones, located between 750 pm and 
1,250 um from the cortical surface: were examined since the 
muscarinic nature of ACh excitations of cells in this region of 
the cortex is well documented®, Applications of TRH (ejected 
with anodal current, 10-70nA, 30s-4 min) consistently 
enhanced the action of iontophoretically applied ACh (10-40 
nA, 15-60 s). Thus, on 16 of 18.cells tested, TRH either poten- 
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Fig. 1 a, Potentiation of the response of acortical neurone 

to 10 nA of ACh by application of lOr vof 
ACh numbers on the ordinate represent neur 
in spikes per s. In thisand other trace 
the ratemeter trace represent periods of 
Note the reduced length of time of ACh- 
during the test in the presence of TRH... 
TRH (25 nA) on the responses of a co 
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c, Enhancement of the excitatory effect of 
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tiated the excitory actions of regularly applied pulses of ACh or 
converted an inactive ejection current of ACh to a typical ACh 
excitation. An example of this phenomenon is illustrated in Fig. 
la. TRH itself did not directly alter the excitability of the cells 
tested, nor did it seem to modify substantially the response of 
11 cells tested with 20-50 nA of glutamate. Figure 1b shows a 
cell in which the response to ACh was clearly enhanced during 
the application of TRH while not obviously affecting the res- 
ponse to repeated, submaximal applications of glutamate. Since 
a possible explanation for the ability of TRH to enhance ACh 
excitations while not affecting glutamate responses might be that 
of acetylcholinesterase inhibition, the interactions of TRH and 
carbachol (not subject to degradation by acetylcholinesterase) 
were examined. On 11 of 13 cells tested, TRH potentiated the 
excitatory actions of carbachol (10-40 nA) and a typical example 
is shown in Fig. Ic. This effect of TRH on excitations produced 
by both ACh and carbachol was consistently brief in onset 
(sometimes occurring when the TRH and cholinergic agonist 
were applied simultaneously) and offset. 

TRH and other peptides are being increasingly investigated 
with regard to their possible roles in neural function. The 
regional and widespread distribution of TRH throughout the 
neuroaxis®’, coupled with the demonstration of a depressant 
effect of TRH on neurones in a variety of areas®? within the 
central nervous system (CNS), indicates that TRH might sub- 
serve a transmitter function. TRH was not observed to have any 
direct effects on neuronal excitability of the restricted popula- 
tion of cells sampled in the present study with the ejection 
currents used, although it clearly and consistently enhanced the 
excitatory actions of ACh and carbachol. These findings may 
provide some insight at the neuronal level for the significant 
anti-anaesthetic effects of TRH in the light of the above con- 
siderations, and furthermore, may provide the basis for new 
approaches in attempts to understand the functional significance 
of TRH inthe CNS. Thus, although not discounting a possible role 
of TRH as an intercellular mediator, the hormone may subserve 
a more indirect function to modulate the actions of certain 
chemical transmitters. 
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Incision of ultraviolet-irradiated 
DNA by extracts of E. coli 
requires three different gene products 


IN most organisms pyrimidine dimers induced in DNA by 
ultraviolet light are removed by excision which is initiated by 
a repair-specific endonuclease that recognises the damage and 
makes a strand incision adjacent to the dimer! *. Characterisa- 
tion of excision-defective mutants of Escherichia coli has 
shown that in this organism early steps of repair are controlled 
by the uvrA, uvrB and uvrC genes®, Although wryrd and uvrB 
mutants seem to be incision defective in vivo®’, it has not been 
possible to measure any difference in the amount of ultraviolet- 
endonuclease activity between crude extracts from mutants and 
wild-type cells®°. After partial purification of wild-type or 
uvrC mutant extracts, however, an ultraviolet endonuclease has 
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been identified which is absent from uvrA and uvrB cells? (in 
this communication termed the werAB endonuclease). The 
relevance of these results to whole cells is unclear, because recent 
experiments with permeable cells have shown that uvrAtBt- 
dependent strand incision requires adenosine-5’-triphosphate 
(ATP)'°~!?, whereas the uvr4B endonuclease is independent of 
ATP?. The aim of the present investigation was to observe 
ATP-dependent ultraviolet-endonuclease activity in a cell-free 
system. We report here the characterisation in crude extracts 
of an ATP-dependent ultraviolet-endonuclease activity from 
E. coli and conclude that the activity reflects that the enzyme is 
essential for repair in whole cells. The activity requires the 
complementary action of the uvrA* uvrB* and avrC* products 
and this has been utilised to establish in vitro assays for the 
individual products of these genes. 

In preliminary experiments, extracts made by Brij-58 lysis'? or 
lysozyme lysis of freeze-thawed cells'! were tested for ATP- 
dependent ultraviolet-endonuclease activity, but results with 
these extracts were unsatisfactory. Soluble extracts were then 
prepared by a procedure based on gentle lysozyme lysis of 
sucrose permeabilised cells (see legend, Fig. 1). This method 
avoids the use of detergents or freeze-thawing which might 
affect labile enzyme activities. Typical results obtained by 
assaying endonuclease activity in extracts from wild-type cells 
and repair-defective mutants are shown in Fig. la~d. 

In the absence of ATP, extracts from all strains showed similar 
levels of ultraviolet-endonuclease activity, in agreement with 
results reported previously®®. Addition of ATP however, 
caused a fivefold increase in the amount of ultraviolet-endo- 
nuclease activity in wild-type extracts, but had only a minor 
effect on mutant extracts. It is thus clear that the major ultra- 
violet-endonuclease activity in wild-type extracts requires ATP 
and depends on functional uvr genes. The formation of ultra- 
violet-induced strand incisions in permeabilised cells has the 
same characteristics! ", and we infer that the activity observed 
in these extracts reflects the ultraviolet-endonuclease essential 
for repair in whole cells. 

In view of the common deficiency in extracts from cells with 
mutations mapping at distinct loci, in vitro complementation 
between different mutant extracts was attempted. When 
extracts from uvrC and either uvrA or uvrB cells were mixed, 
the ATP-dependent ultraviolet-endonuclease activity was 
completely recovered (Fig. le-f). Combined extracts from 
uvrA and uvrB cells also displayed activity due to complementa- 
tion, although usually not to the same extent as combinations 
including uvrC extracts (Fig. 1g). Evidently, gene products from 
uvrAt, uvrB* and uvrCt are required for ATP-dependent 





Table 1 Effect of various incubation. conditions on the ultraviolet- 
specific endonucleolytic activity from uvr* cells 





Variation in reaction Ultraviolet-specific 


mixture endonuclease activity 
Yo) 
Complete reaction mixture 1 
ATP 18 
3mM ATP 115 
— KCI 35 
3.5 mM Mg?* 38 
10 mM Mg’* 100 
20 mM Meg?* 75 
+25 mM caffeine 10 
-+10 mM NEM 29 





Extracts from cells of strain AB1157 uvr* were assayed in duplicate 
for nonspecific and ultraviolet-specific endonucleolytic activity (DNA 
exposed to 225 J m~? of ultraviolet). Net ultraviolet-specific activity 
was calculated substracting the amount of nicked DNA in non- 
irradiated samples from the amount of nicked DNA in irradiated 
samples. The activity obtained in standard assay conditions (Fig. 1) 
including ATP (1.5 mM) in the reaction mixture was normalised to 
100% and the effect of additions (+), omissions (—) or change in 
concentration of a single component was calculated relative to this 
value. 
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Fig. 1 Ultraviolet-specific ATP-dependent endonucleolytic activity in extracts from excision-proficient and deficient strains of E. coli 
K12. Soluble extracts from strains ABI 157 uvr* (a), ABI886 uvr A (b), ABI885 uvr B (c) and ABI884 uvrC (d), were assayed for endonuclease 
activity in the absence (©) or presence (@) of ATP (1.5 mM), using the “nicking” assay of Braun ef al? with the modification that covalently 
closed circular colE! DNA (molecular weight = 4.2 x 10°) was used as substrate, Plasmid DNA, *H-labelled, was extracted from growing 
cells of strain SK2001 thy~ colE! by means of a sodium dodecyl sulphate (SDS)~NaCl lysis procedure, and the covalently closed circular 
form was purified by phenol extraction and banding in CsCl-ethidium bromide. Details of the purification procedure will be described 
elsewhere (Nissen-Meyer and Seeberg, to be published). For extract preparation cells were first treated with high sucrose as described by 
Hurwitz er al and then lysed with lysozyme. Approximately 10! exponentially growing cells were suspended in 0.25 mi 2.5 M sucrose 
(0.04 M Tris, pH = 8.0, 10 mM EGTA) and the suspension diluted fivefold in a buffer (50 mM MOPS, pH = 7.5, 100 mM KCI, i mM 
EDTA, | mM dithiothreitol), containing 125 pg mi~ of lysozyme. After 45 min on ice, the lysates were centrifuged at 10,000¢ for 15 min. 
The supernatant, subsequently referred to as extract, was completely soluble, essentially DNA free (less than 0.1% of total DNA), and 
contained approximately 6 mg of protein. Standard reaction mixtures (130 uD) contained 40 mM MOPS, pH = 7.5, 85 mM KCI, 15 mM 
Mgs0O,, | mM EDTA, 0.8 mM dithiothreitol, 5 ng DNA exposed to various doses of ultraviolet light (254 nM), and 10 ul extract. In- 
cubation was for 15 min at 37 °C. Incised DNA was selectively denatured and separated from intact DNA by filtration through mitro- 
cellulose as previously described®. The fraction of remaining covalently closed circles was determined by scintillation counting and plotted 
against ultraviolet exposure to the DNA. e-g, Results obtained assaying extract mixtures (1: 1) of strains ABT886/AB1884 (e), ABI885/ 
AB1884 (f) and ABI886/ABI1885 (g). Each value plotted is the average of two or three independent assays and bars indicate standard 
deviation. 


ultraviolet-endonuclease activity and a mutation at any one of 
these loci does not prevent the formation of functional products 
from the other uvr genes. The complementation provides an in 
vitro assay for the separate uvrA*, uvrB* and uvrC* products. 
The activity of either product can be assayed by in vitro com- 
plementation with an extract made from the corresponding 
mutant, measuring ATP-dependent ultraviolet-endonuclease 
activity. Purification of the uvrC* product is now being 
attempted using this approach. Jn vitro complementation 
assays have proved very useful in the purification of proteins 
active in DNA replication? ™, 

The ATP-dependent ultraviolet-endonuclease observed in 
crude extracts resembles the partially purified uvrAB endo- 
nuclease described previously, in that both activities are stimu- 
lated by moderate concentrations of salt and require the gene 
products from uvrA* and uvrB* (Table 1, ref. 9). The activity 
in extracts requires ATP, fairly high concentrations of Mg?* 
and the uvrC+ product (Table 1, Fig. 1). In contrast, the 
uvrAB endonuclease is not stimulated by ATP, acts in the 
absence of Mg** and is present in normal amounts and with 
normal activity in uyrC cellist’. These results can be reconciled 
if the uyrC* product interacts with the uvrAB endonuclease to 
yield ATP-dependent ultraviolet-endonuclease activity. The 
uvrC’* product may not have a direct role in the production of 
single-strand breaks, but may possibly be an ATP-requiring 
factor which promotes the turnover and thereby amplifies the 
activity of the endonuclease. The activity of the uwvrA4B endo- 
nuclease in the absence of the wvrC* product may be detectable 
in extracts from uvrC cells where we repeatedly observed 
slightly more ultraviolet-endonuclease activity than in uvrA or 
uvrB extracts (Fig. Id). 

Results with uvrC cells in vivo have suggested that the avrC 
function may be involved in a step succeeding incision because 
single-strand breaks slowly accumulate in the DNA of mrC 
cells during post-irradiation incubation Y. The rate of 
formation of these breaks seems to be increased by a muta- 
tion affecting ligase activity, suggesting that the wwrC* product 
may prevent ligase reversal of the incision reaction and force 
the subsequent removal of the dimer'®. Our results do not 
eliminate this hypothesis, because ligase may be partially active 


in the extracts in spite of the absence of the ligase cofactor 
nicotinamide adenine dinucleotide in the reaction buffer. 
It seems clear, however, from the results presented in this 
communication, that the wrC* product in extracts has an 
essential role in promoting strand incisions, directly or indirect- 
ly. Purification of the different components of the ATP- 
dependent ultraviolet-endonuclease activity seems necessary 
before the interrelationship between the werd‘, uvrB* and 
uvrC* products can be defined in detail, 
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Improved derivative of a phage à EK2 
vector for cloning recombinant DNA 


THOMAS et a/.! have constructed a derivative of phage A (Agt AC} 
that is useful for cloning DNA fragments 1,000 to 15,000 base 
pairs long from other organisms, Their cloning procedure 
involves cutting the phage DNA into three fragments with 
EcoRI nuclease, removing the central (or “C’’) fragment, and 
annealing the outside fragments with an RI digest of foreign 
DNA. We have recently introduced three amber mutations— 
Wam403, Eam1100, and Sam100—-into Agt-AC with the object 
of making the phage less likely to encounter a susceptible host 
in nature’, The NIH Advisory Committee on Recombinant 
DNA Research, on the basis of appropriate tests, has certified 
ABtWES-2A.C as an EK2 vector? 4, 

In order to extend the usefulness of this vector to the cloning 
of smaller fragments of DNA (such as synthetic, double- 
stranded DNA derived from the reverse transcription of 
mRNA) and to obviate the need for biochemically deleting the 
53,400 base pairs central EcoRI restriction fragment, AC, we 
have replaced the XC fragment with the phenotypically inert 
EcoRI fragment AB (refs 5-7). 

(In addition to genetic tests necessary to verify the mutations 
present in AgtWES-AC, the right and left restriction fragments 
of the phage must be purified from the AC fragment before 
their inclusion in EK2 recombination reactions. The AC 
fragment encodes genes involved in integration, int, xis and 
att, as well as phage-promoted generalised recombination, red. 
This fragment can be accommodated in hybrids with foreign 
DNA fragments as large as 7,000 base pairs. Thus the AC 
fragment must be biochemically removed to minimise the 
opportunity for recombination between bacterial host DNA 
and a potentially deleterious hybrid as well as to prevent the 
outgrowth of red* reconstituted parent-like recombinant phage. 
While this purification can be accomplished by sucrose gradient 
sedimentation or Agarose gel electrophoresis, both procedures 
are wasteful of time and materials and may damage the single- 
stranded portion of the RI cleavage site.) 

The new derivative retains all the safety features of 
Agt WES-AC but now lacks the XC fragment and the à elements 
ini, xis, att and a portion of the à red gene, which therefore, 
no longer need to be deleted biochemically. Since the AB 
fragment contains two immediately adjacent Ssrl restriction 
endonuclease sites (S. Goff, personal communication) which 
enable AgtW’ES-AB to be cleaved into fragments of sufficient 
length for packaging, it can also be used in conjunction with 
various “tailing” and “blunt-end ligation” strategies to clone 
fragments of DNA less than 1,000 base pairs in length. Here 
we describe the construction and properties of Agt WES-AB. 

DNA from the two parental phages, Agt WES-AC and Agt-AB, 
were treated with EcoRI and permitted to recombine randomly 
in the presence of T4 DNA ligase (Fig. 1). Plaques obtained 
after transfection were screened for appropriate markers on 
three test strains. The desired recombinant contains the left 
and right arms from the first parent and the AB fragment from 
the second parent. The presence of amber mutations was 
recognised by failure to grow on a supO host (E.c off $94), and 
the presence of Sam100 by failure to grow on a supE host. The 
red plaque test was used to detect the absence of the middle AC 
fragment carrying the int and xis genes'®, From candidate 
recombinants obtained by this screening, the desired phage 
derivative carrying all three amber mutations was identified by 
marker rescue studies. Further genetic characterisation has 
confirmed that this derivative is red~ and carries cfts857 and 
the nin5 deletion (Table 1). 
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The selected recombinant, Agt Wam403 Eam1100 Sam100-AB, 
was characterised biochemically by its restriction fragment 
pattern (Fig. 2). EcoRI cleaves AgtWES:7B DNA into the 
three expected fragments: a 21.3 kilobase (kb) left arm, a 13.9 kb 
right arm and a 4.69 kb middle fragment characteristic of the 
XB fragment obtained from restriction of AcI857 or Agt-AB 
DNA. The restriction endonuclease SsrI cleaves 2, DNA at only 
two adjacent sites within the AB fragment (S. Goff, personal 
communication). Sst] cleavage of àgtWES-AB yields the 
expected three fragments confirming the presence of the AB 
fragment. Digestion with BamHI of AgtWES-2B and Agt-AB 
indicates that a single copy of the AB fragment has been inserted 
in the recombinant in reverse orientation. BamHI cleavage of 
both phage DNAs yields only four fragments. BamHI would 
generate a fifth easily-distinguishable band if a second copy of 
the XB fragment were present, regardless of its orientation with 
respect to the first. On the basis of their gel mobility, the size 
of these fragments in Agt-AB are 5.4 kb, 16.7 kb, 6.4 kb, and 
11.4 kb as would be expected from the 2 BamHI cleavage map’. 
However, in the new recombinant the second and third frag- 
ments are 19.3 kb and 3.8 kb, respectively, as would be expected 
from the fragment orientation shown in Fig. 1. 

The new vector, AgtWES-7B, greatly simplifies the prepara- 
tion of hybrid recombinants under EK2 conditions. Since the 
vector lacks the fragment on which genes for integration and 
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Fig. 1 Construction of Agt Wam403 Eam!!00 Samil00-AB 
EcoRI fragments of the two parents Agt WESC and Agt-AB are 
represented as separated solid lines and labelled A, B, C, DEF 
at the top of the figure. BamHI sites in the phage DNA are repre- 
sented as arrows and both EcoRI (ref. 8) and BamHI (ref. 9) 
target sites are given at the bottom of the figure as percentage A 
unit length. Deletions are represented as hatched boxes. The 
deletion in the right arm of all three phages is nin5. The prepara- 
tion of Agt Wam403 Eamli00 Samt00-AC DNA has been 
described previously®. The construction of Agt-AB has been 
described'. The phage was prepared from plate stocks'®. Agt-AB 
DNA was prepared from purified phage as previously described’. 
ARtWES-2C and Agt-AB DNA were digested at 50 gml“, 
and 25 pg ml ~, respectively, by EcoRI at 60 Uml? in separate 
50-1 reactions containing 0.1 M Tris-HCl, pH 7.9; 50mM 
NaCl; 12 mM MgCl; 0.1 mM EDTA for 30 min at 37 °C. The 
reactions were stopped by incubation for 5 min at 70°C. The 
DNAs digested with EcoRI were then mixed in a 50-pl reaction 
mixture containing 20 gml ~? AgtWES-AC DNA, 8.3 pg mi~ 
Agt-AB DNA, 0.1 M Tris-HCl, pH 7.5; 50mM NaCl; 12 mM 
MgCl; 0.1 mM EDTA: 10 mM dithiothreitol; 0.1 mM ATP 
and 50 ug mi~ bovine serum albumin and recombined by in- 
cubation for 48 hat 9°C with 0.5 Umi T4 DNA ligase 
(Miles). The reactions were diluted to 1.0 pgml~! DNA and 
used to transfect a Tl-resistant isolate of JCS183 (E. coli F- 
sheAS recB2! recC22 gal~ Endo I~) (ref. 11) essentially as des- 
cribed in Cameron ef al". The transfected cells were plated 
with the indicator gal deletion strain SA825 (supF). Plaques 
which contained amber mutations were scored by failure to grow 
on supO strain 594, Plaques containing Sam{00 were scored 
by poor growth on the supE strain C600. Plaques containing 
the AB fragment were scored by their formation of white plaques 
in the test for ftr-xis devised by Enquist and Weisberg’. As 
indicated in Table 1, candidate recombinants were scored for 
the presence of Eami 100 by their growth on grok, The presence 
of all three ambers was confirmed by marker rescue studies 
described in Table 1. 
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Table 1 Genetic analysis of à vectors 
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The presence of the genetic marker listed was determined by several methods indicated as follows. . | 
*Complementation tests were performed as described by Shimada ef al. +, Plaque formation on 594 (sup0); —, no plaques observed for 


the given complementation test, 


+Phage carrying the Eam!100 mutation will form plaques (+) on strain Ymel groE whereas phage lacking the mutation will not (—) 


(refs. 2 and 15). 


tThe red plaque test for A iat and xis function was used as described by Enquist and Weisberg”. 


(int—xis)* . —, white plaques or (iat—xis)™. 


b, Formation of red plaques, thus 


§Phage lacking the A red function will not form plaques on Feb~ hosts'®, We used Ymel /igts7 at 32 °C as the Feb~ host. +. Phage growth 


on this host; —, no growth. 


4Phages carrying the clts857 mutation form turbid plaques at 32 °C and clear plaques at 42 °C. +, Phages with this phenotype. 
The presence of the ninS deletion was determined as described in Enquist et al.?. +, Phages carrying the nin5 deletion. 


generalised recombination. reside, the larger à fragments need 
not be purified and the possibility of low-level AC fragment 
contamination is eliminated. As with AgtWES-27C, this vector 
should accommodate DNA fragments as large as 13-15 kb. 
The susceptibility of AgtWES-AB DNA to SstI nuclease has 


Size 
(kb) 








Fig. 2 Restriction enzyme analysis of Agt H’am403 Fam! 100 
Sami00-AB DNA. a, Agt Wam403 Eam! 100 Sam100-AC 
(EcoRI), b, Agt Wam403 Eam!!00 Sami00-AB (EcoRI); c, 
AgtAB (EcoRD; d, Agt-àAB (BamHI): e, Agt Wam403 Eami 100 
Saml002AB (BamHD, A Agt Wam403 Eaml 100 Sam!00-2B 
(Sst); g, Agt Wam403 Eami 100 Saml00-AC {Sst 1). The mobility 
of standard AcI857 EcoRI fragments in this gel system is 
represented by the horizontal lines and then sizes are given in 
kilobase pairs. Agt W’am403 Eam!100 Sam1G0-AB phage was 
prepared by liquid infection initiated at a multiplicity of 0.01 
and a cell density of 2« 10% ml-?!. After an 8-h incubation at 
37 °C, the suspension was treated with 1° CHCI, for 10 min 
at 37 °C, brought to 10 mM MgCl, and centrifuged for 10 min 
at 20,000g to remove cell debris. AXc1857, Agt Wam403 Eam1100 
Saml AC and Agt-AB phage were prepared from induced 
lysogens or plate stocks*®. Phage purification and DNA isolation 
have been previously described?. DNA solutions (30 to 830 
ug ml™i) are stored at 0-S °C in 10mM_ Tris-HCl, pH 7.5; 
0.1 mM EDTA. EcoRI was purified from E. coli BRY 13.3/1100.5 
(to be described elsewhere). Purified Sst] was the gift of Dr Steven 
Goff. BamHI was obtained from Bethesda Research Labs. The 
standard restriction reaction contained 0.3 pg DNA in 25 pl and 
sufficient enzyme to cleave 1.0 ug DNA. The EcoRI buffer was 
0.1 M Tris-HCl, pH 7.9; 50 mM NaCl; 0.1 mM EDTA; 12mM 
MegCl,. The Sstland BamHI buffer was 20 mM Tris-HCI, pH 7.5; 
7.0 mM MegCl,; 60 mM NaCl, 2mM_ B-mercaptoethanol. The 
reactions were incubated for 45 min at 37 °C. After subsequent 
incubation for 5 min at 75 °C, the reactions were electrophoresed 
through 1.0% Agarose (Seakem) slab gels as described pre- 
viously". The DNA was stained by immersion in 0.00252 
ethidium bromide for 3 min and made visible under an ultra- 
violet lamp. The small {.0-kb band generated by the Ssrl cleavage 
is not readily visible in the contact print of this gel system. 


two implications. First, it should be possible to treat the vector 
with Sstl as well as EcoRI before hybrid formation to eliminate 
the bulk of parental recombinants. The EcoRI AB fragment 
when reduced to two fragments each with one EcoRT and one 
Sst] end will still anneal to other EcoRI-ended fragments but 
will require the ligation of two EcoRI cleavage sites and an 
Sst! cleavage site in order to form a viable transfectant. The 
introduction of foreign DNA fragments containing only EcoRI 
ends requires only the annealing and ligation of two EcoRI 
sites. Second, the two arms created by Ssi cleavage of 
AgtIFESAB DNA are sufficiently longer than the EcoRI arms 
to allow them to be resealed into plaque-forming DNA. Soil 
arms thus represent a potential EK2 vector for insertion of 
low molecular weight double-stranded DNA molecules which 
are too short for insertion into the EcoRI arms alone. 

We thank Dr R. W. Davis for Agt-AB phage. Dr S. Goff for 
purified Sstl, Dr J. Davies for E. coli BRY 13.3/1100.5, Dr 
A. J. Clark for E. coli strain JC4183, and Drs R. Weisberg and 
N. Sternberg for helpful discussion, We thank Ms Catherine 
Kunkle for her assistance in preparing this manuscript. 
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RNA pattern of ‘swime’ influenza 
virus isolated from man is similar 
to those of other swine influenza viruses 


IN February 1976, during an epidemic of influenza among 
military recruits at Fort Dix, New Jersey, five virus isolates were 
obtained which contained haemagglutinin and neuraminidase 
antigens indistinguishable from those of isolates of swine 
influenza virus!. Subsequent evidence of elevated serum anti- 
body titre against ‘swine’ influenza virus in hundreds of indi- 
viduals at Fort Dix! prompted the US government to launch a 
national immunisation programme against ‘swine’ influenza 
virus. One current theory suggests that new, pandemic strains 
of influenza virus result from genetic recombination of human 
influenza A viruses and strains of virus that are resident in 
animal populations?. According to this hypothesis, recombin- 
ants may emerge containing genes derived from the animal virus 
which code for novel surface proteins, and genes derived from 
the human virus which confer properties of virulence in man. 
We have demonstrated that the genetic composition of re- 
combinant viruses could be determined by comparison of RNA 
patterns of recombinant and parent viruses on urea—polyacryl- 
amide gels'—’, We have therefore used the same techniques to 
explore the possibility that the ‘swine’ virus isolated from 
recruits at Fort Dix is a recombinant of swine influenza virus 
from pigs and H3N2 influenza A virus currently prevalent in 
man. 

Figure 1 shows the RNA patterns of three low passage 
isolates of ‘swine’ virus obtained from three patients at Fort Dix. 
All three isolates are identical with respect to the migration of 
the eight corresponding RNA segments on urea—polyacrylamide 
gels, confirming previous observations regarding the repro- 
ducibility of the RNA patterns in this system. 

We compared the RNA pattern of the New Jersey ‘swine’ 
virus isolate with those of four influenza viruses isolated from 
swine and with that of a H3N2 virus isolated from recruits 
during the same epidemic at Fort Dix in February, 1976. 
Figure 2 demonstrates the results of one experiment, but it 
should be noted that at least three different ?*P-labelled RNA 
preparations were made from each virus and that numerous 
gels were run to verify the results. 

Figure 2 shows that tho RNA pattern of the New Jersey 
‘swine’ virus, A/NJ/11/76, isolated from man (lane 2) is virtually 
identical to that of the swine virus isolate A/swine/Taiwan/1/75 
(lane 3), and except for the fifth RNA segment closely resembles 
the pattern produced by another swine virus isolate, A/swine/ 
Tennessee/1/75 (lane 4). Comparison of a third swine virus, 
A/swine/Wisconsin/1/73 (lane 7), and the New Jersey ‘swine’ 
virus (Jane 8) reveals close similarity of the top four RNA 
segments as well as slight differences in mobility of RNA 
segments five to eight. In contrast, each of the RNA segments 
of the H3N2 virus, A/NJ/743/76 isolated from recruits during 
the same epidemic at Fort Dix (lane 1) could be distinguished 
from the corresponding RNA segments of the New Jersey 
‘swine’ virus (lane 2), except possibly for RNA segment three. 
Note that the fourth segment of both viruses codes for 
haemagglutinin and the fifth segment of A/NJ/743/76 (H3N2) 
and the sixth of A/NJ/11/76 (Hsw1N1) code for the respective 
neuraminidases’:*. In particular, swine viruses were characterised 
by a broad diffuse band at the top in which RNAs 1 and 2 
cannot easily be resolved. Furthermore, the eighth RNA 
segments of all swine viruses migrate faster than the correspond- 
ing segments of H3N2 viruses. 

Figure 2 also demonstrates the RNA pattern of an H3N2 
virus isolated from swine in 1970, A/swine/Taiwan/1/70 (lane 6), 
which except for RNA segment seven is clearly distinguishable 
from patterns produced by the other swine virus isolates. This 
observation is in accord with the previous assumption that this 
strain, A/swine/Taiwan/1/70, is a virus of man which crossed 
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species barriers and infected pigs’. (Comparison of the RNAs 
of this virus with those of A/Hong Kong/8/68 virus on other 
gols reveal very similar patterns.) 

Figure 3 is a photograph of another gel demonstrating the 
RNA patterns of some of the viruses not completely resolved 
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Fig. 1 Analysis of RNAs of three New Jersey ‘swine’ Influenza 
virus isolates on a 6M urea-polyacrylamide gel. RNAs were 
labelled with **P Suns a one-step growth cycle in MDCK 
(canine kidney) cells as described previously*~’ Electrophoresis 
ona 6 M urea (2 6 %)—polyacrylamide gel was carried out according 
to previously published procedures’. Migration was from top 
to bottom. The RNA segments are numbered | to 8. a, RNA of 
influenza A/NJ/11/76 (New Jersey ‘swine’; HswIN!1) virus; 
b, RNA of influenza A/NJ/8/76 (New Jersey ‘swine’; HswIN1) 
virus; c, RNA of influenza A/NJ/9/76 (New Jersey ‘swine’; 
HswIN1) virus. Throughout the manuscript we are using the 
system of nomenclature recommended by the WHO”. According 
to this system only viruses isolated from swine carry the strain 
designation swine. The strains isolated from recruits at Fort Dix, 
which are characterised by swine virus surface antigens, are, 
however, referred to as New Jersey ‘swine’ viruses In this report. 
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Fig. 2 Comparison of the RNA pattern of the New Jersey ‘swine’ influenza virus with those of A/NJ/743/76 (H3N2) virus and four viruses 
isolated from pigs. Conditions of electrophoresis on the 6-M urea—polyacrylamide gel are as in Fig. 1. The RNA segments of A/NJ/743/76 
and the New Jersey ‘swine’ virus (A/NJ/11/76) are numbered 1 to 8. The haemagglutinin genes (RNA 4) and the neuraminidase genes 
(RNA 5 or 6) of these two viruses are identified by arrows’**. Lanes: 1, RNA of influenza A/NJ/743/76 (H3N2) virus; 2, 5 and 8, RNA of 
A/NJ/11/76 (New Jersey ‘swine’; HswIN1) virus; 3, RNA of influenza A/swine/Taiwan/1/75 (HswIN1) virus; 4, RNA of influenza 
A/swine/Tennessee/ 1/75 (Hsw1 N1) virus; 6, RNA of influenza A/swine/Taiwan/1/70 (H3N2) virus; 7, RNA of influenza A/swine/Wisconsin/ 
1/73 (HswI N1) virus; note that in the conditions of labelling and growth used, virus with equimolar distribution of RNAs is not always 
obtained. 


in Fig. 2. (We found it difficult to obtain clear resolution of each 
sample when many viruses are compared on a single gel.) Again 
it can be seen that the pattern of the New Jersey ‘swine’ virus 
in lane 2 resembles that of A/swine/Wisconsin/1/73 (lane 3) and 
can be distinguished from that produced by either the 1976 
H3N2 strain, A/NJ/743/76, (lane 1) or the H3N2 strain, 
A/swine/Taiwan/1/70, isolated from swine in 1970 (lane 4). 

Based on this preliminary analysis, we suggest that the New 
Jersey ‘swine’ strain is closely related to other swine viruses— 
particularly the A/swine/Taiwan/1/75 virus—with respect to all 
of its 8 genes and most likely was not derived by recombination 
involving the current human H3N2 strain. 


We recognise potential pitfalls in this kind of RNA analysis. 
First, slight differences in migration rates of comparable RNA 
segments of two viruses may reflect only minor differences in 
nucleotide sequences, masking genetic homology. Second, it is 
possible that the New Jersey ‘swine’ virus isolate is a recombin- 
ant which derives some of its genes from an unrecognised H3N2 
parent. Although we have compared the RNAs of five different 
H3N2 strains with that of the New Jersey ‘swine’ virus we are 
aware that these represent only a small sample of potential 
parents. In addition, we cannot exclude the fact that some small 
differences in RNAs may not be detectable by this method. 
Consequently a definitive analysis of the genetic composition 
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Fig. 3 Analysis of the RNAs of the New Jersey ‘swine’ influenza 
virus with those of A/NJ/743/76 (H3N2) virus and two isolates 
from pigs. Conditions of electrophoresis are as in Fig. 2 but new 
RNA preparations were used. The RNA segments of A/NJ/743/ 
76 and the New Jersey ‘swine’ virus (A/NJ/11/76) are numbered 
| to 8. Arrows identify the haemagglutinin genes (RNA 4) and 
the neuraminidase genes (RNA 5 or 6)", Lanes: 1, RNA of influ- 
enza A/NJ/743/76 (H3N2) virus; 2, RNA of influenza A/NJ/11/76 
(New Jersey ‘swine’; HswiNt) virus; 3, RNA of influenza 
A/swine/Wisconsin/1/73 (HswI N1) virus: 4, RNA of influenza 
A/swine/Taiwan/1/70 (HswI N1) virus. 
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of the New Jersey ‘swine’ virus can only be obtained by more 
sensitive and elaborate techniques such as oligonucleotide 
fingerprinting of all of the RNAs or peptide mapping of each 
of the gene products. 

It is conceivable that the New Jersey ‘swine’ virus acquired 
properties of virulence in man after selection during sequential 
passage in man; but if recombination between human and 
animal strains is generally required for the emergence of new 
strains virulent for man, we would regard the New Jersey 
‘swine’ virus to be an unlikely candidate for the next influenza 
pandemic. (Since the submission of this manuscript it has been 
reported that the New Jersey ‘swine’ virus is in fact less virulent 
for man than other human influenza virus isolates.) 
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Errata 

In the article “Three step yielding of load clamped 
mammalian cardiac muscle’ by P. Housmans and D. L. 
Brutsaert (Nature, 262, 56; 1976) line 30 on page 57, 
,. . length change, of phase 2 and the magnitude and 
speed of . . . should be replaced by . . . the clamp (Fig. 2, 
lower), disclosed that the length change of... 


In the article “The zoo: 150 years of research” by L. 
Harrison Matthews (Nature, 261, 281; 1976) the illustration 
at the top of page 282 is of the walrus Trichecus rosmarus 
and not the bearded seal as indicated. 


Nature Index and Binders 
The Index for 1975 is now available, price 
£2.25. Copies of the 1974 index are still on 
sale, price £3.00. Binders for the journal are also 
available at £8.00 for four (a year of Nature fits 


into four binders). 

Postage is included in the above prices. Orders 
should be sent, accompanied by remittance to 
Macmillan Journals Ltd, Brunel Road, Basing- 
stoke, Hampshire, England. 
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matters arising 


Bicuculline and 
visual responses 


DuFFy et al! proposed that the in- 
fluence of intravenously administered 
bicuculline on the receptive field 
properties of neurones in the visual 
cortices of cats which have experienced 
monocular deprivation indicates the 
“active inhibition of the relatively in- 
tact input from the amblyopic eye” by 
information arising from the normal 
eye. 

In investigations of this type, it 
hardly seems necessary to expose un- 
anaesthetised, paralysed animals (ad- 
mittedly Jocally anaesthetised ‘‘to avoid 
possible confounding” of the results) 
to bicuculline admunistered systemi- 
cally, particularly when its action ‘‘was 
often complicated by its potent convul- 
sive effects” The microelectrophoretic 
administration of bicuculline or other 
GABA antagonists near physiologically 
identified neurones in various regions 
of the visual system would be likely to 
provide more definitive evidence re- 
garding the involvement and localisa- 
tion of GABA-mediated inhibitory 
mechanisms in binocwar vision, and 
their penturbation as a consequence of 
monocular deprivation, with consider- 
ably less distress to the experimental 
animal. 

Davip R. CURTIS 


Department of Pharmacology, 
Australian National University, 
Canberra, Australia 


1 Duffy, F H , Snodgrass,S R., Burchfiel, J L 
Conway, J. L , Nature, 260, 256-257 257 (1976) 


„and 


DUFFY ET AL REPLY—Curtis has raised’ 
at deast two issues. He seems to imply 
that the use of locaHy anaesthetised 
animals is improper or unwarranted 
and, second, he raises the issue of the 
proper place of iontophoresis in phar- 
macological studies of the amblyopic 
animal, 

We feel that experimenters have an 
obligation to minimise an animal’s dis- 
comfort. No procedure, however, can 
successfuHy claim total freedom from 
trauma. General anaesthesia is probably 
the best in this regard and should be 
used whenever possible. General anaes 
thetics do act on the brain and, in our 
experience, modify the receptive field 
characteristics in the visual and 
somatosensory system. Furthermore, 


_ other 


anaesthetic agents may interact with 
experimentally administered 
drugs, thereby confounding experi- 
mental findings and possibly requir- 
ing additional experimentation. Since 
most neurophysiological and neuro- 
pharmacological investigations result in 
an animal’s death, we feel that experi- 
menters have an equal obligation to 
minimise the number of animals used. 

In the course of behavioural studies 
of amblyopic cats, we have admini- 
stered bicuculline to a number of awake 
and unrestrained animals. Bicuculline 
seems to have a sedative effect at low 
and medium dosage levels. At higher 
levels, epileptic activity in the EEG 
and convulsions occur quite suddenly 
and result in an immediate loss of 
consciousness Cats do not seem un- 
duly distressed at any time For all 
these considerations, we felt that the 
locally anaesthetised preparation was 
best for our initial experimentation. 

We agree with Curtis that ionto- 
phoresis is especially useful for dis- 
cerning the location of a given drug 
effect within the nervous system, but 
feel that it has some problems as an 
exploratory technique. For example, a 
negative iontophoretic study with bi- 
cucullme in amblyopic cats would not 
have great meaning unless many 
regions were sampled which would 
necesgtate the use of more animals. 
We would also point out that when 
the data obtained with iontophoretic 
and intravenous drug administration 
are in apparent conflict, it is by no 
means certain that the iontophoretic 
data give a correct perspective. For 
example, we œe the recent work of 
Ben-Ari and Keely where ionto 
-phoretic, but not intravenous, flupen- 
thixol blocked the response to ionto- 
phoretically applied dopamine. We do 
plan to make use of iontophoresis in 
the future and expect that it will be 
useful in elucidating the detailed 
mechanism of effect. 

Finally we agree that intravenous 
bicuculline is a toxic agent and have 
been seeking a safer agent with a longer 
duration of action. We believe that 
intravenous administration of ammoni- 
um salts may meet these requirements. 


Children’s Hospital Medical Center, 
Boston, Massachusetts 
1 Curt, D. R 


2 BomAri X , Aye Ponce. Lond ,256,1 


Mammalian cell 
growth regulation 


HOLLEY has proposed that mammalian 
cell growth regulation in culture is 
regulated primarily by the depletion of 
diffusable resources, especially poly- 
peptide factors; that the responsiveness 
of cells to such factors is density de- 
pendent; and that this responsiveness 
changes in a characteristic manner 
following transformation. 


If this theory is correct, the following 
must be true: (1) that normal and malig- 
nant cells differ demonstrably in their 
growth regulatory policies; (2) that 
growth control involves a conventional 
density dependence; (3) that growth 
inhibition at high density is not merely 
the result of culture starvation by careless 
investigators; and (4) that mechanisms 
other than diffusable substances contn- 
bute little to growth regulation. 

It may fairly be stated that there is no 
in vitro cell characteristic which has ever 
been rigorously demonstrated to correlate 
with and be diagnostic of the malignant 
state for a broad spectrum of cell types. 
The following im vitro indices are not 
broad spectrum malignancy correlates: 
saturation density, multilayering, con- 
tact growth inhibition, growth rate, and 
growth in low serum*®-"°; cell adhesive- 
ness and surface charge“; lectin 
agplutinability4!*; fibrinolytic acti- 
vit; cell morphology and karyo- 
type®* 2-22 A recalculation of chi-square 
values for the data of ref. 23, assuming 
3T3 cells to be malignant because of 
their production of tumour angiogenesis 
factor™ and in vive tumorigenicity’, casts 
grave doubt on the lack of anchorage 
dependence as a valid tumorigenicity 
index. Similarly, the satus of the LETS- 
SF complex is in doubt because many 
studies of it have used as ‘‘normal” 
controls either cell lines of untested 
tumorigenicity or lines known (3T3 
(ref. 2), BHK21 (refs 9 and 25) or sus- 
pected (Wi38 ref. 24)) to be tumorigenic. 
Holley’s argument about growth policy 
differences between normal and malig- 
nant cells is clearly without foundation. 


Holley contends that density-dependent 
growth regulation is “due to a quantita- 
tive increase in the requirements for 
macromolecular growth factors as cell 
density increases.” His only basis for this 
statement is the citation of three 
references which speculate about growth 
regulation by the density-dependent 
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control of cell surface area and nutrient 
uptake, a theory which now seems un- 
likely?t35, and “wound healing’ in 
monolayer culture. This wound healing, 
once thought to be density dependent, 
now seems to involve the destruction of 
an external diffusion barrier near the cell 
surface”, In certain culture systems, 
growth inhibition definitely does not 
involve density dependence”. 

Holley defines _ density-dependent 
growth regulation as a tendency for cells 
“to grow to a ‘saturation’ density and 
then stop growing.” This definition is un- 
satisfactory. Density dependence is a 
change per cell in the value of a cellular 
property as population density changes. 
As a rule, a density dependence of 
growth operates at all population den- 
sities and may involve either or both the 
promotion and inhibition of growth 
rate!?-*6-27) Tn culture, the inhibition of 
cell growth usually occurs even when 
nutrients and diffusable factors are in 
excess and not rate limiting? °4077-%%, 
Although in well fed cultures growth in- 
hibition is occasionally observed*, it 
occurs at much higher densities than are 
normally employed and probably re- 
flects the restriction of diffusional trans- 
port either by an external diffusion 
barrier”! or by multilayering. Growth 
inhibition and its density dependence 
in culture are not usually the result of 
resource depletion except for the special 
situation in which the investigator fails to 
provide adequate nutrient to his cultures. 
In general, both ‘saturation’ density and 
quiescence are starvation arte- 
facts?-8- 10: 27-33 

Holley’s acceptance of the physio- 
logical significance of certain diffusable 
growth affectors is uncritical. Of the 
materials he cites, only the nerve and epi- 
dermal growth factors (NGF, EGF) are 
clearly growth regulators in vivo. Plant 
lectins certainly are not, cyclic AMP pro- 
bably is not?™®, while the role of fibro- 
blast growth factor, insulin, hydro- 
cortisone, prostaglandins, antigens, and 
proteolytic enzymes in vivo is unknown, 
Since blood vessels are selectively per- 
meable, the mere presence of a growth 
affector in serum does not mean that the 
substance regulates cell growth. Its 
presence in the interstitial fluid sur- 
rounding a suspected target cell must also 
be demonstrated. Similarly, a growth 
affector from one species of vertebrate 
cannot be considered physiological when 
applied to cells from another, as is the 
case with several of the studies Holley 
cites. Even Holley’s use of the term 
‘polypeptide factors’ is in error. Such 
factors (S,, erythropoietin, EGF, NGF, 
S,) are often multimers and often of very 
high molecular weight (26, 46, 74, 140, 600 
kdalton respectively); or very small and 


not polypeptides at all (putrescine, 
uridine, adenine). 
Finally, recent evidence raises the 


possibility that the extracellular matrix 





Matters arising 


Matters Arising is meant as a 
vehicle for comment and discus- 
sion about papers that appear in 
Nature. The originator of a 
Matters Arising contribution 
should initially send his manuscript 
to the author of the original paper 
and both parties should, wherever 
possible, agree on what is to be 
submitted. Neither contribution | 
nor reply (if one is necessary) 
should be longer than 300 words 
and the briefest of replies, to the 
effect that a point is taken, should 
be considered. 


may contribute to growth regulation in 
some systems*!#3, and that contact 
interactions may also?’, though not in 
the manner postulated by Todaro and 
others. 

In summary, 
complex, confusing, 
understood. Certain diffusable sub- 
stances (NGF, EGF, erythropoietin, 
colony-stimulating activity) are clearly 
physiological growth regulators. And 
certainly density-dependent growth re- 
gulation occurs in many culture systems, 
though it is far more complex and often 
differs fundamentally from Holley’s des- 
cription of it. While density-dependent 
growth regulation is sometimes mediated 
by diffusable substances, it is probably at 
times mediated by matrix and contact 
interactions as well. There is at present 
no evidence for density-dependent in- 
creases by cells in their resource require- 
ments, nor is there evidence that resource 
depletion regulates growth in vivo. Even 
in culture, resource depletion seldom con- 
tributes to growth regulation of well fed 
cells. Finally, no general difference 
between normal and malignant cell 
growth regulation in culture has ever 
been rigorously proved. 


growth regulation ts 
and not at all 
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HOLLEY REPLIES--Growth regulation is 
complex, but T believe Skehan makes the 
subject unnecessarily confusing. 

Tt is unlikely that all tumors are iden- 
tical, so it is unrealistic to expect the 
absolute correlation of tumorigenicity 
with a single property as Skehan de- 
mands!. Nevertheless, there are differences 
between “normal” and tumorigenic cells 
and the two types of cells often differ 
greatly in their growth behaviour in cell 
culture. It is important to understand the 
differences that are observed and this was 
the subject of the review”. 

Skehan is influenced by what he con- 
siders to be a discovery of “growth 
inhibition” at low cell density”. In my 
view, Skehan has not discovered a 
growth inhibition but rather uses the 
term incorrectly, and has confused the 
literature. Cell cultures that begin with 
quiescent cells normally show a lag 
period, then a period in which there is 
one relatively synchronous cell division, 
and then an extended period of asyn- 
chronous growth. Skehan plots? such a 
growth curve in the form of growth rate 
per day and concludes that there is 
“growth inhibition” at the end of the 
period of synchronous cell division, 
since the rate of appearance of new cells 
falls. In my view, the transition from a 
brief period of synchronous cell division 
to asynchrony in a growing population 
is not properly called “growth inhibition.” 

There are several inaccuracies in 
Skehan’s present comments! but they will 
be detected by anyone who reads the 
review", 


The Salk Institute 
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Megaliths, Myths and Men: An In- 
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Is there such a subject as astro-archae- 
ology? The word obviously implies not 
only that pre-literate cultures possessed 
an astronomical tradition, but also that 
some part of the tradition can be re- 
trieved from surviving artefacts. The 
most frequently cited instance of such 
retrievat—and the one that forms the 
theme of this book—is provided by the 
megaliths and their alleged orientation 
towards ..astronomically significant 
points on the horizon. The problem is 
the degree of certainty that can be 
attached to any conclusions—after all, 
some of the proposed orientations, with 
their accompanying interpretations, are 
still in dispute today after nearly a 
century of discussion. 

A central difficulty is that we are not 
dealing with a single debate, but with 
a range of topics not all of which are 
contested with equal vigour. At one 
extreme, there is the basic question 
~—-Do any astronomically significant 
orientations of megaliths indisputably 
exist? Then, somewhere in the middle, 
one might ask whether astronomically 
sophisticated orientations——for example, 
to particular bright stars—occur. At 
the other end of the spectrum, can any 
significance at all be attached to the 
so-called ‘leys’--that is, alleged align- 
ments of widely differing prehistoric 
features, often over considerable dis- 
tances? 





coerce) 


Mr Lancaster-Brown’s book, which 


examines all these questions, is intended 
for the uninitiated. Technical astro- 
nomy is not avoided, but the necessary 
concepts and jargon are introduced as 
the need arises. A genuine beginner 
may find the problems of the celestial 
sphere occasionally hard to visualise, 
but the explanations are generally 
clear. The text is primarily concerned 
with present-day attitudes, but we are 
also. given an extended survey of the 
historical. development of interest in 
the subject, These two themes are by 
no means. distinct, for part of the con- 
tinuing controversy over the credentials 
of astro-archaeology has derived from 
the excessive claims of some of its past 
adherents. A short diversion outside 





Credentials of astro-archeology 


Western Europe to examine pyramido- 
logy ties in both with the main dis- 
cussion of astronomically oriented 
monuments, and with a subsidiary 
question that has often been raised 
simultaneously: whether or not the 
builders of megalithic structures used 
a standard measure of length. 

In terms of our initial range of 
topics, as Mr Lancaster-Brown notes, 
the majority of people who have 
examined megaliths now believe that 
astronomical orientation of some sort 
is certainly present. At the other ex- 
treme, few—except occultists—give 
much credence to leys. But the uncer- 
tain area remains the exact level of 
astronomical sophistication enshrined 
in the megaliths. Quite clearly, opinion 
in recent years has tended to allow 
our distant ancestors a more detailed 
aquaintance with astronomy than 
hitherto. This change has been partly 








Perier 


Soil Science and Archaeology. By 
Susan Limbrey. Pp. 384. (Academic: 
London.) £8.40. 


In recent years there has been a 
marked increase in the application of 
science to archaeology, but soil 
science has tended to be under- 
emphasised; this book corrects such 
a deficiency. The first part of the 
book summarises the nature of soil 
properties and pedogenesis. These 
principles are demonstrated in the 
following two parts by the description 
and evolutionary analysis of soils from 
selected environments. In the fourth 
part attention is focused on the 
archaeological attributes of soils. 
The inevitable problem with a book 
of this title is defining the audience 
to whom it is addressed; it could 
have been written as a research text 
for soil scientists involved with 
archaeology or as an introductory 
text on soils relevant to field archae- 
ologists. Instead it is written for 
archaeologists at all levels, but many 
will find the first part hard going, 
since a firm scientific background is 
assumed. Indeed the first three parts 
will prove to be of great use to 
students of soil science per se; in 


Soil science and archeology 
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A. J. Meadows 
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caused by the accumulation of data 
from new and more detailed surveys: 
but partly it stems from a somewhat 
greater willingness on the part of ar- 
chaeologists to accept that our ancestors 
were actually capable of such sopht- 
stication. It is unfortunate in this 
respect that so much space in the book 
is devoted to Stonehenge, since, al- 
though it may be fascinating from the 
point of view of speculative astronomy, 
it is one of the astronomically over- 
explained monuments in the eyes of 
archaeologists. Again, archacologists 
might wish to quibble at one.or two 
omissions from the list of select refer- 
ences. But the book adequately fulfills 
its role as an introductory survey. [© 
Professor Meadows is Head of the De- 
partment of Astronomy and History of 
Science at the University of Leicester, 
UK. 
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particular, the chapters on the history 
of podzolised and chalk soils in 
Britain are scholarly articles in their 
own right. 

The only general criticism which 
can be made is that the reader will- 
not gain detailed advice on how to 
carry out various procedures-—-for 
example, the classification and map- 
ping of soils. A common request to 
a soil scientist on an archaeological 
project is a soil or terrain map, and 
the fieldwork has usually to be com- 
pleted within a short field season. A 
demonstration of the necessary tech- 
niques could have centred around the 
greater use of examples and ilustra- 
tions. 

But Dr Limbrey has produced an 
authoritative text which deserves a 
wider audience than its title might 
imply. The usefulness of soil science 
to archaeology is very well demon- 
strated, and the potential contribution | 
of archaeology to our understanding 
of soil evolution is equally stressed. — 

Donald A. Davidson 
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Donald Davidson “Is a lecturer in the 
Department of Geography at the 
University of Strathclyde, UK. 








Enzyme 
electrophoresis 


| Handbook of Enzyme Electrophoresis 
in Human Genetics. By Harry Harris 
| and D. A. Hopkinson. (North-Holland : 
Amsterdam, 1976.) 


RECOGNITION that enzymes may occur 
in multiple, electrophoretically distinct, 
forms first found important practical 
applications in clinical laboratories 
where attention has been concentrated 
on the relatively few isoenzymes known 
to be of diagnostic significance. The 
discovery of isoenzymes, however, has 
had an even greater impact in genetics. 
Enzyme heterogeneity has been studied 
by electrophoretic and other techniques 
at the MRC Human Biochemical 
Genetics Unit for about two decades. 
The authors have now provided a 
distillate of their vast experience in this 
handbook which is supplied as loose 
leaves in a ring binder to which sup- 
plements can be added as they become 
avaliable. 

After briefly outlining the signifi- 
cance of isoenzymes, the principles 
of enzyme electrophoresis and methods 
for their subsequent detection, tech- 
niques for the more important 
methods, especially starch-gel edectro- 
phoresis, are described in sufficient 
detail to enable them to be set up else- 
where. The main part of the work is 
devoted to individual enzymes with 
summaries of necessary technical modi- 
fications and examples of the patterns 
obtained. Finally, brief tabulated sec- 
tions deal with enzyme subunits and 
the effects of thiol reagents, together 
with useful appendices. 

As would be expected from such 
distinguished authors, the work is 
authoritative and well written. The 
methods are clearly and concisely pre- 
sented and, although no attempt is 
made to give a complete bibliography, 
sufficient key references are included 
to enable original sources to be traced, 
Minor criticisms concern the use of 
certain obsolescent terminology—for 
example, glutamate-oxaloacetate trans- 
aminase--and the lack of standardisa- 
tion of the abbreviations. These, 
however, are trivial matters which do 
not detract from the value of the book. 
it will be useful, not only to geneticists. 
but also to clinical biochemists who at 
any time may encounter hitherto un- 
suspected enzyme anomalies. 

J. H. Wilkinson 
J. H. Wilkinson is Professor of Chemi- 
cal Pathology at Charing Cross 
Hospital Medical School, University of 
London, UK. 





Subnuclear 
components 


Subnuclear Components: Preparation 
and Fractionation. Edited by G. D. 
Birnie. Pp. 334. (Butterworth: 
London and Boston, Massachusetts, 
March 1976.) £15. 

Subnuclear Components is a valuable 
book for the practising research 
worker. It explains the immediate 
reasoning behind some popular prepa- 
rative techniques in an area in which 
the end justified the means. Happily, 
assessment of the end-product is in- 
cluded in most of the chapters. The 
discussions all lie in the areas between 
detailed descriptions of techniques and 
expositions of general principles, and 
provide a very valuable insight into 
the thinking and background associ- 
ated with some important experi- 
mental procedures, Each of the eight 
chapters is written by a different 
author or group of authors, all of 
whom are busy research workers 
themselves; and it is not surprising 
therefore that the text and proof 
reading are not as polished as I would 





Protoplasmic 
connections in plants 


Intercellular Communication in Plants : 
Studies on Plasmodesmata. Edited by 
B. E. S. Gunning and A. W. Robards. 
Pp. xvi+387. (Springer: Berlin and 
New York, 1976.) DM72; $29.60. 
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Tus volume contains 14 review papers 
presented and discussed at a meeting 
held in Canberra in June 1975, The 
aim of the volume according to the 
editors is to summarise what is known 
about the nature of plasmodesmata and 
assess the significance of these inter- 
cellular ‘protoplasmic connections in 
plant physiology. The contributors have 
performed a valuable service in collect- 
ing together information which was 
previously scattered widely in the 
literature, and the editors are to be 
congratulated on the skill with which 
they have integrated the papers and 
summarised the discussions at what 
must have been a very lively meeting. 

It is now nearly 100 years since Tang! 
described strands of protoplasm travers- 
ing the cell walls in the endosperm of 
certain seeds, but because of their 
extreme fineness (30-60 nm) their very 
existence remained in some doubt until 
the advent of the electron microscope. 
As Robards points out tn this volume, 
in spite of intensive study in the past 
10 years, many of the details of struc- 
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otherwise expect for £15 per copy. 
Less excusable is the long gap between 
writing and publication, during which 
time some material has been left 
behind by events such as the nucleo- 
some model for chromatin: and quite 
crazy is the tiny print used for the 
figure captions. Although many of 
the main techniques have been 
covered there are gaps in such areas 
as ribonucleoprotein particles, mitotic 
apparatus and DNA fractionation 
(DNA preparation is well covered in a 
chapter by Dr Butterworth). In the 
best chapters the available methods 
are critically discussed and a few 
chosen for detailed analysis. There 
are, however, some important gaps— 
for example, in the otherwise excel- 
ient discussion of histone preparation, 
chromatographic methods are almost 
ignored. Such problems are inevitable 
when the authors are presenting the 
detailed ‘behind-the-scenes’ analysis 
which make Subnuclear Components 
so valuable. Harry R. Matthews 
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Harry R. Matthews is a senior lecturer 
in the Department of Physics at the 
Portsmouth Polytechnic, UK 





-ure remain unresolved. In particular 
the relationship between the desmotu- 
bule and the endoplasmic reticulum of 
the adjoining cells is still uncertain. 

Even greater controversy surrounds 
the operation of plasmodesmata and 
much of the volume is devoted to this 
problem. The early suggestions of 
Haberlandt that protoplasmic connec- 
tions may function both in the trans- 
location of substances and transmission 
of stimuli are supported by a wealth 
of more recent circumstantial evidence, 
but an unequivocal demonstration that 
things actually move through plasmo- 
desmata is still awaited. Tyree has 
established that plasmodesmata may 
have sufficient capacity to transport 
solutes at the fluxes observed, but the 
basis of such transport is still obscure, 
This volume, with its extensive biblio- 
graphy, will form an excellent spring- 
board for anyone wishing to advance 
our knowledge in an intriguing field 
of research. 

The book is printed from ‘camera- 
ready’ typescripts without justified 
margins and one might have expected 
that the saving in time and cost would 
be reflected in more rapid publication 
and lower price than has been achieved. 

James F. Sutcliffe 


Physiology in the School of Biological 
Sciences at the University of Sussex, 
UK. and Editor-in-Chief of Annals of 
Botany. 
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John Richardson Marrack, DSO, MC, 
Emeritus Professor of Chemical Path- 
ology in the University of London, 
died in the USA on June 13, 1976. He 
was born on November 26, 1886 at 
Clevedon, Somerset, but soon moved 
to Tiverton, where he attended Blun- 
dels School, to which he remained 
greatly attached, and of whose Old 
Boy’s association he later became Vice- 
President. He went to St John’s College, 
Cambridge and then to the London 
Hospital Medical College, graduating 
in 1908. | 

His first research was on rheumatoid 
arthritis as a John Lucas Walker 
student, and later Beit Memorial Fellow 
at the laboratories of the Cambridge 
Research Hospital (which has become 
the Strangeways Laboratory). After the 
First World War, when he served in 
the RAMC, he went to the London 
Hospital as lecturer in Chemical Path- 
ology. He became interested in the 
properties of colloids, m 
studying the binding of calcium by 
serum proteins, and came to the con- 
clusion that colloid interactions were 
caused by definable and verifiable 
physical and chemical forces, acting 
between distinct protein entities. As an 
example he chose antibodies, whose 
nature was quite unknown and whose 
very existence as separate entities was 
doubted. In 1930 he showed that 
diphtheria antitoxin behaved as a 
distinct protein whose interaction with 
diphtheria toxin could be measured 
quantitatively. In a monograph pub- 
lished in 1934 (The Chemistry of Anti- 
gens and Antibodies) he proposed that 
the specific affinity of antibodies for 
antigens is determined by the same 
factors which determine the specific 
binding of molecules to form crystals, 
that is, the shape of the molecules and 
the spatial distribution and strength of 





Marie Laura Violet Gayler, March 
[891-August 1976, was the youngest 
of five daughters of Mr William Gayler, 
Director of Stamps and Excise at 
Somerset House. Her mother was an 
artist, a Gold Medallist of the Slade 
School, whose paintings were often ex- 
hibited at the Royal Academy. Marie 
graduated from London University in 
1912, and after teaching botany at the 
Colstan Girls’ School, Bristol, in 
1915 she joined Walter Rosenhain’s 
scientific staff in the Metallurgy De- 
partment of the National Physical 
Laboratory, and later married Dr J. L. 


initially from 


polar forces. The monograph contains 
a clear diagram elaborating the 
theoretical studies of Heidelberger and 
Kendall to illustrate what has now be- 
come accepted as the ‘lattice hypo- 
thesis’ of antigen-antibody interactions. 

Revised in 1938 this work has had a 
lasting influence, and convinced many 
chemists and biochemists that immun- 
ology was a fit subject for scientific 
study by themselves as well as by 
bacteriologists and serologists. Marrack 
was also the first to use methods which 
are now commonplace: equilibrium 
dialysis, whereby he indicated that anti- 


hapten antibodies were probably 
bivalent, and the attachment of 
coloured dyes to antibacterial anti- 


bodies, which inspired Albert Coons 
later to develop the technique of 
immunofluorescence. Marrack wrote 
few papers, by present day standards, 
and his encyclopaedic knowledge of 
immunochemistry appeared mostly in 
review articles. 

John Marrack was a 
character. Behind a shyness 
apparent abruptness lay kindness and 
intellectual integrity. He always wanted 
to be an athlete and was by tempera- 
ment a fighter-—-for seven years he 
was welterweight champion in the 
London University boxing tourna- 
ments. Throughout the whole of his 
adult life he was a keen walker (he 
knew Dartmoor intimately) and he 
never drove where he could go by 
bicycle. On more than one occasion 
when roused to righteous anger he took 
the law into his own hands and used 
his fists: once to apprehend a thief in 
the laboratory and again to despatch a 
gang of hoodlums who misguidedly 
attacked him on Whitechapel Station. 
His war record in the RAMC-—-DSO 
as a line medical officer and MC for 
investigations on the poison gas used 
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Haughton, a member of the same De- 
partment. She retired in 1947. 

Marie Gayler and a physical chemist, 
Miss L H. Hadfield, were the first 
women to be appointed to the scientific 
staff of the Department. She became a 
distinguished member of Rosenhain’s 
team, which in the 1920s and 30s at 
the NPL, helped to lay the scientific 
foundations of physical metallurgy and 
to give this country the leading posi- 
tion which it enjoyed in the subject for 
a couple of decades or more. 

Marie Gayler’s outstanding contri- 
bution, with Hanson and Haughton, 


and— 


against the British Army in 1917 
illustrates this aspect of his character. 
So also does his consistent champion- 
ship of the underdog. | 

During the Civil War in Spain, he 
was an active member of the Spanish 
Medical Aid Committee, and visited 
the International Brigade and the 
Spanish Republican army. About this 
time he became deeply concerned about 
the nutrition of children in Britain, 
influenced by L. J. Harris and Jack 
Drummond, and spent much time and 
effort campaigning for the Children’s 
Nutrition Council—-to such good effect 
that he was adviser to the Ministry of 
Food during the Second World War 
and wrote in 1942 a book (Food and 
Planning) which influenced the post- 
war planning of nutrition. 

These activities were regarded by 
many of his contemporaries as indica- 
ting that he was finished with research, 
but were entirely consistent with his 
character. When he returned to the 
laboratory in the Department of Path- 
ology at Cambridge in 1952, his main 
work had, in fact, been completed, but 
he began to exploit the growing knowl- 
edge of the structure of antibodies 
while devoting most of his energy to 
editing, for its first ten years, virtually 
single handed, the new journal 
Immunology. By now the importance 
of his earlier work had become widely 
understood and recognised and at the 
age of 76 he was made Visiting Pro- 
fessor at the University of Texas. Aft 
the First International Congress of 
Immunology in 1971 he was one of five 
to receive the Distinguished Service 
Award “For revolutionary ideas that 
have become commonplace in his life- 
time, and for pioneering work in the 
physicochemical interpretation of 
antigen-antibody interactions”. 

J. H. Humphrey 


of age-hardening in the duralumin 
family of aluminium alloys, which had 
been developed empirically by Wilm 
in Germany. A very important out- 
come of the NPL work was Y-alloy, an 
aluminium alloy which contaimed 
nickel as well as copper, magnesium 
and silicon, the normal alloying ele- 
ments in duralumin. The presence of 
nickel greatly improves the strength 
and hardness of age-hardened dura- 
lumin at temperatures of 150-200 °C. 
This makes Y-alloy eminently suttable 
as a material for the pistons of internal 
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combustion engines. Many derivatives 
of Y-alloy have been developed, among 
which are the RR series of alloys, one 
of which is used in the skin of the Con- 
corde which is heated by passage 
through the air at supersonic speeds. 
In the 1930s and 40s Marie Gayler 
took over the work at the NPL on 
dental amalgams. To understand the 
mechanism of the setting and hardening 
of amalgams she followed the tradi- 
tional NPL procedure, which was to 
establish the metallurgical constitution 
of the alloys, consisting essentially of 
silver, tin and mercury. The setting 
proceeds by diffusion at room tempera- 
ture of the mercury into the powdered 
silver-tin alloy. Novel metallographic 
techniques had to be worked out for the 


study of the complex processes of dif- 
fusion and reaction. To ensure the 
satisfactory prosthetic performance of 
the amalgam filling, close control of the 
volume changes occurring during and 
after setting must be assured. In rec- 
ognition of this side of her work Marie 
Gayler was made an Honorary Mem- 
ber of the British Dental Association 
in 1947, 

Although her principal researches 
were concerned with aluminium alloys 
and dental amaigams, Marie Gayler 
also carried out important investigations 
on iron-manganese alloys, and on the 
melting points of pure silicon and iron. 
In 1947 the Institute of Metals, in 
whose Journal many of Marie Gayler’s 
papers were published, awarded its 
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Platinum Medal jointly to her and her 
husband, Dr J. L. Haughton. 

After her retirement she was 
able to devote more time to her ` 


interest in sculpture; she sculpted 
the head of the late Professor 
Hume-Rothery: which now stands 


in the library of the Department of 
Metallurgy in Oxford University. 
Marie Gayler readily absorbed and 
whole-heartedly transmitted Rosen- 
hain’s enthusiasm and scientific re- 
sourcefulness. She worthily maintained 
and enhanced the traditions of the 
Metallurgy Department of the NPL, 
and her surviving colleagues remember 
her as a warm and helpful colleague 
of striking and attractive appearance. 
A. J. Murphy 





announcements 


Sota be Ratatrert-verennv enhanc ens 


Meetings 


November 11, Ecdysone Workshop, 
London (Dr. D. L. Whitehead, Tsetse 
Research Laboratory, Department of 
Veterinary Medicine, Langford House, 
Langford, Bristol BS18 7DU, UK). 


January 29-30, 1977, Human Skin 
Banking, Milwaukee, Wisconsin (Ralph 
M. Guttman, MS, Director, St Mary’s 
Skin Bank, PO Box 503, Milwaukee, 
Wisconsin 53201). 


March 2-4, 1977, Cell Differentiation 
and Neoplasia, Houston (Stephen C. 
Stuyck, MD, Anderson Hospital and 


Tumor Institute, Houston, Texas 
77030). 
March 28-April 1, 1977, Scanning 


Electron Microscopy, Chicago (Dead- 
line for abstracts: October 25) (Om 
Johari, Annual SEM Symposia, HT 
Research Institute, 10 W 35th Street, 
Chicago, Illinois 60616). 


May 3, 1977, Crop Protection, Ghent 
(Prof. Ir. R. H. Kips, Chairman of the 
Organising Committee, International 
Symposium on Crop Protection, 
Faculteit van de Landbouwwetenschap- 
pen, Coupure Links 533, B-9000 Ghent, 
Belgium). 


May 17-21, 1977, Study of Macromole- 
cules by NMR, Grasmere, UK (Dr 
D. H. Richards, Explosives Research 
and Development Est., Non-metallic 
Materials Branch, Powdermill Lane, 
Waltham Abbey, Essex). 


July 11-14, 1977, Gas Kinetics, Man- 
chester (Fifth International Symposium 
on Gas Kinetics, UMIST, PO Box 88, 
Manchester M60 1QD). 


July 11-15, 1977, Organometallic and 
Co-ordination Compounds of Ger- 


Person to Person 


A limited number of copies of the 
Genetic Hazards to Man from 
Environmental Agents, the pro- 
ceedings of a symposium held in 
Ottawa in May, 1975, and pub- 
lished in Mutat. Res., 33, (l), 
(1975) are available to scientists 
who would not have access to it 
otherwise. Please write to Dr John 
A. Heedle, Department of Biology, 
York University, 4700 Keele Street, 
Downsview, Ontario M3] 1P3, 
Canada. 


Į am conducting experiments on 
the variations of fungal pathogens 
of rice induced by pesticides. Those 
who are working on similar topics 
may please contact me if interested 
in exchanging views on this subject 
(Dr S. Balakrishnan, Dept of 
Pathology, College of Agriculture, 
Vellayani PO, Trivandrum, Kerala, 
India). | 


There will be no charge for this service. 
Send items (net more than 60 words) to 
Martin Goldman at the London office. The 
section will inchude exchanges of accommo- 
dation, personal announcernents and scientific 
queries. We reserve the right to decline 
material submitted. No commercial trans- 
actions, 


manium, Tin and Lead, Nottingham 
(Dr P. G. Harrison, Secretary, 2nd Ge, 
Sn and Pb Conference, Department of 
Chemistry, University of Nottingham, 
University Park, Nottingham NG7 
2RD, UR). 

August 8-19, 1977, Physics of Quantum 
Electronics, Telluride, Colorado (Pro- 
fessor S. F. Jacobs, Rt. 2, Box 732D, 
Tucson, Arizona 85715). 


August 21-26, 1977, Singlet Oxygen and 
Related Species in Chemistry and 
Biology, Pinawa (D. Fundytus, Con- 
ference Secretary, Technical Informa- 
tion Services, Whiteshell Nuclear 
Research Establishment, Atomic 


¿ Energy of Canada Ltd, Pinawa, Mani- 


SES 


‘toba, Canada, ROE 1L0). 


August 30-September 3, 1977, Fourth 
European Crystallographic Meeting, 
Oxford (Dr C. K. Prout, Chemical 
Crystallography Laboratory, 9 Parks 
Road, Oxford OX1 3PD, UK). 


September 5-10, 1977, Biology of 
Connective Tissue, Uppsala (Professor 
T. Laurent, Biomedical Centre, Uni- 
versity of Uppsala, Box 575, S-751 23 
Uppsala, Sweden). 


September 12-16, 1977, Bioindicatores 
Deteriorisationis Regionis, Liblice, nr 
Prague (Ustav krajinné ekologie CSAV 
honice, Czechoslovakia). 


September 25-October 11, 1977, 
Kimberlite, Santa Fé, New Mexico (2nd 
(Ing. J. Spdlény CSc.), 252 43 Pru- 
International Kimberlite Conference, 
Sylvia-K Inc., 5671 Blue Saga Drive, 
Littletown, Colorado 80123). 


October 11-13, 1977, Oceanic Fronts, 
New Orleans, Louisiana (Deadline for 
abstracts: November 1) (American 
Geophysical Union, 1909 K Street, 
N.W., Washington, D.C. 20006). 


November 14-18, 1977, Pan American 
Conference on Forensic Applications 
of Medicine, Dentistry, Pathology and 
Palaeopathology, Mexico City (Dr 
William G. Eckert, Laboratory, St 
Francis Hospital, Wichita, Kansas 
67214). 
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Tue idéa of a Science Court has gained a modest amount 
of momentum in the United States (Science, August 20, 
p 653; Nature, October 7, p 454). It would concern itself 
solely with providing ‘factual statements of the highest 
presumptive validity consistent with time constraints”. For 
this, an adversary procedure would be used and a panel of 
judges with skills in adjacent areas would be expected to 
examine statements and, if necessary, write their own 
opinions on contested matters. Issues which might come 
early to such a court.are: should fluorocarbons be banned 
because of their effect on the ozone layer? Should water 
supplies be fluoridated? Should a specific nuclear plant be 
licensed? 

The working party’s interim report (in Science) has the 
clear implication in its opening paragraph that a Science 
Court, by sticking closely to what can be factually estab- 
lished, will be able to hand over something useful to the 
decision-makers of society, who will then incorporate social 
value questions. A scientific fact is defined as a result, or 
an anticipated result, of an experiment or an observation 
of nature. On the other hand, the report continues, “we 
have no illusions that this procedure will arrive at the truth, 
which is elusive and tends to change from year to year.” 
Thereby the science court neatly ducks the issues and 
relegates science to a backroom, purely technical réle. 
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Vlore than facts, judgments 


The scientist is most unlikely to be able to deliver to the 
decision-maker any useful sort of factual statement, because 
he is hardly going to be alowed to perform the appro- 
priately large experiment or observation. AH he can 
generally supply in the way of facts is some results from 
pilot projects, some calculations which may be relevant and 
so on. What the good scientist should also be competent to 
provide, however, is inference, and this, albeit tentative and 
hedged-about, is what the decision-maker needs and what 
the science court seems to avoid. 

Factual statements of the highest presumptive validity 
would merely be about rats, about rocket samples, about 
tensile strengths. Those involved in public policy need to 
know whether, in the scientist’s best jrdgment, such state- 
ments can be generalised. Intelligent customers for these 
sorts of judgments know full well that scientific ‘truth’, 
being a whole level higher than facts, is often every bit as 
elusive and changeable as political and economic ‘truth’. 
But they still expect the scientist to go beyond the solid 
ground of his facts. 

It is difficult to see that a science court has anything new 
to offer if it steers clear of this territory---indeed the 
exercise could be positively dangerous in that others, less 
qualified, may be tempted to draw their own conclusions 
from such handily accumulated and uninterpreted facts. C] 


More than judgments, action? 


THE best debates never die. As the arguments about nuclear 
power continued in Britain last week with the resumption 
of the SGHWR enquiry by the House of Commons Select 
Committee on Science and Technology, hfe was again being 
breathed into a still more fundamental (though still less 
newsworthy) debate--the centuries-old argument about 
the depletion of the Earth’s natural resources. It came with 
the publication of Materials and Energy Resources, the 
report from a three-year-old working party on resources 
embraced by the UK Institution of Chemical Engineers 
(i.Chem.E.). 

At £5 it is a costly two-score pages, not helped by the 
LChem. E. wanting, apparently, to have its cake and eat it. 
Tt is both seeking to stimulate reasoned discussion on crucial 
resource problems and trying to get something done about 
them. Thus, while the report rightly points out the vital 
need to see materials and energy problems as two sides of 
the same coin, and traces the broadly-based working party’s 
own valuable assessments of these problems, it is also being 
presented as an attempt to influence policy. Not, though, 
general resources policy internationally, but specifically, 
and as a matter of strategic importance, UK government 
policy. 

That is laudable enough, perhaps, but represents a curious 


disposition for such a study from such a body. After all, 
the disciplines it represents and the problems it is tackling 
are nothing if not international, as are the phenomena like 
international cartels which it acknowledges. Since H also 
focuses its attention on a period 10 to 35 years hence (by 
which time, if the past is anything to go by, the world order 
ought to have changed), the working party might have done 
better to look more closely for international solutions. 

Not that it has done wrong in sending the report to the 
Secretaries of State for Energy, Industry and the Environ- 
ment. But, in spite of what was described enthusiastically 
last week as a positive response from Industry, the fears 
being expressed privately that the report could easily lose 
itself an the bureaucracy are more than justified. The 
I.Chem.E., which probably wants simply to be a profes- 
sional group turning out professional work, ought to leave 
both this problem and the job of actually campaigning for 
changes in policy to the pressure groups. 

The present importance of the nuclear issue, in the UK 
and elsewhere, is not a little due to fringe groups making 
effective use of the information and judgment from reput- 
able bodies ill-placed if not disinclined to deploy it 
themselves. The resources issue ought to be next. The best 
debates never die. E 
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Seveso: the aftermath 


Alastair Hay reports on developments since a 
chemical explosion rocked this northern Italian town 


HREE months have elapsed since 

the now notorious Séveso accident 
of July 10. It occurred when a reactor 
producing trichlorophenol at the 
ICMESA chemical plant—owned by 
Givaudan, a Hoffman-La Roche sub- 
sidiary—became overheated: the rapid 
pressure increase that followed led to 
the discharge of its contents through a 
safety valve directly into the atmos- 
phere. Scientists have since been en- 
gaged in decontamination work in the 
area, which was affected by the fallout 


of TCDD (2,3,7.8-tetrachlorodibenzo- 
para-dioxin) as the disastrous con- 
sequence of that discharge. A 


considerable amount of disturbing in- 
formation has now come to light con- 
cerning both the operation of the 
ICMESA plant, and the decontamina- 
tion procedures adopted. 

Givaudan began to produce trichloro- 
phenol at the ICMESA plant only in 
1975. The monthly output of the plant 
was 5 tons but, in producing this quan- 
tity of trichlorophenol, the reaction 
also produced 1.2 kg of dioxin. This, 
according to an Italian trade union 
document, is the quantity which 
ICMESA was required to dispose of 
every month. It represents a high level 
of dioxin formation, of the order of 
200 p.p.m. 

According to a report in The Times 
earlier this week, however, Dr Donald 
Lee, the British expert now investigat- 
ing the accident, is thought to have told 
the Italian authorities that up to 130 kg 
of dioxin could in fact have been pro- 
duced in the explosion. His recommen- 
dations are said to include the 
suggestions that residents should have 
medical tests for the rest of their lives, 
that the contaminated area should be 
monitored for decades, that this and a 
buffer area should be sealed off to all 
but authorised personnel, and that 
decontamination procedures should in- 
volve the creation of forests and dis- 
mantling of buildings rather than the 
shifting of earth and the washing of 
buildings. 

Although a senior Roche executive 
says, according to the Italian weekly 
L'Espresso, that the company was pro- 
ducing TCDD deliberately for military 
purposes, Givaudan has denied the 
allegation. But Professor Fritz Mori, 
designer of the trichlorophenol reactor 
at ICMESA, has referred to the cause 
of the dioxin formation through a sud- 
den rise in temperature within the 
reactor and gone on record as saying it 
would be impossible “unless the re- 


actor was being used to produce sub- 
stances other than the trichlorophenol 
it was designed to produce”. The design 
of the reactor involved in the accident 
has come in for severe criticism, for 


incorporating safety features inade- 
quate for the production of chlorinated 
phenols. 

Information possibly vital to the 


resolution of the problems of plant 
operation, design and safety, however, 
is still not available to the Italian 
authorities. As for the estimate that 
the residents of Séveso and its sur- 
rounding area will not be allowed to 
return to their homes for at least a 
year, this is regarded as optimistic by 
many scientists. Although vegetation 
from the less contaminated zone is now 
being incinerated, no specific plan for 
removing dioxin from the soil has yet 
been agreed. Originally, topsoil from 
the total area contaminated was to 
have been cleared and processed to 
remove dioxin. However, some recent 
tests have revealed dioxin at a depth of 
25cm. The original proposition, which 
relied on TCDD being close to the sur- 
face, is now considered to be too dif- 
ficult an undertaking, and operations 
will be confined to removing dioxin 
from the 30-40 hectare zone most 
severely contaminated. 


Antidote claimed 
Givaudan claims to have developed an 
antidote which will destroy the dioxin, 
consisting of an olive oil-water emul- 
sion and cyclohexanone. In principle, 
the dioxin is detoxified by rupture of 
the linked ring system and the removal 
of the chlorine atoms by the un- 
saturated bonds of polyunsaturated 
fatty acids present in the olive oil. 
Ultraviolet light absorbed by the cyclo- 
hexanone initiates the reaction sequ- 
ence. However, the Italian authorities, 
as well as American and British 
scientists, are sceptical about the suc- 
cess of the Givaudan claim. The 
Italians and Americans maintain that 
there is no effective antidote for 
TCDD. And Professor Derek Bryce- 
Smith of Reading University says sun- 
light does not contain a high proportion 
of ultraviolet in the wavelength range 
where cyclohexanone absorbs it. Al- 
though the photochemical reaction may 
take place in the laboratory, there is, 
he says, a real danger of moving dioxin 
so that it is harder to get to. 

TCDD is virtually insoluble in water, 
and for this reason is not translocated 
rapidly in soil. Placing a dioxin solvent 
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Four-year-old Séveso victim 


on the soil—TCDD is partially soluble 
in organic solvents—could obviously 
assist in moving the dioxin to greater 
depths. Another complication is the 
fact that cyclohexanone is itself a dan- 
gerous chemical: its flash point, only 
63 °C, is well below its boiling point of 
155.6 °C: in terms of human toxicity, 
it is considered a weak narcotic, and 
it also irritates skin and mucous mem- 


branes: the lethal dose for mice is 
8,000 p.p.m. in air. 
The reports causing most worry, 


though, are those concerning the re- 
sults of the blood tests carried out on 
the ten thousand residents of the 
Séveso area. Information not yet 
released by the Italian health officials 
confirms that 5-10%, of the people 
examined are showing reduced white 
cell blood counts, Although it is only 
three months since dioxin was released, 
and a reduction in blood lymphocyte 
count is a secondary effect of damage 
to the immune response tissue—which 
dioxin is known to affect—these results 
are causing great concern. The situa- 
tion is expected to worsen, and more 
residents may show adverse clinical 
symptoms; persons already affected 
could record a further reduction in 
their white cell count. But some scien- 
tists who have recently returned to the 
UK after visiting Italy feel that symp- 
toms of dioxin poisoning are less 
serious than was originally feared. 
Given the known teratogenic pro- 
perties of dioxin, 150 women from the 
Séveso area who were in the first 
trimester of pregnancy at the time of 
the explosion have applied for an 
abortion. By the end of September, 25 
women had received government au- 
thorisation for the operation, in the 


face of great opposition from the 
Catholic Church. Authorisation for 
another 125 women is also likely. 
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Health officials have examined a total 
of 730 pregnant women formerly resi- 
dent in the contaminated area. The 
difficulties in securing legal abortions 
have added considerable impetus to the 


campaign for abortion law reform; the 
Italian parliament is to consider several 
bills advocating changes. 

In view of the known toxicity of 


TCDD and the knowledge that it is a 


The possible alternatives 


Tue available alternatives to 2,4,5-T 

are ‘Amcide’, ‘Glyphosate’ and ‘Kre- 

nite’; all three are effective brushwood 

killers. Amcide has been available in 

the UK since the early 1960s; Gly- 
_ phosate is a more recent addition, and 
_ Krenite is at present only on sale in 
“the US and West Germany. 

These alternatives, when compared 
with 2,4,5-T, have some definite 
advantages. Amcide, made by Nissan 
in Japan, has an LD» value for rats 
of 3,900 mg kg™'; Glyphosate, made by 
Monsanto, has an LD» value of 
4,900 mg kg’. These toxicity ratings 
are well below that for 2,4,5-T (LDz 
value 300 mg kg`). Krenite, made 
by Dupont, has an LDs value of 
24,000 mg kg, a toxicity rating one 
eightieth of that for 2,4,5-T. 

The reaction to produce Amcide 
presents none of the potential hazards 
associated with trichlorophenol manu- 
facture in terms of toxic by-products. 
Information has not been made avail- 
able for Glyphosate or Krenite pro- 
duction. However, in the case of 
Krenite the US Environmental Pro- 
tection Agency (EPA) considers its 
manufacture to conform to accepted 
safety standards, and in view of its 
comparatively low toxicity has de- 
clared it as safe for use even on land 
adjacent to domestic water supply 
reservoirs and streams. 

The disadvantages associated with 
the three alternatives are primarily 
those of cost. Amcide and Glyphosate 
are more expensive than 2,4,5-T when 
the concentrations of herbicide neces- 
sary to effect the same plant kill ratio 
are considered; Glyphosate is nearly 
five times as costly. Some potential 
buyers of Krenite consider that it, too, 
may be expensive when it is intro- 

~ duced on the UK market. The only 
other problem of any consequence 
relates to Amcide. In contrast to 
2,4,5-T which is absorbed through 
leaves following spraying, Amcide 
must be applied to cut surfaces on 

4 plants. Its method of application is 
therefore considerably more labour 
intensive. 

Hexachlorophene, the other major 
product derived from trichlorophenol, 
is a general poison effective in the 
control of gram-positive bacteria. In 
the cosmetics industry hexachloro- 
phene is used as a preservative. For 
medical purposes hexachlorophene is 
used in the control of staphylococcal 
organisms. The bactericide has four 


main uses: treatment of acne and 
impetigo, cleansing of intact skin 
around burns or wounds, pre-surgical 
washing, and cleansing of new-born 
infants, particularly the umbilical 
cord. 

Its use, however, has been much 
reduced, and the industry is reported 
as being able to dispense with it 
altogether. Chlorhexidine—a bacteri- 
cide now cleared for sale in the US— 
is used surgically in the UK as a skin 
cleanser, wound steriliser and for pre- 
surgical washing. On the question of 
the cleansing of the newly-born infant, 
however, there is a difference of 
opinion as to which of the two 
bactericides is the most effective. 

Maternity clinics and nurseries are 
particularly open to bacterial cross- 
infection by the  staphylococccal 
organisms. One of the most common 
is $. aureus. In the 1940s this 
organism was responsible for frequent 
epidemics in nurseries, with a con- 
sequent increase in infant mortality. 
When  hexachlorophene’ was first 
marketed by Givaudan in the late 
1940s it proved to be effective both 
in the routine containment of S. 
aureus and in controlling the organ- 
ism in the case of an epidemic. As a 
result of its efficiency, hexachloro- 
phene rapidly replaced the bactericide 
‘Triple Dye’ in use at that time, to 
become the most widely used anti- 
bacterial agent in nurseries. 

Two events in 1971 and 1972, how- 
ever, caused users to reconsider their 
judgment. The first was a report by 
the EPA showing hexachlorophene 
to cause oedema and hindlimb 
paralysis in experiments on mice. The 
second was the death in France of 35 
infants following the use of talcum 
powder containing 6% hexachloro- 
phene. The neurological damage 
which led to the death of the children 
was caused by a twenty-fold increase 
of hexachlorophene concentration in 
the talc, the result of a manufactur- 
ing error. 

Many maternity units in the UK 
have since reduced the amount of 
hexachlorophene used for infant 
washes. Currently less than half use 
hexachlorophene at all. Others rely 
on alcohol, used either alone or with 
chlorhexidine. Consultants at one 
cross-infection laboratory now recom- 
mend nurseries to avoid the use of 
hexachlorophene altogether for rou- 
tine washes, The reasoning behind 
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constant by-product of the trichloro- 
phenol manufacturing process, many 
scientists are now beginning to question 
the need for the continuation of trich- 
lorophenol production. One of the two 


this recommendation lies in the evolu- 
tion of S. aureus itself, which has 
evolved through several forms since 
the 1940s and is now active as a 
complex of $. aureus. 

The present generation of the 
bacterium is not causing serious 
epidemics in British hospitals which 
are fatal to children. Indeed the risk 
associated with hexachlorophene use 
is considered to present a greater 
threat than that represented by the 
staphyloccus itself. A further con- 
sideration is the fact that many British 
maternity units use a concentration 
of hexachlorophene to control. $. 
aureus which is too low to kill the 
bacterium. 

In the routine control of §. aureus 
chlorhexidine is as effective as hexa- 
chlorophene, and has the added ad- 
vantage of an LD» value ten times 
higher. Chlorhexidine is also reported 
to be just as efficient in controlling 
local epidemics of the present milder 
strain of the bacterium. It has not 
been tested, however, with more lethal 
strains of the staphylococcus, whereas 
hexachlorophene has been shown to 
control dangerous epidemics of S. 
aureus im the past. Some bacteri 
ologists anticipate that chlorhexidine 
will prove to be equally effective, but 
are reluctant to recommend it un- 
equivocally as an alternative until this 
has been demonstrated conclusively. 

Although the principal purpose 
behind trichlorophenol production is 
the synthesis of 2,4,5-T and hexa- 
chlorophene, the chlorinated phenol 
is still used to some extent as a slime 
control agent in the paper-making 
industry. It has never been as popular 
as pentachlorophenol, used for the 
same purpose, and what use it has had 
has been much reduced, due mainly 
to the criticisms of the unrestricted | 
industrial use of polychlorinated bi- 
phenyls (PCBs) such as DDT, ad- 
vanced by the environmental lobby. 

In common with many industries 
which discharge efluent directly into 
rivers, the paper manufacturers have 
been particularly sensitive to “the 
charge that their plant operating pro- 
cedures are damaging to the environ- 
ment. Because of the known risks 
associated with extensive PCB use, 
paper manufacturers in the UK have 
considerably reduced their use of all 
chlorinated phenol derivatives. Agents 
now preferred for the prevention of 
fungal growth include methylene bis 
thiocyanate together with some 
organobromine and  organosulphur 
products. 
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products derived from trichlorophenol 

the herbicide 2,4,5-trichlorophenoxy- 
acetic, 2.4,5-T (the other is the bac- 
tericide hexachlorophene) — has many 
formulations which contain the dioxin 
contaminant. In view of this the Nor- 
wegian authorities banned the use of 
the herbicide altogether in 1973. The 
US Environmental Protection Agency 
(EPA) regards 2,4,5-T as a product 
which may be too hazardous to man 
and the environment to permit con- 
tinued use. 

In the UK, however, the Ministry of 
Agriculture, Fisheries and Food’s 1976 
“List of Approved Products for Far- 
mers and Growers” contains five for- 
mulations of 2,4,5-T alone, and eight of 
?.4.5-T in combination with 2,4-D (2,4- 
dichlorophenoxyacetic acid). These 
products are sold as bramble, brush- 
wood and nettle killers. A new formula- 
tion of 2.4,5-T, ‘Silvapron T’, produced 
by British Petroleum, is currently on 
trial in Britain. The herbicide is dis- 
persed in an oil-based mixture which 
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avoids some of the problems of volati- 
lisation encountered with the tradi- 
tional water-based mixtures. This BP 
formulation is restricted to forest areas. 


Neither product unique 

But neither 2,4,5-T nor hexachloro- 
phene is unique. Alternative herbicides 
and an equally effective bactericide are 
available (see box). Because of this, 
many scientists now question the desir- 
ability of using a reaction as dangerous 
as that involved in synthesising tri- 
chlorophenol. They point out that, with 
one exception, every plant producing 
trichlorophenol has had a serious 
accident involving release of dioxin, 
and injury to workers and the general 


public. The list of accidents begins 
with Monsanto (US) in 1949; then 
comes Badische Anilin und Soda 


Fabrik AG (West Germany) in 1953, 
Philips Duphar (Holland) in 1963, Dow 
Chemical Company (US) in the early 
1960s, Coalite and Chemical Products 
Ltd (UK) in 1968, and finally, 
Givaudan-ICMESA (Italy) in 1976. 
Bayer of Leberkusen (West Germany) 
is the sole apparent exception. 

But it is not only scientists who are 
concerned about the operation of the 


trichlorophenol process. The Italian 
authorities have invited Givaudan to 
build a mew chemical plant near 


Séveso, with the provisos that it utilises 
reaction processes known to be safe 
and that trichlorophenol is not pro- 
duced. Two other manufacturers of 
trichlorophenol are equally concerned; 
the Coalite and Bayer plants have both 
temporarily ceased operation. Addi- 
tional safety features are to be intro- 
duced at Coalite as a result of recom- 
mendations by the UK Health and 
Safety Executive, but forty-nine of the 
fifty workers have refused to work 
there under any circumstances. 

The trichlorophenol manufacturing 
process is only one of the potentially 
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hazardous operations which will now 
come under closer scrutiny as a result 
of the devastation at Séveso. There are 
few processes which can have the 
unique record of an almost one-to-one 
ratio of accidents to production sites. 
However, there may be some where the 
value to society of the products manu- 
factured is not sufficient to justify con- 
tinued operation. The disaster in Italy 
will provide the backcloth for the 
debate which could help to resolve 
these issues. 


© Yet another release of a dangerous 
chemical occurred in Italy on 26 Sep- 
tember. This time between 10 and 30 
tonnes (according to different sources) 
of arsenious oxide “escaped” from the 
ANIC chemical plant—a subsidiary of 


the Italian state fuel concern ENI— 
near Manfredonia on the Adriatic 
coast. 


Over fifty people including two in- 
fants have been hospitalised with sus- 
pected arsenic poisoning (LD: for rats 
is 138 mgkg`'). The ANIC plant 
management only admitted the risk to 
local residents when the results of tests 
carried out by health officials con- 
firmed a serious pollution hazard. The 
mayor of a town in the affected area 
appealed to the Italian government for 
assistance; no response came for 
several days. ANIC officials now say all 
but 1 km? of the area has been ren- 
dered harmless. 

This has been done by spraying 
with calcium chloride and ferric sul- 
phate solutions. When arsenious oxide 
is in a soluble form these two additives 
will form complexes of calcium pyro- 
arsenite and ferric enneaoxyarsenite 
respectively. Both complexes are con- 
siderably less soluble than the oxide 
and would thus reduce the amount of 
arsenic leaching into the water system 
and spreading far beyond the present 
area of pollution. 





Inspecting ANIC plant 
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» Nuclear power’s litmus test 


A crucial test of public confidence in 
nuclear power will take place in six 
states during next month’s Presidential 
election. Colin Norman reports from 
_ Washington, 


WHEN residents of Arizona, Colorado, 
Montana, Ohio, Oregon and Washing- 
ton mark their ballot papers on 
November 2, they will do more than 
cast votes for candidates for sundry 
political offices. They will also vote on 

‘resolutions which would place strict— 
some say crippling—controls on nu- 
clear power plants in their states. 

The resolutions are stirring up con- 
siderable debate, and large sums of 
money are being spent both to promote 
‘and defeat them. Although the number 
of power ‘plants affected is relatively 
small compared with the total number 
planned for the United States, the 
votes are regarded as a litmus test of 
public attitudes towards nuclear power. 
With the election less than a month 
away, opinion polls indicate that the 
resolutions stand a good chance of 
being approved in at least two states— 
Colorado and Oregon. l 

Although there are some differences 
between the resolutions on the ballots 
in the six states, they would all set 
three important conditions ön the oper- 
‘ation of nuclear power plants. 

_ © There must be no limit to the total 
amount of damages which could be 
claimed by victims of a nuclear. acci- 
dent. At present, a federal law, the 

_ Price-Anderson Act, limits the nuclear 
industry’s liability to a total of $560 

‘ million for each accident, 
© Before new power plants could be 
operated, the state legislature would 
have to be convinced that major safety 
systems—including the much-discussed 
emergency core cooling system—would 
operate properly in an emergency. 
Approval would require a two-thirds 
vote in the legislature. 

@ Similarly, at least two thirds of the 
legislature would have to be satisfied 
that adequate, proven technologies exist 
for transport, storage, and disposal of 
radioactive wastes, 

At present, it is doubtful that the 
nuclear industry could meet those con- 
ditions. Thus, passage of the resolution 
in any state would virtually rule out 

' nuclear expansion in that state. 

Voters in California were presented 
with a similar cioice last June, when 

,@ nuclear safety proposition was placed 
on the baHot papers in the Presidential 
primary elections. That proposition, 
which would have imposed the same 
three conditions on nuclear plants in 


California, was eventually defeated. 

Supporters of the resolution in Ore- 
gon and Colorado, and to some extent 
in the other four states, expect to fare 
better, however. For one thing, the 
steam was taken out of the California 
campaign at the last moment when the 
state legislature passed a package of 
nuclear safety bills which included 
some of the proposition’s requirements. 
But, more important, the California 
proposition would have applied to 
existing, as well as planned, power 
plants. The Oregon and Colorado 
measures, by contrast, would specifi- 
cally exempt existing plants. 

A potentially important factor in the 
vote on the Oregon resolution is that 


‘during the Oregon primary election 


earlier this year, Jimmy Carter, the 
Democratic Presidential candidate, 
virtually endorsed the resolution. He 
said that although he would not try to 
advise people how to vote on the 
matter, if he were an Oregonian, he 
would support the resolution., He did 
not endorse the California proposition, 
however, largely because it would have 


GAO knocks ERDA 
Although the Energy Research and 
Development Administration (ERDA) 
is responsible for developing nuclear 
energy technologies in the United 
States, ERDA officals insist that they 
have not tried to influence the out- 
come of the referenda on nuclear 
safety being held in various states. 
Those assertions are, however, called 
into question by a report published 
last week by the General Accounting 
Office (GAO), an investigative agency 
of the US Congress. 

According to the report, between 
February and ‘April 1976—when 
debate on the California referendum 
was raging—RRDA distributed 78,600 
copies of a pro-nuclear pamphlet in 
Calsfornia. According to GAO, the 
pamptiet “was not objective, is pro- 
paganda, and was not a proper docu- 
ment for release*to the public”. The 
pamphlet was used by the nucleer 
industry in California in their.cam- 
paign to defeat the California pro- 
position. 

ERDA officials have claimed that 
the document—a series of so-called 
myths and facts about nuclear power 
—was prepared solely for internal dis 
tribution within the agency. It was 
intended, ‘they have argued, for em- 
ployees in the controversial liquid 
metal fast breeder reactor pro- 


applied to existing plants. 

Supporters of the resolution also like 
to point out that both Colorado and 
Oregon have approved a number of 
environmental laws long before other 
states. Oregon, for example, was the 
first state to outlaw the sale of plastic 
bottles and aerosol sprays containing 
fluorocarbons, and among Colorado’s 
environmental achievements is the pass- 
age of a resolution which stopped the 
Winter Olympics being held there. 

But the most solid piece of evidence 
that the nuclear industry is in trouble 
in Colorado and Oregon comes from 
public opinion polls published early in 
October in newspapers in Denver and 
Portland. They suggested that public 
sympathy was then running nearly two 
to one in favour of the resolutions. 
Although that margin is sure to close 
as the election draws near industry 
officials say they are very concerned. 

Thus, if the resolutions are adopted 
by any state this November, # would 
give the anti-nuclear movement a 
boost in future efforts. But, by the same 
token, if the resolutions are defeated, 
the nuclear industry could claim a vote 
of confidence. Clearly, the stakes are 


high. = 


gramme; to help answer criticisms of 
the programme and to lift morale. 

GAO found such assertions hard to 
swallow, however, since the fast 
breeder programme employs only 
about 6,700 people, yet 100,000 copies 
of the pamphlet were printed. More- 
over, GAO found it difficult to under- 
stand why the bulk of the copies were 
sent to California, while most of the 
breeder reactor work is going on in 
other states. 

Nevertheless, GAO stopped short 
of actually accusing ERDA officials 
of trying to influence the California 
vote—in fact, it specifically states thet 
it could find no such evidence and 
suggested that ERDA officials had not 
actually violated any laws. The report 
did not attempt to explain why so 
many copies of the pamphlet were 
distributed in California at that parti- 
cular moment, however. 

As for the quality of the pamphlet, 
the GAO report suggested that it was 
so guperficial and misleading that it 
was not even suitable for distribution 
to ERDA employees as part of morale 
lifting effort. “ERDA ghould not 
place itseH' in the position of mislead- 
ing others—whether it be the public 
or its own or contractor employees— 
for the sake of raising morale”, the 


report argued. 
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A matter of judgment 


David Spurgeon writes from Ottawa on 
a report covering Canada’s problematic 
science-industry relationship 


In 1973, the Ministry of State for 
Science and Technology (MOSST) in- 
troduced a “Make-or-Buy”’ policy, the 
aim of which was to increase the pro- 
portion of government-funded research 
and development (R&D) carried out 
under contract by industry as opposed 
to government laboratories. The gov- 
ernment hoped to strengthen the in- 
novative capacity of Canadian industry 
and to enhance its competitive position. 
The policy has not generally been re- 
garded as a howling success, especially 
by industrialists. In the year following 
its introduction, in fact, the Cabinet 
found it necessary to expand the orig- 
inal policy to allow financing of un- 
solicited proposals for R&D from the 
private sector, 

A steady decline in support has gen- 
erally been seen in the government’s 
R&D funding policies. A brief from 
the Royal Society of Canada to the 
Prime Minister said that, although it 
was generally recognised in 1969 that 
government support for industrial R&D 
was already too small, it is now even 
smaller: in terms of the fraction of 
federal budgetary expenditures it had 
fallen by 1975 to 68% of the 1969 level. 

Now a report has come from the 
MOSST* conveying the message that 
the Make-or-Buy Policy has in fact 
been rather successful, and that more 
of it is needed. The report is full of 
statistics supporting its argument, but 
its general tone appeared so contrary 
to what could be heard in non-govern- 
ment quarters that it left the impres- 
sion of being a rather curious document. 

A little investigation suggests why: 
the choice of statistics is highly selec- 
tive, some say misleading. In fact it is 
questionable in some cases whether 
they show what they are purported to 
show. One table, for example, shows 
the increase since 1973-74 of mission- 
oriented contracts awarded to industry 
by the Department of Supply and Ser- 
vices on behalf of the various govern- 
ment departments, the intent being to 
indicate that they have increased. Yet 
the table lumps together all contracts 
from government departments, as 
though all resulted from the policy. In 
fact government departments have 
contracted out to industry for years, 
to a greater or lesser degree. 


*The Make-or-Buy Policy 1973-75 (n- 
dustry Branch, Ministry of State for 
Science and Technology; November 
1975} 


One diagram showing payments to 
Canadian industry for R&D between 
1963-64 and 1975-76 shows not only 
that research contracts have increased 
since the Make-or-Buy policy was 
initiated, but also that, years before, 
in 1965-66, such contracts were larger 
than any year until 1973-74, indicat- 
ing that the grants level fluctuates from 
year to year, and that taking just a 
short-term view (that is, from 1973-76) 
can be misleading. (The year 1965-66 
was a good one largely as a result of 
the hydrofoil project of the Department 
of Defense.) 

Analysis of the figures used in the 
report actually shows that government 
R&D contracts to industry had already 
begun to rise before the Make-or-Buy 
policy was put into effect, and, plotting 
them on a graph, that the level of R&D 
contracts to industry would be at the 
same point they reached even if they 
had merely been extrapolated at their 
former rate. 

Furthermore, the ratio of payments 
to industry vs. intramural R&D was 
less in 1975-76 than a decade earlier 
by a substantial margin (even though 
that was only for a single year). Even 
since the Make-or-Buy policy was in- 
troduced, the increase in industrial 
contracts has amounted to only roughly 
$20 million, while the increase in in- 


Trudeau rings the changes 


Stung by the results of a public 
opinion poll that showed Canada’s 
Liberal Government to be lagging far 
behind the opposition in popularity, 
and by criticisms of both his bi- 
lingualism and = anti-inflation pro- 
grammes, the Canadian Prime Min- 
ister, Pierre Trudeau, recently an- 
nounced wide-ranging Cabinet 
changes that have produced a new 
head for the Ministry of State for 
Science and Technology (MOSST). 

Gone not just from the ministry, 
whose portfolio he held jointly with 
that of Public Works, but also from 
the government itself, is C. M. “Bud” 
Drury. who at 64 was one of the two 
most senior Cabinet members (with 
Mitchell Sharp, who has also re- 
signed). In his place is Hugh Faulkner, 
a more junior minister who, accord- 
ing to the Toronto Globe and Mail's 
Ottawa correspondent, “was demoted 
from Secretary of State to Minister 
of State for Science and Technology 
mostly because the Liberal caucus felt 
that he had failed to sell bilingualism, 
a special responsibility of the Secre- 
tary of State.” 



























house research funds has amounted to 
$57 million, And in terms of overall 
science expenditures by the federal 
government, industry's share has fallen 
from 19% to 16% during the three- 
year period of the policy. 

The report, which was only released 
this summer, admits that it is pre- 
mature to assess whether the ultimate 
economic effect aimed for in the policy 
is yet being achieved. But it does claim 
that the policy has had a beneficial 
effect on several sectors of industry. 
At the same time, it admits that during 
the course of the past five years, the 
proportion of Canada’s total resources 
directed at R&D has steadily declined: 
gross national expenditure on research 
and development as a percentage of 
GNP had dropped in 1972 to 1.14% 
from 1.29% in 1969, while the Senate 
special committee on science policy 
had said it should be about 2.5% 
to keep Canada competitive inter- 
nationally. 

The report finds that the effects of 
the policy to date have been most pro- 
nounced in electronics, transportation 
and scientific services, where objectives 
of government and industry most 
closely coincide in the context of cur- 
rent departmental missions. If the pro- 
gramme were to be extended—which 
the report thinks advisable—either a 
reduction in government scientific staff 
or a substantial increase in funds for 
contracts would be necessary. G 





Be that as it may, the new appoint- 
ment is not calculated to cause 
rejoicing throughout the science com- 
munity. Mr Faulkner's appointment 
makes it obvious that the science 
ministry will continue to be regarded 
by the government as a low priority, 
as it has been from its inception in 
1971. Apart from Mr Drury, Mr 
Trudeau has always appointed inex- 
perienced or junior ministers for this 
post. 

The new appointment comes as just 
one more disappointment for the 
science community. But to many, Mr 
Drury’s attitude towards the needs of 
science in Canada had in recent 
months seemed apathetic if not 
openly hostile. In spite of studies and 
recommendations on national science 
organisation, the government in gen- 
eral and Mr Trudeau in particular 
apparently lost interest in science and 
technology. The concerns of bilingual- 
ism and inflation had loomed so large 
as to eclipse science, and doubts had | 
grown about the government’s pro- 
fessed concern for the problems of | 
science-based industry. : 
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IN BRIEF 
ESA moves 


The European Space Agency’s Scien- 
tific Programme Committee has 
approved the spending of about $115 
million on two projects: a contribution 
to NASA’s space telescope, due for 
launching in 1983, and the Geosari 
project. involving the Geos spacecraft 
and Ariane launcher. 

The $104 million provisionally allo- 
cated to the space telescope will pro- 
vide 15% of the costs of the telescope 
and its associated Science Institute. In 
exchange European astronomers will 
get at least 15% of total observing 
time. 

Negotiations with NASA on another 
ESA/NASA_ cooperative project. the 
Out-of-Ecliptic Mission, will continue. 
LIRTS (Large Infrared Telescope on 
Spacelab) and several other projects 
will be considered in the spring. 

The council of the European Space 
Agency has appointed a new director 
of the Spacelab programme, M Michel 
Bignier. Until June 1976 M Bignier 
was Director General of the French 
Centre National D’Etudes Spatiales. 


THE pertinacity of the promoters of 
laetrile for cancer “cure” is probably 
related to the amount of funds at 
their disposal. Some possible clues are 
in a grand jury indictment in Cali- 
fornia, stating that 10ml of laetrile. 
sufficient for three daily injections. 
cost American cancer patients as 
much as $60 and that a physician 
who administers laetrile “as a vita- 
min supplement” deposited $2.5 mil- 
lion in northern California bank 
accounts between May 1974 and 
August 1975. The president of the 
Committee for Freedom of Choice 
of Cancer Therapy was arrested last 
December with $40,000 worth of 
laetrile in his car, along with a loaded 
Browning automatic pistol, Previous 
cancer remedies such as Krebiozen 
and the Hoxsey remedy were on a 
smaller scale. The big question is: 
will political pressure, financed by pro- 
fits from laetrile, overcome the oppo- 
sition of organised medicine to its 
legalisation? 

The Merck Index describes laetrile 
as the #-glucuronide rather than the 
B-glucoside, of L-mandelonitrile. It 
seems probable, however, that the 
laetrile of “underground commerce” 
is actually amygdalin (the B-glucoside). 
An argument used by the pushers of 
laetrile is that it is “vitamin Be”. 
In support of this, one of them stated 
that “it becomes almost impossible. on 
the negative side ever to declare 
scientifically that a compound is not 
a vitamin ...”. Constance Holden. a 


MRC report warning 


The UK Medical Research Council 
(MRC), referring to the dual-support 
system for research in its annual 
report published this week, warns 


that, under extreme pressure, it would 
be contractually obliged to protect the 
security of its own 4,373 staff at its 68 
research establishments, and the capital 
investment associated therein, if 
necessary at the expense of its indirect 
support for research at universities. 
Such a situation, the outgoing Secre- 
tary Sir John Gray emphasised, was 
not yet foreshadowed, and MRC policy 
remained one of parity between the 
two lines of support. 

Government departments have re- 
deployed with the MRC the 25% of 
the councils grant-in-aid from the 
Treasury transferred to them under 
the Rothschild arrangements. Total 
expenditure for the year amounted to 
£47.18 million, up 30%, of which 
international subscriptions, which grew 
66%. were £960,000. Increases in these 
subscriptions because of exchange rate 
variations, along with pay and asso- 


staff writer for Science, echoing 
this statement, said on September 10, 
that “no one has really been able to 
prove” that there is no such vitamin 
(as Bız). She also said that it is a "fact 
that scientists are not able to defini- 





Laetrile struggles 
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nutritional 
“. Actually nutrition- 
ists feel no inhibitions about refuting 
such claims. 


tively refute the claims 


about laetrile. . 


The cyanogenic glycosides. in- 
cluding amygdalin, have no resem- 
blance to vitamins. The accepted 
definition of a vitamin is that it is 
necessary in the diet of at least one 
vertebrate organism to prevent a 
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awards, made 
to the grant-in-aid 
current doctrine of cash limits, 
Sir John, meant that any 
money to meet international 
tions would have to come 
ongoing work, 


clated 


SGHWR inquiry continues 
Following the summer recess, the UK 
House of Commons Select Committee 
for Science and Technology has re- 
sumed its inquiry into the decision sur- 
rounding Britain's involvement with the 
SGHW reactor with evidence from 
the Central Electricity Generating 
Board (CEGB) last week and from the 
United Kingdom Atomic Energy 
Authority (UKAEA) earlier this week 
In another development, a report 
from a study group chaired by Dr 
Walter Marshall on the integrity of 
pressure vessels for light water reactors 


was published by the UKAEA last 
week. The 156-page report makes 40 
“essential recommendations” and has 
buttressed the case for PWRs and 
against SGHWRs in Britain. 

specific deficiency disease. The Com- 
mittee on Nomenclature of the 


American Institute of Nutrition found 
no scientific evidence (i) for the 
existence of a nutrient identified as 
vitamin Bı; or (ii) that laetrile has 
nutrient properties or nutritional 
value for “either animals or humans” 
(sic). Cyanogenic glycosides are often 
poisonous to livestock, One of them, 
linamarin, is present in cassava, and 
sometimes causes human blindness. 

The persistent efforts of laetrile 
proponents were successful in Alaska 
where, on June 21, 1976, Governor 
Hammond allowed the “Laetrile Bill” 
to become law, thus permitting phy- 
siclans to prescribe laetrile. His 
excuse was an implementation of the 
“equal time for nonsense” principle, 
which says that if there are two sides 
to an issue, it is not the role of a 
statesman to decide which one is right. 
The history of scientific medicine as 
applied to public health shows that it 
is insufficiént to make discoveries that 
benefit human beings. It is equally 
important to get rid of quack reme- 
dies to make room for new advances. 
Until recently, legislators accepted 
informed advice in framing public 
health laws, but Alaska is “different” 

The latest news is fascinating: the 
Assistant Attorney General of Alaska 
now says that sale or distribution of 
laetrile in Alaska by any person, in- 
cluding a physician, is illegal. There 
may be a problem in filling those 
prescriptions. 
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Future of journals 


SiR, Your editorial of August 26 
(p. 731) on the future of journals is 
typical of the current negative attitude 
to the problem. It is a pity that the 
more constructive contribution on the 
subject from Professor May and his 
wife (Nature, February 12, p. 446) was 
not mentioned. 

The rising costs of running a library 
are eating into the money available for 
the purchase of publications, and yet 
we constantly read that there are too 
many journals, never too many 
librarians. The main library is often 
rightly the showpiece of the modern 
university campus, but are all librarians 
aware of their primary responsibility? 
Rows of expensively bound journals 
may satisfy the eye, but a drawer or 
binder of microfiche could be more 
relevant to academic needs, 

The “pious hope” that two journals 
might be shut down for every new one 
launched would not be considered par- 
ticularly pious by the users of the two 
guillotined journals. It would be more 
sensible in the short term to cut down 
on costs on both sides, amalgamate 
smaller, ailing periodicals and employ 
new methods such as those pioneered 
by the chemical societies in the United 
States and Britain. 

We gather from various journal pub- 
lishers that despite the economic con- 
ditions prevailing in many countries, 
reasonably priced research journals of 
medium circulations (1,000-4,000 sub- 
scribers) have generally enjoyed a 
steady increase in circulation, which 
has been maintained this year. This is 
an inevitable result of the worldwide 
growth of the academic community, 
and possibly also of the rationalisation 
of library purchases: for example, a 
university which may take 10 subscrip- 
tions to a major journal, or an ‘essen- 
tial title’, for various departments, 
nught cut down to two for the main 
libraries (Nature beware! ), thus releas- 
ing funds for new acquisitions. 

The long-term result of this trend 
might well be a huge number of 
journals distributed to, say, 1.000 re- 
source ‘information centres scattered 
around the world. Researchers would 
then obtain photocopies of original 
papers, having browsed through syn- 
opses and abstracts, at their local 
library, by then reduced to little more 
than a post-office. This surely could lead 
to delays of a week or more. Faced 


with such a possible outcome perhaps 
researchers and librarians might learn 
to love cabinets of microfiche. 

May we therefore suggest that the 
present number of 35,000 journal titles 
should be viewed as a challenge, and 
not approached with despair. The final 
suggestion in your editorial, that 
authors should supply full details on re- 
quest, would be a long step backwards. 
Imagine trying to trace an author from 
his last known address: with the present 
postal services it could take months. 
Who would be prepared to referee 
papers which might never be read? 
What use would data lists be in job 
applications? Evidence could be altered 
at a later date as no dated record would 
exist. Such chaos should be avoided. 
More organisation is required, not less. 

PETER ASHBY 

ROBERT CAMPBELL 
Oxford Microfilm Publications Ltd. 
Oxford OXI 4EY, UK 


Sir,--LT should like to comment on your 
editorial about the future of journals 
(August 26). As librarian in a research 
laboratory, I would agree with most of 
what you say-—with the proviso that the 
changes you refer to should be reflected 
not only in journal subscription price, 
but in volume of paper. This ts con- 
spicuously not the case in the experi- 
ment of the American Chemical 
Society, where the weight of paper is 
much higher in the experimental than 
in the traditional journal. 

As a practising organic chemist, I 
must, however, reply a firm “no” to 
your last question. Chemistry in 
general, and organic chemistry in par- 
ticular. is an experimental science, and 
we must have the experimental detail 
readily available. One of the greatest 
weaknesses of the Bulletin de la 
Société Chimigue de France was that 
experimental sections were abbreviated 
to the point of — irreproducibility. 
although things have improved recently. 
There is a large body of opinion (per- 
haps even a majority) which recognises 
that theoretical sections are usually 
fitted to experimental sections after the 
event: and indeed, what some would 
like to see is a journal in which only the 
experimental section and the literature 
list is printed, the theoretical section 
being available on microfiche if the 
reader were unable to supply his own! 

ALAN F. THOMAS 
Firmenich SA, 
Geneva &, Switzerland 


Mistaken impression 

SR] fear that Wil Lepkowski, in 
quoting from a paper that | presented 
at the Conference on Tradition and 
Change in Physics Graduate Education 
at Pennsylvania State University in 
August 1974, may have inadvertently 
given a mistaken impression of my 
position (August 12, page 528). 

As [ state in the same paper, “The 
Berkeley Group missed out on making 
these discoveries not so much in spite 
of the fact that their laboratory was 
so large, efficient, well-run and well- 
managed as precisely because of it”. 

The purpose of my paper was not to 
criticise a particular laboratory, but to 
argue, on the basis of historical ex- 
perience, that the techniques of “Big 
Science”, while they may be useful in 
solving certain engineering problems, as 
in the case of the Manhattan Project or 
the Apollo Program, are by their very 
nature not conducive to the making of 
fundamental, new scientific discoveries, 
Condensations of my paper were 
published in New Scientist, 63, 462 
(1974) and Center Magazine, 55 i(May~ 
June 1975). 

ROBERT J. YAES 
Memorial University of 
Newfoundland, 
Canada AIC S87 


Biological fly killer? 


Sir,--The news on Human Trypono- 
somiasis Today by F. E. G. Cox 
(Nature, August 19, p. 646) calls for 
same views. As long as the immuno- 
logical control of sleeping sickness re- 
mains unlikely, eradication of the 
genus Glossinia seems to be the only 
way to control the disease. Cox cited 
recent successes in Nigeria where a 
riverine area of 27.500 km” was sprayed 
aerially. The same technique was re- 
cently used over parts of Bangladesh in 
an attempt to control mosquitoes, The 
disappearance of quite a number of 
insect species was subsequently noticed, 
though all of them may well have made 
a come back. and for sure the mosqui- 
toes did. Bearing in mind the delicacy 
of ecological balances nobody should be 
satisfied with aerial spraying as a 
method of controlling insect species. 
Intensive efforts should be mounted to 
introduce methods of biological control, 
such as releasing specific pathogens. 

K. M.S. Aziz 
Cholera Research Laboratory, 
Dacca--?, Bangladesh 
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Non-histone proteins and transcription 


from Carol K. Klakas 


THE genomes of mouse and of humans, 
having molecular weights of 3x 10” 
daltons each, contain enough DNA to 
code for thousands of genes. Some of 
these sequences are present in multiple 
copy form while others are included 
only once: some are transcribed in all 
cells and their presence is essential 
for proper cell function while others 
code for proteins of more limited func- 
tion and are transcribed only in certain 
specialised cells, or pérhaps only at 
specific times in the development of an 
organism or even only at specific phases 
in the cell cycle; some sequences code 
for proteins which eventually must be 
produced in very large quantities in a 
cell while other sequences will dictate 
the synthesis of only a few protein 
molecules. How is it that all the 
sequences can be sorted out and be 
transcribed or not transcribed in just 
the right quantitative and temporal 
manner to result in proper function of 
a cell and of an organism? What 
factors are involved in the control of 
eukaryotic genome expression? 

Since the answer to this complex 
question» must lie at feast in part in 
the ‘composition. and structure of 
chromatin (the DNA with the histones 
and non-histone. proteins which are 
complexed with it in vivo), much cur- 
rent research is designed to answer 
various specific questions concerning 
chromatin. Three papers published 
back to back in the July issue of Bio- 
chemistry are noteworthy examples 
of such research. 

In each of these papers, RNA tran- 
scription in vitro from isolated chro- 
matin is compared on several criteria 
with in vivo transcription to determine 
whether in vitro transcription is a 
faithful representation of transcription 
as it occurs in the cell. Once this has 
been established, the composition of 
chromatin can be changed in a con- 
trolled way and the resultant changes 
in transcription can be analysed. This 
approach should reveal which aspects 
of chromatin composition and organi- 
sation are essential for the maintenance 
of in vivo-like transcription. 


in the first of the papers, Bacheler 
and Smith (Biochemistry, 15, 3281: 
1976) compare total in vitro synthesised 
transcripts of mouse liver chromatin 
with nuclear RNA by means of RNA 
excess  hybridisations with smal 
amounts of radioactive mouse DNA 
which has been fractionated on Hy- 
droxyapatite into three classes each 
differing from the others in the reitera- 
tion frequency of the sequences it 
contains. The results of these experi- 
ments indicate that all sequences found 
in nuclear RNA are also transcribed in 
vitro. Furthermore, the transcription 
of reiterated sequences from isolated 
chromatin is restricted in just the same 
way as is transcription in vivo, that is, 
highly repetitious sequences in mouse 
DNA are not represented in either 
nuclear RNA or in RNA transcribed 
from chromatin in vitro, Competition 
experiments show that there are 
sequences transcribed in vitro from 
chromatin which are not present in 
nuclear RNA. But these belong to 
a very limited set of sequences unless 
the chromatin is extracted with 0.5 M 
NaCl before transcription. This salt 
extraction, which strips the chromatin 
of HI histones as well as of certain non- 
histone chromosomal proteins, results 
in transcription which is no longer 
sequence restricted. Thus, Bacheler and 
Smith show that at least some signifi- 
cant aspects of in vive transcription 
can be preserved in vitro and can be 
altered by salt extraction, suggesting 
the importance of HI histone and/or of 
some of the acidic chromosomal pro- 
teins in transcriptional control. 

Quite a different way of analysing 
in vitro transcripts, which is used in 
the other two papers (pages 3291 and 
3296), is to assay for the presence of 
transcripts of one specific gene or set 
of genes, in this case the histone 
mRNAs. Stein, Reed and Stein have 
prepared “H-cDNA complementary to 
histone mRNA and used it in hybridi- 
sation experiments to probe for histone 
mRNA in transcripts from various 
reconstituted DNA-—chromatin com- 
plexes prepared in vitro from fraction- 


chromatin. 


ated HeLa cell These 
studies show that naked DNA is an 
effective template for in vitro tran- 
scription of histone genes (see also 
Huang er al, Proc. natn, Acad. Sei. 
U.S.A., 48, 1216; 1962: Allfrey ef al., 
Proc. natn. Acad, Ser. US.A., 49, 414: 
1963) but that this transcription is in- 
hibited nonspecifically by the addition 
of histones. Further, non-histone 
chromosomal proteins mixed with 
DNA in the in vitro system have no 
effect at all on the rate of histone gene 
transcription or on the frequency of 
histone mRNA in the transcripts un- 
less however the non-histone proteins 
are mixed with the DNA in the pres- 
ence of histones, In this last instance 
histone mRNA genes are made selec- 
tively transcribable, and thus histone 
mRNA represents a higher percentage 
of the total transcript. This result indi- 
cates that the interaction of histones 
and non-histone chromosomal proteins 
must be involved in a significant way 
in the control of specific gene transerip- 
tion in this system and as the same 
effect of non-histone proteins has been 
observed in globin gene transcription 
(Paul et al., Cold Spring Harbor Symp. 
quant. Biol, 38, 885: 1973: Barrett 
et al., Proc. natn. Acad. Sci. USA., 
71, 5057; 1974: Chiu et al, J. biol. 
Chem., 250, 9431: 1975) it is quite likely 
that histone-non-histone protein imter- 
action is a general franscriptional 
control mechanism. 

In these experiments the chromatin 
used was isolated from Hela cells in 
the S phase of the cell cycle. In the 
last paper (page 3296) Park, Stein, and 
Stein investigate the in vitro transcrip- 
tion of G -phase chromatin and report 
that they find very little histone mRNA 
in the transcripts. But if S-phase 
chromosomal proteins are added to 
Gi-phase chromatin, the specific tran- 
scription of histone genes js enhanced. 
When G: and S-phase chromatins are 
fractionated and reconstituted using 
combinations of pooled DNA and 
pooled histones with varying amounts 
of G: or S-phase non-histone proteins, 
it becomes clear that S-phase chroma- 
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tin contains a non-histone protein 
which has the ability to render the 
histone genes available for transcrip- 
tion. It is the absence of the protein 
in G;-phase chromatin rather than the 
presence of some inhibitor molecule 
which distinguishes Gi-phase from S- 
phase chromatin. Thus the importance 
of the non-histone proteins and their 
interaction with DNA and histones in 
the control of specific genes is again 
indicated. 

The type of in vitro transcription 
and reconstitution experiments pre- 
sented in these papers are beset with 
difficulties not only in their execution, 
but also in their interpretation. Often 
such work meets with much criticism 
and scepticism because factors such as 
just how the DNA probe was made 
and how the reconstitution and hybrid- 
isations were performed can alter the 
results significantly and consequently 
lead to misinterpretations. Also one 
can always criticise this type of work 
by pointing out that the studies are 
after all in vitro and may have nothing 
to do with the transcriptional process 
which occurs in the cell. Certainly this 
is correct; however, in vitro transcrip- 
tion and reconstitution experiments 
despite their difficulties are useful in 
pointing out which components of the 
in vivo system may be of particular 
significance. In a system as complex 
as that for the control of eukaryotic 
genome expression, such clues to which 
factors are likely to be most important 
is certainly useful as a guide for 
further thought and research. CJ 


Higher ozone 
concentrations over 
Britain 

from Peter D. Moore 


Tue elevated levels of ozone in the 
atmosphere of London and other parts 
of Britain have been a source of con- 
cern for some years (see Nature, 256, 
537: 1975). Man-made pollution is 
undoubtedly a major source of ozone 
in the troposphere and inflates the 
2-4p.p.hm. which is normally found 
there. Petrol and diesel engines are 
considered to be important in this 
process of ozone generation, for they 
emit nitric oxide and also uncombusted 
hydrocarbons which oxidize the nitric 
oxide to nitrogen dioxide. NO, is Hable 
to photochemical dissociation in day- 
light leading to the generation of 
atomic oxygen which interacts with 
molecular oxygen to produce ozone, 
Os. 


Ozone is a powerful oxidant and is 
known to damage both animal and 
plant tissues (Bell and Cox, Environ. 
Pollut., 8, 163; 1975). The Environ- 
mental Protection Agency of the 
United States has established an air 
quality standard of a maximum ozone 


concentration of 8p.p.hm. for an 
hours duration. In London, the 
Greater London Council’s guideline 


has been set at the same level. 

For some years this guideline has 
been exceeded, usually during anti- 
cyclonic periods in summer, On July 
13, 1972, a peak value of 11 p.p.hm. 
O, was recorded in Central London 
(Derwent and Stewart, Nature, 241, 
342; 1973). On page 580 of this issue 
of Nature Ball presents data for the 
summer of 1975 in London and 
registers a peak value of 15 p.p.hm. on 
June 26, 1975, almost twice the GLC 
guideline level. This is the kind of 
concentration at which, according to 
the WHO and the US Department of 
Health, a degree of eye irritation and 
aggravation of respiratory diseases 
may be expected. 

This is still well below the 28 p.p.hm. 
of Sydney, over 30p.p.hm. in Tokyo 
and up to 99 p.p.hm. in Los Angeles. 
It is, however, a disturbing trend. 
Ball has kindly provided some pre- 
liminary figures for the current (1976) 
summer in London which suggest that 
the trend towards higher ozone con- 
centrations in Britain is continuing. 
Even in early May of this year, levels 
of 18p.p.hm. had been recorded in 
London. Subsequently values up to 
21 p.p.hm. have occurred, and the 
guideline concentration has often been 
exceeded for as many as 40h per week 
over the whole of London. Records 
from Harwell are even higher than 
these. 

Ball’s data do help to resolve the 
question of whether Britain’s ozone is 
largely derived from the Continent or 
whether our cities make a significant 
contribution. Cox et al. (Nature, 255, 
118; 1975) showed that photo- 
chemically generated ozone can be 
transported distances of the order of 
100-1,000 km. Continental ozone can 


enter the British troposphere in 
sufficient concentration to raise 
ambient levels to as much as I5 


p.p.hm., as was shown during easterly 
air movements at a recording station 
in Suffolk during August 1973. 
Stewart et al. (also in this issue of 
Nature, page 582) show that high 
ozone concentrations occur most often 
on days when the wind direction is 
north-east, through to south This lends 
some support to the contention of Cox 
et al., but it is also true that when 
anticyclonic conditions prevail the 
wind is most often in that quarter. As 
Stewart shows, ozone is highest when 


and these conditions 
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temperature and insolation are high, 
are also asso- 
ciated with anticyclones. Ball now 
demonstrates that among the London 
recording stations higher values of 
ozone are found at those sites which 
receive air masses from over Greater 
London, and concludes that home- 
grown ozone represents a significant 
contribution to our tropospheric load. 

To what extent are these recent high 
levels of ozone a consequence of the 
unusually sunny, anticyclonic summers 
we have experienced of late? Only 
continued monitoring of gaseous 
pollution over London can answer 
this. It is salutary to note that in 
cities like Sydney, ozone became a 
problem with startling suddenness. A 


further, unanswered question is the 
degree to which ozone interacts with 
sulphur dioxide, our other main 
gaseous pollutant, in its harmful 
effects. Menser and  Heggestad 


(Science, 153, 424; 1966) showed that 
tobacco plants were severely injured 
by mixtures of SO, and O, in con- 
centrations of 24 p.p.hm. and 3 p.p.hm. 
respectively, whereas neither of these 
concentrations produced damage on 
their own. It is possible that this 
synergistic effect is general, in which 
case ozone may be an even more 
serious pollutant than is currently pre- 
dicted, especially in cities such as 
London where SO» concentrations are 
still high. 


Pleistocene mammals 


from D. W. Yalden 


Historically, the evidence provided by 
fossil mammals played a large part in 
establishing the glacial theory of 
Pleistocene geology. The discovery in 
the 1860s of fossil lemmings in south- 
ern England, in particular, was readily 
accepted as evidence of former tundra 
conditions. Though early excavations of 


caves and river terraces concentrated 


on large mammals, such as mammoths, 
or on human remains and artefacts, 
much information on smaller mammals 
was obtained: this formed the basis as 
long ago as 1926 for a large (though 
uncompleted) monograph by Hinton 
(Monograph of Voles and Lemmings 
(Microtinae) Living and Extinct, British 
Museum, (Natural History), London). 
While this early work established 
Quaternary biology as a science, it suf- 
fered, as pioneering work inevitably 


must, from being too early. The fossil 


mammals were subjected fo an ex- 


tremely typological classification, with 
names founded on extreme variants, 


and more normal intermediates left 
unnamed. The very complex nature of 
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ALTHOUGH it was the first nuclear 
process studied by Rutherford, alpha 
decay is still not properly understood. 
A large number of alpha decay rates 
have now been measured for heavy 
nuclei, and these depend basically on 
two factors, a nuclear structure factor 
that gives the probability that there 
is an alpha particle in the nuclear 
surface ‘waiting to get out’, and a 
penetration factor that gives the prob- 
ability that it will be able to tunnel 


quantum-mechanically through the 
| barrier and so escape from the 
nucleus. 


Ever since Gamow first applied 
quantum mechanics to the nucleus, it 
has been known that the penetration 
probability depends very critically on 
the height and width of the potential 
barrier through which the alpha par- 
ticle has to tunnel, and hence on the 
energy of the emitted alpha particle. 
This is why the alpha decay halflives 
vary from a very small fraction of a 
second to many thousands of years, 
while the corresponding alpha 
energies vary by. less than an order 
of magnitude. 

This simple theory was very success- 
ful in accounting. for the relative 
alpha decay rates of a large number 
of radioactive nuclei, but the absolute 
values were much less certain, due to 


the lack of knowledge of the nuclear 


the climatic fluctuations was not ap- 
preciated either (indeed Hinton was a 
monoglacialist, and so assigned faunas 
either to “the” cold period or to the 
preceeding warm period), with the re- 
sult that much ecological and strati- 
graphical information was overlooked 
or lost. | 

Biological aspects of Pleistocene 
study have been revolutionised first by 
pollen analysis and more recently by 
the study of insect, especially beetle, 
faunas; physical aspects of study have 
added absolute chronologies (from 
radiocarbon and other dating tech- 
niques) and absolute temperature cali- 
bration (from oxygen isotope ratios). 
In this surge of knowledge, Pleistocene 
mammals have, at least in Britain, been 
left far behind; Zeuner’s book (The 
Pleistocene Period, Hutchinson, 1944) 
contained a chapter of 30 pages on 
mammals, but only four single-line 
entries on pollen analysis, whereas 
West (Pleistocene Geology and Biology, 
Longman, 1968), has 32 pages on pollen 
Stratigraphy but only six on mammals. 

‘Clearly the time was ripe for restudy 
of British Pleistocene mammals, not 
only in their own right but also to 
integrate them into the newer frame- 
work of Quaternary chronology, Some 
significant signs of such restudy are 


structure and of the potential barrier. 
Using the best available nuclear struc- 
ture information, there was usually a 
factor of a thousand between the 
measured and calculated decay rates 
and it was generally considered that 
this large factor was still within the 
uncertainties of the potentials. 

This point has now been carefully 
checked by De Vries at Rochester 
and Lilley and Franey at Minnesota 
(Phys. Rev. Lett., 31, 481; 1976). They 


Absolute alpha 
decay rates 


from P. E. Hodgson 


studied the interaction of alpha par- 
ticles with "Pb and *Bi and fitted 
the experimental data for elastic 
scattering at 22 MeV and the reaction 
cross section from 17 to 24 MeV by 
a series of optical model potentials. 
The reaction cross sections are known 
accurately since they are the sum of 
the (a,m, (a@,2n) and (a,y) cross 
sections, all of which can be 
measured accurately. No other re- 
actions are energetically possible. 
They found that this data imposes 
tight restrictions on the optical 


now available. One is Stuart’s review 
relating all available vertebrate occur- 
rences to the pollen stratigraphy of 
Britain (Biol. Rey., 49, 225-266; 1974). 
this involved new collecting from sites 
where information on pollen was avail- 
able or obtainable as well as a re- 
examination of a scattered and often 
obsolete literature. Another equally 
valuable review of a different type is 
Maglio’s paper on the evolution of the 
elephants (Trans. Am. phil. Soc., 63, 
1-149; 1973). Because they are so con- 
spicuous, fossil elephants, or at least 
their molars, have played an important 
part in stratigraphy, but their tax- 
onomy has been extremely muddled. 
Perhaps the most important such 
contribution has just been published by 
Sutcliffe and Kowalski (Pleistocene 
Rodents of the British Isles, Bull Br. 
Mus. (nat. Hist.) Geol. 27, 31-147: 
1976). This account is important in a 
number of respects. For a start, the 
rodents are, and have been throughout 
the Pleistocene, the most numerous 
mammals; they are therefore the most 
abundant in cave deposits, and so po- 
tentially the most useful archacologi- 
cally or stratigraphically, and they are 
arguably the most important ecologi- 
cally. Their potential has however been 
largely unrealised, partly perhaps be- 
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potentials, so that an acceptable w 
can only be obtained with parameters 
constrained within narrow limits. The | 
penetrabilities calculated from these | 
potentials vary somewhat, but far less 
than was previously thought. This 
makes it possible to calculate accurate 
absolute values of the quantity called 
the reduced alpha width y. that 
contain the nuclear structure informa- 
tion alone. It is found that these | 
values are still about a thousand | 
times greater than those calculated 
from the shell model. For example, 
for “Po, the value of y*, found from. 
the measured alpha decay rate and | 
the calculated penetrability is 0.88 
tii. whereas the value calculated 
from the shell model by Harada is 
only (0.31 to 3.3)x10°. Results for 
other nuclei are similar. 

This is a serious discrepancy and 
shows the need for much more 
sophisticated nuclear structure cal- 
culations, including more configur- 
ation mixing and the renormalisation 
required by antisymmetrisation. A | 
thousand times more alpha particles | 
are emitted than would be expected | 
from existing shell model calculations, | 
so it may well be that this is due to | 
substantial clustering of alpha par- | 
ticles on the nuclear surface that | 
cannot yet be described by the shell 
model. T 
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cause archaeologists have tended to ig 
nore them, but largely because, as a 
result of the early studies, they were in 
a taxonomically unsatisfactory state 
and therefore unreliable stratigraphi- 
cally. This review should at least re 
solve these last obstructions. The 
literature records are thoroughly re- 
viewed, and their stratigraphical 
assignments reassessed, The taxonomy 
is also reviewed, so that it is now 
much clearer just how many distinct 
species were present in the Pleistocene. 
The dubious taxa erected by Hinton, 
among others, are thoroughly scruti- 
nised, and many are relegated to 
synonymy. Of particular importance is 
the cautious reassessment of Microtus 
species, especially M. arvalis. This 
vole has a rather southern distribution 
in Europe, being absent from Scandin- 
avia and, except for Orkney and 
Guernsey, from Britain. The occur- 
rence of fossil remains attributed to H, 
however (often as M. corner?) have led 
to suggestions that it was an early post- 
glacial immigrant, since isolated as a 
relict in Orkney, Not only is this in- 
herently unlikely on ecological grounds 
(human introduction being more likely 
an explanation) but, as this review 
makes clear, the supposed fossil occur- 
rences are very doubtful indeed, The 
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review also reveals however many very 
real problems which require further 
study or perhaps further material. For 
example, we do not know for certain 
when lemmings disappeared from 
Britain nor whether, as the evidence 
suggests. the high Arctic collared 
lemming, Dicrostonyx torquatus, sur- 
vived later than the more southerly 
Lemmus lemmus. 

More important, however, than this 
sort of query which the review poses 
is the framework which it provides for 
evolutionary studies. G. R. Coope 
(personal communication) has averred 
that beetles, because of their mobility, 
provide a better indicator of past cli- 
mates than plants, but that their re- 
liability for this depends on their 
evident morphological stability and pre- 
sumed ecological stability throughout 
the Pleistocene. Plants also seem to 
have evolved little. The rodents, how- 
ever, share the mobility of beetles, but 
at the same time demonstrate consider- 
able evolutionary flexibility. Their rates 
of evolution and the relationship of 
these to ecological changes are aspects 
which should begin to attract attention, 


Cosmic rays at 
Leeds 


from a Correspondent 


The fifth European Cosmic Ray 
Symposium was held at Leeds on 
September 14-17, 1976. 


Cosmic ray studies still have a lot to 
offer the nuclear physicist. That at the 
very least was clear from the discussions 
at the symposium. The energies avail- 
able with cosmic ray particles (up to 
> 10° eV) still far exceed the best 
accelerators. Thus effects such as high 
transverse momentum and increasing 
cress sections for hadron interactions 
that are perhaps beginning to appear at 
the highest machine energies should be 
clearly observable from cosmic ray 
studies. If, as accelerator work initially 
seemed to indicate, Feynman scaling 
theory holds then it should become 
very evident at these high energies. 

Experimentally, problems arise in 
studying high energy cosmic rays 
because of their inacessibility and very 
low flux. The high energy primary 
particles reaching the Earth interact in 
the atmosphere causing a cascade of 
secondary particles to reach sea-level 
in the form of an Extensive Air Shower 
(EAS). Since the low primary flux 
makes direct collection virtually im- 
possible thi. EASs are the only con- 
venient means of investigating the 
nature and properties of the high 
energy particles. 


A major topic at the Leeds sym- 
posium was the attempt to relate the 
experimentally measured properties of 
the EAS to theoretical predictions based 
on cascade calculations assuming both 
a nuclear physics model and a par- 
ticular mass composition spectrum for 
the primary particles. High transverse 
momentum phenomena in nuclear 
interactions (diverging from average 
CKP behaviour) have been a topic of 
discussion at cosmic ray conferences 
for many years, and now positive 
evidence is also appearing from accel- 
erators. Controversy still reigns, how- 
ever, as to the magnitude of the effect 
or indeed whether the observed events 
could be just the expected high 
momentum tail from the CKP dis- 
tribution. 

The scaling theory of nuclear inter- 
actions came in for a lot of hammer- 
ing. Evidence is accumulating from 
EAS research against ‘scaling’ being 
operative at high energies. Here a pro- 
blem in interpretation is the uncertainty 
in the mass composition of the primary 
cosmic ray particle initiating the EAS. 
Assuming the established composition 
at low energies (~80% protons) then 
‘scaling’ appears to be incompatible 
with experimental EAS data. However 
if predominantly iron primaries are 
assumed to occur ~10" eV the ‘scaling’ 
theory can perhaps be rescued. An 
additional concern, pointed out at the 
symposium, was the as yet inadequate 
treatment in the model calculations of 
extreme fluctuation effects coupled 
with the steeply falling primary energy 
spectrum. Rigorous calculations may 
well make ‘scaling’ more acceptable. 
In passing it should be noted that 
recent results from Fermilab and Stan- 
ford on deep inelastic scattering also 
show departures from ‘scaling’. 

The most exciting experimental 
work in EAS studies discussed at the 
symposium was reported by K. E. 
Turver and colleagues from the Uni- 
versity of Durham. This group have 
very carefully measured the Cerenkov 
radiation produced in the atmosphere 
by EAS. These observations were re- 
corded at the Haverah Park detector 
array, North Yorkshire, from EAS of 
primary energy >10 eV. Although 
such atmospheric Cerenkov radiation 
has been investigated previously the 
advance by Turver’s group was 
achieved by making use of a well-spaced 
array of eight photomultiplier detectors 
and correlating their responses. By 
analysing the pulse shape from the 
different detectors the researchers claim 
to be able to pinpoint the EAS develop- 
ment with a considerable degree of 
accuracy. Tt is fairly early days in their 
investigations but the technique looks 
very promising. The main problem at 
the North Yorkshire moors array is the 
available operation time as clear dark 
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nights are required—only 100 hours 
was achieved last winter. However, if 
this technique is established at Haverah 
Park, in close collaboration with the 
particle detector array there, then it 
should be possible to set up such an 
air Cerenkov array independently in a 
more favourable climate. 

The origin and mass composition of 
the high energy primary cosmic rays 
still remain the key astrophysical ques- 
tions to be answered. The extragalactic 
versus galactic origin controversy con- 
tinues with almost equal support on 
both sides. Until recently it seemed that 
cosmic rays even at the highest energies 
appeared to reach the Earth equally 
from all directions. However, as the 
statistics of the really high energy 
events (>10'eV) built up in recent 
vears there does appear to be some 
evidence for a small degree of aniso- 
tropy in right ascension. A. M. T. 
Pollock and A. A. Watson (University 
of Leeds) presented data on the arrival 
direction of primary particles of 
energy 107-10" eV. Some 45,000 EASs 
were subjected to harmonic analysis in 
right ascension. A significant amplitude 
(0.1% chance probability) occurs in the 
direction of 251(4£15)° RA. Evidence 
from the same group at higher energies 
(>10' eV) is not so conclusive. There 
seems to be a change of phase with 
increasing energy but it is regarded as 
significant that the two highest energy 
events (210° eV) come from close to 
the North Galactic Pole. D. D. Krasil- 
nikov (Institute of Cosmophysical Re- 
search, Yakutsk, USSR) has plotted the 
arrival directions of the total world 
accumulation of 67 reported events 
greater than 4x10" eV. An equatorial 
region in the galactic coordinate system 
seems to be practically devoid of events. 
Krasilnikov concludes that this can be 
interpreted as the result of screening 
by magnetic fields of an isotropic flux 
of the particles coming from outside 
the Galaxy radiodisk. If these particles 
were of galactic origin they would be 
required to be heavy nuclei from a 
powerful source in the centre or behind 
the centre of the Galaxy and influenced 
by a highly extensive radio halo with 
a very specific regular magnetic field 
structure. Tt is more likely that they are 
of extragalactic origin. Attempts to 
correlate arrival directions with pulsars 
have proved negative. 

This symposium represented a special 
occasion in that for the first time the 
lower energy cosmic ray work (modula- 
tion section) was discussed at the same 
meeting as the high energy and EAS 
work. Usually two separate symposia 
are held at different venues. The 
amalgamation was in honour of Pro- 
fessor J. G. Wilson whose life-long 
interest in cosmic rays has spanned 
both branches of the research field. 
John Wilson is this year retiring from 
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the Cavendish Chair of Physics at the 
University of Leeds which he has held 
since 1952. His research in cosmic rays 
started under C. T. R. Wilson and he 
became a prominent member of 
P. M. S. Blackett’s group at Man- 
chester after the Second World War. 
Latterly he has been responsible for 
setting up and developing the EAS 
detector array at Haverah Park. He 
plans to continue his interest in the 
field during his retirement. 

J. G. Wilson presented a paper deal- 
ing with the energy spectrum of cosmic 
rays at energies > 10” eV. . Evidence 
continues to mount in support of a 
flattening of the spectrum above 10° 
eV. There appears to be no cut-off at 
this energy arising, as predicted, from 
interaction with the supposed universal 
3 K photon flux. This inconsistency still 
remains a problem as the arrival direc- 
tion analysis does seem to suggest an 
extragalactic origin for these very high 
energy cosmic rays. 

In general then cosmic ray research 
still appears to be a hive of activity 
with plenty of promise. However, pro- 
gress is inevitably slow, perhaps reflect- 
ing the difficulties of both technique 
and interpretation. cg 


Efficient bumblebees 
are almost specialists 


from John Krebs 


THE familiar sight of bumblebees 
gathering pollen and nectar from wild 
flowers is the basis of a recent study by 
B. Heinrich (Ecol. Monogr., 46, 105: 
1976), in which he analysed the forag- 
ing behaviour of individually marked 
worker bees of the genus Bombus. The 
bee uses different techniques to collect 
pollen and nectar from different plant 
species, for example it collects pollen 
from dogwood by pressing its body on 
the flat inflorescence, while on the cran- 
berry it hangs upside down and shakes 
the pollen onto its body. The bees in 
Heinrich’s study area preferred cer- 
tain flower species over others: Chelone 
being the most favoured and Solidago 
the least. In fact the rank order of 
preference (measured by the number of 
bees per flower) corresponded exactly to 
the rank order of potential nectar yield 
from the various species—I will return 
to this point later. While this picture 
applies to the whole bee population, 
each individual bee specialises on a 
particular plant species (its ‘major’) 
and occasionally visits one or two other 
species (‘minors’): the overall distribu- 
tion of foraging effort by the bees is 
the sum of many specialists on different 
plants. 


Specialisation is not purely a result 
of attachment to one particular site, 
nor is it temporary; many workers 
probably retain the same ‘major’ 
throughout their life of four to six 
weeks. The ‘minors’ of individual bees 
are also constant, but Heinrich found 
that he could induce workers to adjust 
their preference by adding sugar drop- 
lets to a ‘minor’ in their repertoire, 
which then became the ‘major’, show- 
ing that the choice of a ‘major’ is 
related to how profitable different 
plants are. The benefit to a bee of 
specialising was revealed in an experi- 
ment in which Heinrich compared the 
efficiency of experienced and naive bees 
in extracting nectar from monkshood, 
which is unusual in having its nectar 
hidden in two modified petals. The naive 
bees, which had foraged on other 
flowers but not monkshood, had diffi- 
culty in finding and extracting the 
nectar while the specialists did not. This 
and other observations suggested that a 
non-specialist bee would be rather 
unsuccessful in competing for nectar 
and pollen with a specialist. 
Heinrich’s results pose two intriguing 
questions: Why do all bees not major 
on the most profitable flower species? 
And why do individuals maintain 
minors in their repertoire? The answer 
to the first question is straightforward. 
As I have mentioned, the bee popula- 
tion as a whole distributed its foraging 
effort according to the order of profit- 
ability of the various flowers, so that 
the commonest major is the ton rank- 
ing nectar source, the next commonest 
major the second ranking plant and so 
on. It also turns out that after the 
foragers have exploited an area, all the 
different plants contain about the same 
amount of left-over nectar—they are 
all reduced to the same level of profit- 
ability. This means that the lower nec- 
tar content of poor quality flowers is 
(more or less) exactly compensated for 
by the fact that more bees compete for 
nectar in the rich flowers. (This pattern 
of harvesting, which has also been ob- 
served in birds, is predicted by theo- 
retical models describing how a maxi- 
mally efficient forager ought to behave, 
but more of that another time.) 

The guestion of why bees maintain 
minors is more difficult, but G. Oster 
and B. Heinrich (Ecol. Monogr., 46, 
129; 1976) have developed a model to 
offer a tentative explanation. Their 
argument goes like this: if there is an 
array of flowers giving different quan- 
tities of nectar per unit effort, an 
efficient worker with perfect know- 
ledge should forage purely in the most 
profitable flowers. When the bee has 
no previous knowledge, it has to sample 
the flowers to estimate their profit- 
abilities and then adopt the “pure 
strategy” of foraging in the best 
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flowers. But suppose Nature is awk- 
ward, and the different flower types 
continually change ranks, what should 
the bee do? In the extreme case, when 
Nature obeys Murphy’s Law and what 
the bee thinks is best immediately be- 
comes the worst, a “mixed strategy” is 
best because it insures against a sudden 
change. Assuming that Nature js 
perverse but not too perverse, the bee's 
best strategy lies somewhere between 
mixed and pure: majoring with one of 
two minors. 


Photobiology 


from R. P. F. Gregory 








The Seventh International Congress 
on Photobiology was held in Rome 
on August 25-September 3, 1976. 










Wuat advances stand out after four 
years’ study of photohiology? G. Por- 
ter (Royal Institution, London) gave 
one answer in terms of picosecond 
kinetics. The primary processes of light- 
absorption by a pigment and its re- 
emission in fluorescence can now be 
studied at times approaching a few 
picoseconds using the streak camera. 
(The absolute theoretical barrier was 
set by the Uncertainty Principle in the 
region of 0.5 ps.) Both by advances in 
the understanding of the behaviour of 
excited states of pigments and the ap- 
plication of ultrashort pulsed laser 
spectroscopy, models have been 
produced of the operation at the nano- 
second timescale of three photobio- 
logical pigments. M. Ottolenghi 
(Hebrew University, Jerusalem) de- 
scribed the interconversions of rhodop- 
sin, bathorhodopsin and isorhodopsin in 
terms of the energy level diagram and 
was able to account for the observed 
quantum yield. Remarkably similar be- 
haviour was reported for the analogous 
pigment bacteriorhodopsin from the 
typical phototroph Halobacterium (R. 
H. Lozier and colleagues, Ames 
Research Center, California). The 
phototransformations of phytochrome, 
preceding the appearance of the Pr 
and Pfr forms, are also in the model 
stage (R. E. Kendrick, University of 
Newcastle-upon-Tyne). Outside the 
formal sessions it was apparent that 
the problems of pigment organisation 
and the spectroscopic methods presently 
available for their investigation were 
common to these topics and also to 
the study of chlorophy!!, both in mem- 
branes and in pigment-protein com- 
plexes. At this level Photobiology very 
clearly exists as a discipline, 
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The importance of flavins or flavo- 
proteins in many responses of organ- 
isms to light is becoming apparent, and 
the much debated alternative, carotene, 
is on the retreat, in such examples as 
the flagellar response of Euglena, and 
the development of the coleoptile of oat 
seedlings. Flavoproteins also appear to 
provide an explanation for the various 
‘blue-light effects’ in mitochondria, 
Neurospora and the alga Protesiphon 
botryoides. In several cases there is 
clear evidence that the flavin is 
coupled to an electron transport sys- 
tem, such as a cytochrome or 
plastocyanin, In these examples the 
metabolic links between the action of 
the pigments and the observed effects 
on the organisms were relatively ob- 
scure; however, in photosynthesis there 
have been impressive developments in 
metabolism. These cover both the 
chloroplast-cytoplasm relationship of 
the normal (C3) system and the agri- 
culturally-wasteful process of photo- 
respiration. H. R. Bolhar-Nordenkampf 
(The University, Vienna) described 
techniques of measuring photosynthesis 
and photorespiration in crop leaves, 
from which the behaviour and future 
yield of the crop could be assessed. 
The possibility of photorespiration 
being an essential detoxification sys- 
tem for the various oxide radicals con- 
tinues to be discussed. 

The subject very clearly divides be- 
tween the above ‘natural, positive’ 
aspects, and the adventitious and nega- 
tive effects of light, particularly ultra- 
violet. Although there is considerable 
data on the effects of ultraviolet on 
proteins and nucleic acids, the car- 
cimogenic action on human skin could 
not be simply explained. A more 
satisfactory molecular explanation 
could be claimed concerning the 
success in treating certain skin diseases 
such as psoriasis and mycosis fungoides 
with psoralens (which bind to DNA) 
and UV-A light (M, A. Pathak, Har- 
vard Medical School). Not only ultra- 
violet, but visible light was clearly 
shown by J. Marshall (institute of 
Ophthalmology, University of London) 
to lead to striking degradation of reti- 
nal cones in animals and people sub- 
jected to artificially extended daylength. 

The contribution of photobiology to 
economic problems occupied much 
attention, in that in principle solar 
energy remains the one large source of 
energy available for immediate use. 
Biological conversion was discussed by 
D. O. Hall (King’s College, London) 
who pointed out that in many areas 
existing knowledge and technology 
could provide not only increased food 
crops but materials such as ethanol 
and glycerol at competitive prices, In 
several cases it had been shown that 
producing crops under cover in large 


areas with varied CO. levels not only 
relieves losses by photorespiration, 
but also increases nitrogen fixation and 
water economy. W. J. Oswald (Uni- 
versity of California, Berkeley) is of 
course unchallengeable in his presenta- 
tion of algal sewage-farming at a profit. 
A. A. Krasnovsky (Academy of 
Sciences, Moscow) and others set out 
possible photoconversion systems based 
on isolated pigments or stabilised 
membrane systems, provided with 
enzyme systems, for the production of 
hydrogen. It remained doubtful, how- 
ever, whether simulated photosynthesis 
for the production of, essentially, heat 
would be competitive with existing 
‘solar panels’ for heating (and re- 
frigerating). The discussion of this 
topic (as Porter had the opportunity to 
point out in the Farrington-Daniel 
memorial lecture) has had a pheno- 
menal growth rate in the past four 
vears, and raised Photobiology to the 
status of a political issue. = 


Sicily as the sum 
of parts 


from Peter J. Smith 


THE notion that Sicily straddles litho- 
spheric plates is by now a familiar 
one, The crystalline massif forming 
the extreme northeast of the island 
is a continuation of the Calabrian 
metamorphic belt and thus linked 
geologically with Europe. The 
Ragusa carbonate platform in the 
extreme southeast, on the other hand, 
is an extension of the Sahara plat- 
form and thus linked geologically 
with Africa. The boundary between 
the African and European plates (see 
McKenzie, Geophys. J., 30, 109; 1972) 
probably runs along the northern 
edge of Sicily, except in the east 
where it lies south of the massif, 

This interpretation places the re- 
sedimentation basin and nappes which 
form the western and central parts 
of the island firmly on the African 
plate. Indeed, Barberi ef al. (Earth 
planet. Sci, Lett., 22, 123; 1974) were 
apparently able to confirm this when 
they showed palaeomagnetically that, 
the crystalline northeast apart, Sicily 
has been part of the African plate 
since the Cretaceous. But as might 
be expected from Sicily’s marginal 
position, things may not be that 
simple. Caire (in Gravity and Tec- 
tonics, Wiley, 1973), for example, has 
suggested that there may have been 
a second intra-island plate boundary 
isolating the Ragusa platform—-a 
possibility apparently not excluded by 
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the work of Barberi and his colleagues 
who analysed rocks only from the 
extreme east. 

To test this idea, Schult (Earth 
planet. Sci. Lett; 31, 454; 1976) has 
now carried out a palaeomagnetic 
study of Upper Cretaceous and Middle 
Jurassic volcanic rocks from the west 
of Sicily. The two poles thus obtained 
are not only significantly different 
from those of comparable ages for 
Europe (as expected) but are even 
further removed from those for 
Africa and the Ragusa platform. 
Since the Upper Cretaceous, western- 
central Sicily has apparently rotated 
clockwise by about 90° with respect 
to southeastern Sicily (and hence with 
respect to Africa) and by about 60° 
with respect to stable Europe. 

Schult admits that the margin of 
error on his results is larger than one 
would wish; but taken at face value 
the new poles confirm Caire’s pro- 
posal that western-central Sicily and 
the Ragusa platform once behaved as, 
or as part of, separate crustal blocks. 
And implicit in that confirmation is 
western—central Sicily’s unique sense 
of rotation, All other known crustal 
block rotations in the central 
Mediterranean were apparently anti- 
clock wise. 





A hundred years ago 


ARE WE DRYING UP? 

Sucu is the title of a paper in the 
September number of the American 
Naturalist, by Prof. J. D. Whitney, the 
object of which is to bring together 
some of the more striking facts in 
regard to the desiccation of the earth’s 
surface--or at least of a considerable 
portion of it—-which has taken place in 
the most recent geological period, and 
to suggest the inquiry whether we have 
anv proof that this desiccation has been 
and is continued into the historical 
period: in short, Are we drying up? 

There is a prevailing popular im- 
pression that the countries around the 
Mediterranean are drier than they were 
two or three thousand vears ago, and 


| that this change is due in part, if not 
| wholly, to the cutting down of the 


forests which are assumed to have once 
existed there. Yet, when this matter 
comes to be investigated, it would 
appear that there is little if any evi- 
dence either that there has been any 
such wholesale stripping of wooded 
lands, or that there has been any con- 
siderable change in the climate of that 
region, 
From 

1876, 


Nature, 14, October 12, 527; 


Nature Vol. 263 October 14 1976 





articles 


AA ARORA Anin hr ALAS rehe NARRATED PSN AAT DALAL RODS ARPT ISM AD 


Stratospheric aerosols and climatic change 
Betty Baldwin, James B. Pollack, Audrey Summers & Owen B. Toon 


Space Science Division, NASA~Ames Research Center, Moffett Field, California 94035 


Carl Sagan 


Laboratory for Planetary Studies, Cornell University, Ithaca, New York 14853 


Warren Van Camp 


Informatics, Inc., Palo Alto, California 





Global heat balance calculations imply that stratospheric 
aerosols, generated by volcanic explosions, have made 
important contributions to some observed climatic changes 
but that such aerosols generated by supersonic transports 
and Space Shuttles are unlikely in the next few decades 
to have a significant climatic impact. 





THE stratosphere contains a layer of submicron-sized particles, 
centred at an altitude of ~ 20km and extending from the 
tropopause to an altitude of ~ 30 km (ref. 1). Usually, the 
particles of this layer are made primarily of a concentrated 
sulphuric acid solution®*, which is generated in situ from 
sulphur-containing gases that undergo a series of oxidation 
and hydration reactions!. At present, volcanic explosions are 
very important sources of these aerosols because of the sulphur- 
ous gases they inject into the stratosphere’. Volcanic explosions 
also introduce silicate particles into the stratosphere**. Because 
the gas—particle conversion has a time constant ~ 1 yr (ref. 1), 
silicates are the dominant aerosol species in the first few months 
following a volcanic explosion®, but HSO, dominates for the 
next few years’. A future source of stratospheric aerosols may 
be from flight. through the stratosphere. The effluent from 
supersonic transports (SSTs) includes sulphur-containing 
gases, which will be converted to H.SO,, while the exhaust 
from Space Shuttles contain tiny aluminium oxide particles!-57, 

It is important to understand the climatic changes that might 
be produced by stratospheric aerosols. One variable useful in 
characterising the climate is the globally-averaged surface 
temperature, T, which depends on the global heat balance 
between the amount of solar energy absorbed by the entire 
Earth and the amount of thermal radiation emitted to space. 
Stratospheric aerosols scatter and absorb solar radiation and 
interact with and produce thermal radiation. Changes in their 
number will thus cause a temporary imbalance between the 
solar energy absorbed and the thermal radiation emitted to 
space and necessitate an adjustment in T to restore the global 
heat balance. We perform here accurate radiative transfer 
calculations to estimate the sensitivity of the climate to changes 
in the number of stratospheric aerosols. The results, when 
combined with observed changes in the level of volcanic 
activity, permit us to assess volcanism as a cause for past 
climatic changes. Calibrating by these findings, we calculate 
the climatic impact of future vehicular traffic through the 
stratosphere. 


teat A ai lbh A te AN TANA ENTEN: 


The model 


We here summarise our radiative transfer calculations of T, 
specify the sources of our model's parameters, discuss factors 
not included in our calculations, and, where possible, introduce 
approximate corrections for these factors. It is not possible to 
evaluate the full climatic impact of changes in the number of 
stratospheric aerosols; but because the direct effect of these 
particles is radiative, our calculations provide a useful measure 
of the sensitivity of T to such changes. 

For a specified model atmosphere, including a vertical 
profile of the aerosols, we determine the value of T that leads to 
global heat balance. Climatic change is measured by AT, the 
difference in T between the perturbed and unperturbed state. 
An accurate method, based on the doubling principle”, was 
used to solve the multiple scattering problem for unpolarised 
light and so determine the amount of solar energy absorbed 
by the Earth. The thermal radiation emitted to space was found 
by numerical evaluation of the formal solution of the equation 
of radiative transfer’. For the solar calculations, account was 
taken of the absorption and scattering from both gases and 
aerosols. Because the single scattering albedo of stratospheric 
aerosols is small in the thermal infrared'', scattering was 
neglected in the thermal calculations, but the opacity of both 
gases and aerosols was included. While no allowance was made 
for diurnal, latitudinal or seasonal variations in the model 
parameters, we did include vertical inhomogeneities. Also, 
tropospheric water clouds are present over 50°, of the globe. 
A more detailed discussion is given elsewhere*?-*, 

An increase in the amount of stratospheric aerosol can lead 
to either a warming or cooling of the Earth. Our radiative 
transfer calculations, as well as those of others'", indicate that 
the sign and magnitude of AT depends critically on the real and 
imaginary parts of the refractive indices of the added particles, 
their size distribution, and the surface albedo. We use the 
measured refractive indices for materials constituting the 
aerosols of interest? and size distributions based upon 
available measurements". Finally, we use a value of 0.1 for the 
surface albedo". 

The increase of the optical depth of the stratosphere, At, 
caused by the addition of particles has a strong effect on the 
magnitude but not the sign of AT. This parameter is propor- 
tional to the number of added particles which are large enough 
to interact efficiently with light. Figure 1 illustrates the 
variations of At over the past century, as determined from 
observations of the amount of unscattered sunlight and star- 
light transmitted by the atmosphere’, and many of the observed 
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Fig. 1 Optical depth perturbations of the atmosphere at a wavelength of 0.55 um as a function of time, and volcanic explosions that Lamb® 

has judged to have injected significant quantities of dust into the stratosphere. The dust veil index (DYD is Lamb’s assessment of the import- 

ance of an eruption. The larger perturbation in 1963 is a Southern Hemisphere value, and the smaller a Northern Hemisphere value. The 

error bar in 1912 represents a measurement at one location of a single day’s perturbation and a one-month average. The solid curve is an 

average of monthly mean optical depths at several locations. Note the phase lag between the times of eruption and peak optical depths— 

partly because of the slow transport of dust from the point of injection into the stratosphere and partly because of the slow photochemical 
conversion of sulphur-containing gases to sulphuric acid aerosols, as is observed directly”. 


changes in Atcan be associated with major volcanic events. 
We estimated At for other times from less direct information, 
as indicated in the footnotes to Tables 1 and 2. In making these 
latter estimates, we have neglected any variation in the strato- 
spheric residence times of the aerosols, which could result from 
changes in the stratospheric temperatures. 

Our calculations neglect several feedback mechanisms that 
might augment the temperature changes (alterations of the 
snow and ice cover), retard these changes (an alteration in the 
dynamical heat transport), or has either effect (variation in 
cloudiness). Current climate models that include the first two 
of these feedback mechanisms suggest they cause an amplifica- 
tion by a factor of 4 in AT for transitions from interglacial to 
glacial conditions'*!*, Since 10-104 yr are required to establish 
the great continental ice sheets!’-?°, we multiply our results by 
this factor when dealing with changes on time scales > 10° yr, 
and use a smaller factor for time scales as short as a few hundred 
years”, 

Our calculations are also limited to the steady state, in which 
perturbation persists for a much longer period, P, than the 
response time of the land~atmosphere—ocean system, t. When 
dealing with time scales of a few months or less, when P < t 
for both the troposphere and ocean‘, we hold the tropospheric 
and ground temperatures constant and consider only tempera- 
ture changes in the stratosphere. For somewhat longer time 
scales (still < 4 yr) P > t for the troposphere, but < z for the 
mixed layer of the oceans’. In this case we multiply* our 
calculated value of AT by P/2z. 


Volcanic activity as an 

agent for climatic change 

Using this model, we have calculated AT for past, observed 
changes in the level of explosive volcanism and have compared 
the results with contemporaneous observations of AT. Table 1 


summarises the results. The first two rows refer to the effects 
of single volcanic explosions, while the remaining rows refer to 
the effects of multiple volcanic explosions. The rows are also 
ordered according to the duration of the climatic change; the 
top row refers to the shortest time interval. 

Comparison between the observed and predicted values for 
the first two rows of Table 1 provides a test of the validity 
of our model calculations. The calculated increase in the 
stratospheric heating rate agrees well with the increase observed 
during the first few months after the Mt Agung eruption. 
Also, the calculated decrease in the average surface temperature 
for the 2-yr period following an eruption is in accord with the 
observed decrease to within their mutual uncertainties. The net 
effect of volcanic explosions is to cause a temporary cooling 
of the Earth. 

Rows 3 and 4 of Table 1 permit an assessment of the con- 
tribution of volcanic activity to the AT observed over the past 
century. This comparison is shown in greater detail in Fig. 2, 
where we have also indicated the AT expected from the observed 
increase in the CO, content of the atmosphere, coming pri- 
marily from the burning of fossil fuels**~*4. We have set the 
reference point of the temperature scale at 1885. The increase 
in T from the end of the nineteenth century until 1940, shown 
by the theoretical volcanic dust curve, arises from the declining 
level of volcanic activity over this period. Thus, the temperature 
was depressed during the early part of this period when there 
was much volcanic activity, but no such depression occurred 
during the later, volcanically quiescent times. 

Figure 2 and Table 1 suggest that changes in the level of 
volcanic activity have made a significant contribution to the 
increase in surface temperature from the end of the nineteenth 
century to 1940, and a less significant contribution to the de- 
cline in temperature from 1940 to the present. Because we did 
not include possibly important feedback effects, such as 
variations in cloudiness, we cannot make a precise estimate 
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Table 1 Comparison between observed temperature changes and those expected from volcanic aerosols 


Comparison Characteristic of variable being compared Model parameters 
Observed Predicted Variable Place Time period Aerosol At F* Ft Comments 
value value species 
0.1 (ref. 34) 0.1} Atmospheric Southern Hemi- First several silicate 0.1) — —— The main source of the heating is 


absorption of outward-directed 
thermal radiation by the added 
aerosols rather than their ab- 
sorption of solar radiation’, 


sphere, lower months after dust 
stratosphere the Mt Agung 


eruption in 1963 


heating rate§ 


The observed value was obtained 


—0.3 (ref. 26) ~0.2 Mean surface Northern Epochal average sulphuric Oasagainst 0.25 | 
temperature | Hemisphere for a 2-yr period acid 0.1! by averaging the results of 13 
change, AT after an separate events. This averaged 
eruption value is statistically significani at 
| the 1° level. 
+0.6 (ref. 35) 4-0.5 Mean surface Northern 1880-1890 sulphuric 0.07 i l 
temperature Hemisphere as against acid as against 
change, 1935-1945 0") 
ATS 
—0.3 (ref. 35) --0.15 Mean surface Northern 1935-1945 sulphuric 0 l 1 The agreement between the pre- 
temperature Hemisphere as against acid as against dicted and observed AT from 1940 
change, AT 1965-1970 0.02! to 1970 is worse than is apparent 
from this Table. See Fig. 2. 
m= +-0.5 (refs 25,33) Mean surface Northern 1450-1915 sulphuric 0.03** | l—— The full ice~-snow albedo feedback 
+0.3-+0,.6 temperature Hemisphere (Little Ice Age) acid as against 2 will not be realised since there 
change, AT‘ as against 0 was insufficient time to build 
1935-1945 large continental ice sheet. How- 
ever, observations suggest that 
some increase in smow cover may 
have occurred during the Little 
Ice Age”. 
-+4 (refs 29, 33) Mean surface Both 12,000- sulphuric 0.02- I 4 12,000-25,000 BP was the coldest 
+0.7-4+-7 temperature hemispheres 25,000 BP acid 0.27T part of the last ice age. 
change, AT" as against now as eae 








*Correction factor for the finite response time of the atmosphere-~ocean—land system. A response time of 4 yr was used to calculate F, for the 
second row. This value was derived from the amount of mass in the mixed layer of the ocean**°, 

: +Correction factor for feedback from a change in ice and snow cover and in the atmospheric dynamics’?!*. This correction factor is poorly 
nown. 

tThe tropospheric temperature was held constant because the response time of the troposphere is several months* °°. 

$In units of K d~} 

(Found from Fig. 1. 

tin K. AT as given in the first and second columns of the table is the difference in temperature between the second and first time period of 
the fifth column. For example, the observed value of + 0.6 given in the third row means T increased by 0.6 K from [880-90 to 1935-45. 

**The At value for the Little Ice Age was found from Lamb’s® dust veil indices (DVI). The DVI for this period are based primarily on 
estimates of the amount of mass ejected by volcanic events. We assumed that DVI is proportional to At and found the constant of propor- 
tionality from data on both quantities for the period 1880-1915 (ref. 4). The At given in Table i for the Little Ice Age is thus only a rough 
estimate. 

ttThe values of At were derived from the sulphate concentration found in ice cores**. In deriving these values we assumed a residence time 
of 1 yr for the H SO, particles in the atmosphere, values of 30 cm yr7! and 15 cm yr for snow accumulation rates in Greenland and Antarctica, 
respectively®®*5, and the present ‘normal’ size distribution function of the stratospheric aerosols. The lower value of At in the Table is a value 
found from the sulphate concentration for the Antarctic cores, while the higher value pertains to the sulphate concentration of the Greenland 
cores. i 


of these contributions. CO, was less important than volcanic 
aerosols in causing the temperature increase from the end of the 
nineteenth century until 1940. The relative ranking of these two 
effects, however, may well reverse itself during the next several 
decades and the Earth could experience a net warming over this 
period if no other factors intervene (such as man-made dust"®). 

During the period from ~ 1450 to 1915, the Earth was 
enveloped in the ‘Little Ice Age’. Mountain glaciers and sea 
ice were more extensive than now, Northern Hemisphere 
temperatures were ~ 0.5 K colder than those for 1935-1945, 
and volcanic explosions were common®~®?, The volcanic 
activity between 1880 and 1905 shown in Fig. 1 is typical of the 
Little Ice Age in terms of number and magnitude of eruptions”. 
The results of Table | suggest that the high level of volcanic 
activity during the Little Ice Age had an important role in 
causing the low temperatures of this period. 

Ice cores from Greenland and Antarctica contain information 
on both aerosol content and temperature®*:** that allow us to 
assess the importance of volcanic activity in generating and 
sustaining the last major ice age, the Wisconsin, which occurred 


from ~ 75,000 BP to 12,000 Bp. Because the residence time of 
submicron-sized aerosols in the stratosphere is ~ | yr, aerosols 
produced by a volcanic explosion are distributed uniformly 
over at least the hemisphere of the explosion, except for a short 
period immediately following the explosion*!". Thus, aerosol- 
derived material found in ice cores provides a useful measure 
of the aerosol content of the stratosphere at the time the ice 
was layed down. Studies of the anion content of ice cores?" 
show that their sulphate content was distinctly higher than its 
present value and reached a maximum value during the 13,000- 
yr period at the end of the Wisconsin, a time when 7 had tts 
minimum value. The sulphate enhancement was significantly 
greater for the Greenland cores than for the Antarctic cores. 
Sulphate also occurs in tropospheric aerosols, so an increase 
could result from non-volcanic sources. Assuming that the 
enhancement in sulphate content is caused by volcanic aerosols, 
we obtain estimates of AT for the later part of the Wisconsin 
ice age (Table 1) and find that volcanic aerosols could have 
made a significant contribution to the observed low tempera- 
tures. 
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Table 2 Estimated effect of vehicles flying through the stratosphere 


Aerosol source Time frame At*,t ATt 
SSTs and other 1990 nominal 4.9x 10+ 5x 1073 
high-flying aircraft 1990 maxmum 8.9 x 10-+ 9x10 
2000 nominal 1.1x10— 1x107? 
2000 maximum 3.3 x10 3x107? 
Space Shuttles 1990 3.3 x10 1.5x10+ 
*The Shuttle and SST perturbations are estimates for the 


Northern Hemisphere. Southern Hemisphere values should be 3/7 as 
. SST s are responsible for 70% of the At values. 

The At values were obtained tained from estimates of the number of 
vehicles, their emission characteristics, and properties of the strato- 
sphere*:?*. 

{Temperatures (K). 


Further support for this proposition comes from the dis- 
covery™ of ~ 2,000 volcanic dust bands and ~ 25 volcanic 
ash bands in Antarctic ice cores. The small particle sizes 
(< 5pm) in the dust bands suggest that the dust originated 
from distant sources. The observed onset of sustained volcanic 
activity occurred simultaneously with observed strong cooling, 
the lowest temperature accompanied the greatest dust fall-out, 
and a cessation of dust bands and an increase in temperature 
wore contemporancous™. Finally, the average mass concen- 
tration of volcanic dust during the last part of the ice age 
implies the presence of a comparable amount of volcanic 
sulphate. This is consistent with the observed sulphate enhance- 
ment for the period. 

While volcanic activity appears to have contributed to an 
intensification of the Wisconsin ico age during its later stages, 
the available evidence suggests that it had little to do with the 
early and middle portions of this ice age. Few dust bands occur 
in the Antarctic cores™ for this period and little enhancement 
is seen in the sulphate content of the cores from both hemi- 
spheres?*, 

At times earlier than the Wisconsin ice age, there are a fow 
data that hint at a significant volcanic role in causing climatic 
change. A dramatic cooling known as the ‘90,000-yr BP’ event 
has been detected both in polar cores and in sea cores. In the 
sea cores it was closely associated with a volcanic ash layer™ 
and in the polar cores there was an order of magnitude more 
dust (not necessarily volcanic) during the event than at present". 
Finally, studies of the number of volcanic ash layers in deep-sea 
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Fig. 2 Observed Northern Hemisphere surface temperature 
changes** poms, and theoretical estimates of the temperature 
changes from observed CO, and volcanic dust variations 
(----- ). CO, alone is the solid, steadily rising curve, and volcanic 
dust alone is --~-—-. To estimate the volcanic tem 

changes we use the optical depth data in Fig 1 ave over 
10-yr penods and only consider the years 1884-1892, 1903-1904, 
1907-1908, 1912-1914 and 1963-1970 to have any volcanic dust 
present. The 10-yr eevee ne period was chosen to allow for ree- 
ponse times in the climate system. An even better fit, 
especially between 1900 and 1920, could be obtained by other 

choices of averaging period. 
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cores indicate that the worldwide level of volcanic activity 
during the Quaternary, the time of the ice ages, was much 
greater than during the previous 20 x 10% yr (ref. 32). 

In summary, volcanic aerosols seem to have made import- 
ant contributions to climatic changes in the past, but apparently 
do not offer a complete explanation of all recorded changes. 


Possible climatic impact of stratospheric flight 


In a manner analogous to our treatment of volvanically pro- 
duced stratospheric aerosols, we calculated the AT from in 
creases in stratospheric particles from SSTs and Space Shuttles 
operating at projected traffic levels for the next several decades*’’. 
The results of these calculations are given in Table 2. Again, 
an increase in aerosol population in the stratosphere leads to a 
cooling of the Earth. 

The importance of the (At, AT) values shown in Table 2 can 
be partially assessed by comparing them with Ats produced by 
volcanic eruptions and AT values associated with significant 
climatic changes. The largest At that SSTs may produce is an 
order of magnitude smaller than the Ats produced by very 
minor volcanic activity, such as the Andes eruption of 1920 
shown in Fig. 1. Thus, the contribution to the number of 
stratospheric aerosols by aircraft and rockets over the next few 
decades will be less than the contribution by random, quite 
insignificant volcanic eruptions. 

According to Table 1, past climatic changes with |AT| 
values of 4K and 0.5K characterise the difference between 
glacial and interglacial periods and between the Little Ice Age 
and the decade 1935-1945, respectively. Clearly, a cooling of the 
Earth by 4K would be disastrous for Mankind, since past ice 
ages have been characterised by huge sheets of ice covering 
almost all of Canada, most of the northern USA, and parts of 
northern and central Europe and the USSR. While it involved a 
much less dramatic change, tho climate of the Little Ice Age 
was also significantly different from that of the present century. 
For example, the precipitation pattern in a number of marginal 
agricultural areas was notably different from the current one 
and the length of the growing season at high latitudes was 
significantly shorter?*. Thus, past climatic changes of as little 
as 0.5K have had a serious practical impact. Changes of 
< 0.1 K would be less serious, however, than those that have 


` occurred over the past several decades and would even be hard 


to measure. All the computed AT values of Table 2 are below 
this bound of 0.1 K; hence we conclude tentatively that the 
aerosols produced by vehicular traffic in the stratosphere over 
the next several decades will not have serious climatic conse- 
quences. 

This conclusion can be put into some perspective by noting 
that about 70 Space Shuttle flights per day (against projections 
of < 1 per week) or 5,000 SSTs in operation (against projec- 
tions of 250-1,500) would be required to decrease the surface 
temperature by 01K. The conclusion thus reached on Space 
Shuttles is unlikely to be altered by future data, but the con- 
clusion on the effect of high-flying aircraft should be re 
evaluated as projections concerning their emission and flight 
characteristics are updated. 

Finally, we note that the presence of additional particles 
in the stratosphere will have a negligible effect on the ozone 
cycle. For example, we estimate that the fractional increase 
in the ozone destruction rate due to scattering by the added 
particles is only ~ 0.1 of the At values shown in Table 2 
(ref. 7). 
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Data now available on the risks of radiation-induced fatal 
cancer and hereditary disease and radionuclide metabolism 
suggest that limits on the rates of intake of ™Sr, *™ Ra and 
239Puy at work, presently recommended by the International 
Commission on Radiological Protection, might be in need of 
considerable revision one with another and with the limit for 
uniform exposure of the whole body. 


Discussions on this subject often centre on the values of 
maximum permissible body burden (MPBB) recommended by 
the International Commission on Radiological Protection 
(ICRP)'. For example, Spiers and Vaughan? considered the risk 
of osteosarcoma, cancer of the air sinuses and leukaemia arising 
from ***Ra and 7°°Pu in the skeleton, and they concluded that 
the currently recommended values of MPBB for these radio- 
nuclides do not need major revision. As Spiers and Vaughan? 
acknowledged, however, the recommendations of ICRP limit 
the rate of intake of radioactive materials into the body so that 
the MPBB for a well retained, long lived radionuclide will not 
be reached until the end of a working lifetime of 50 yr. In such 
circumstances, MPBB might be regarded more as an index by 
which to judge whether an individual has been overexposed, 
than as a quantity useful in planning for work with the radio- 
nuclide concerned. For this latter purpose, the corresponding 
maximum permissible annual intake (MPAD) is more pertinent. 
Values of MPAI may be obtained from the values of maximum 
permissible concentration in air or water (MPC) recommended 
by the Commission’. It is worth noting that, even if there were 
no debate about the relationship between risk of an effect and 
dose, there might now be a need to revise values of MPAI 
because of the data on the uptake and retention of radio- 
nuclides in body tissues which have become available since the 
recommendations were made. 

The recommended values of MPAI for each radionuclide are 
different for soluble and insoluble compounds and for inhalation 
and ingestion. Using methods similar to those described in the 
MRC report on the toxicity of plutonium’, we have estimated 
by way of example, the total risk of fatal cancer and serious 
hereditary disease arising from currently recommended values 
of MPAT for ingested soluble Sr and ?%Ra and inhaled 
insoluble *°°Pu. We show that in these three cases the values of 
MPAI may be in need of considerable revision. 


Relationships between risk and dose 


Data on the risk of radiation-induced fatal cancer and 
hereditary disease have been reviewed by a United Nations 
Scientific Committee on the Effects of Atomic Radiation 
(UNSCEAR)! and a National Academy of Sciences Advisory 
Committee on the Biological Effects of Ionizing Radiations 
(BEIR)*. Both reports adopt the hypothesis that the risk of an 


effect is linearly related to dose. We have used the information 
in these reports to obtain the values discussed below and 
because they are based on a hypothesis which cannot yet be 
proved at the low doses concerned in radiological protection, 
they must be regarded as ‘nominal’ risks. 

Leukaemia. Epidemiological studies on the survivors of the 
A-bomb explosions at Hiroshima and Nagasaki show an 
increasing leukaemia incidence with increasing dose. From the 
BEIR report®, the estimated incidence is 20-50 cases per 10° 
people exposed to 1 rad (20-50/10*/rad), in good agreement 
with the UNSCEAR estimate* of 15-40 cases/10°/rad and the 
estimate of Smith and Doll? of about 20/10*/rad. We have 
chosen a value of 30/108/rad for radiation of low linear energy 
transfer (LET). 

Breast cancer. Data on breast cancer incidence m women 
survivors of the A-bombs and in tuberculosis patients subjected 
to multiple X-ray fluoroscopies show an incidence rate of 
between 3 cases/10*/yr/rad (UNSCEAR) and 6 cases/10®/yr/rad 
(BEIR). We have assumed a 20-yr period of increased incidence 
to yield a morbidity of about 90 cases/{0°/rad. Since the 4-yr 
survival of patients treated for breast cancer is about 50%, 
(ref. 4) we have chosen a rounded value for the incidence of 
fatal breast cancer in females of 50/10°/rad of low LET radiation. 
Lung cancer. The UNSCEAR report gives an estimate of 
10-40 cases/10°/rad of high dose rate y radiation from A-bombs 
during the first 25 yr after exposure. This is in good agreement 
with the value in the BEIR report of 0.9 cases/10*/yr/rem 
obtained from groups exposed to A-bomb radiations and to 
X rays in the treatment of ankylosing spondylitis. The value 
given in the BEIR report for exposure of the respiratory 
system to a rays from radon is 11.2 cases/{O0*/yr/rad for a 
follow-up period of about 25 yr. Using a value of 20 for the 
quality factor for a rays (vide infra) this corresponds to a total 
risk of about 14 cases/10°/rad of low LET radiation. Based on 
these two sets of data we have used a value of 20/10*%/rad for 
low LET radiation. 

Thyroid cancer. The UNSCEAR report estimates the incidence 
rate for thyroid cancer in adults to be in the range of 1 to 4 
cases/10°/yr/rad and the BEIR report does not give a numerical 
estimate. We have assumed a value of 2.5 cases/10*/vr/rad and 
a 20-yr period of increased incidence, to give a total morbidity 
of 50 cases/10*/rad. The 5-yr survival from thyroid cancer, 
however, is about 80° (ref. 4) and we have chosen a value 
10/10%/rad of low LET radiations for the risk of radiation- 
induced fatal thyroid cancer. 

Osteosarcoma. There is little information on the induction of 
osteosarcoma by external radiation. From data on patients 
treated with X rays for ankylosing spondylitis, the BEIR report 
gives an estimate of 0.034-0.22 cases/10°/yr/rad average dose to 
bone over a follow-up period of 5-27 yr. The BEIR report also 
gives an estimate of 0.11 cases/10*/yr/rem average dose to bone 
for persons contaminated with ?**Ra. This value is based on a 
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quality factor of 10 for a particles and a follow-up period of 
49 yr. It is, therefore, approximately equivalent to a risk of 
110 cases/10°%/a rad to cells on the endosteal surface of bone 
which receive about half the average dose in bone. This is in 
good agreement with the estimate by Spiers and Vaughan? of 
95 cases/10°/a rad to the endosteum. We have, therefore, taken 
a risk estimate of 100/10°/rad to the endosteum for high LET 
radiation and 5/10*/rad for low LET radiation, the latter being 
consistent with data from the BEIR report and the quality 
factor of 20 for a particles (vide infra). 

Air-sinus carcinoma. In persons contaminated with ***Ra the 
risk of air-sinus carcinoma induction is about 40% of that of 
osteosarcoma’, however, no such cancers have been induced in 
patients treated with ?*Ra (ref. 5). These data suggest that the 
air-sinus carcinomas arising in persons contaminated with 
226Ra are a result of irradiation of the air-sinus epithelium by 
222R ny and its short lived radioactive daughters trapped in the air 
cavities of the sinuses’. Therefore, we have assumed the risk of 
air-sinus cancer to be zero in persons exposed to *’Sr and *°°Pu 
and to be 40°% of the risk of osteosarcoma in persons exposed 
to Ra (compare Table 3). 

Other cancers. In the A-bomb survivors, an excess of cancers 
other than those listed here has been observed. This excess is 
not sufficient, however, to break down into specific categories. 
The estimate for these ‘other’ cancers by UNSCEAR was about 
40 cases/10*/rad during the 25 yr after exposure and by BEIR 
about 2.0/108/yr/rem. We have used a value 40/10%/rad of low 
LET radiation for the combined total of all ‘other’ fatal cancers. 
In the case of inhaled insoluble ?°*Pu, the only ‘other’ tissue 
irradiated to any significant extent is the liver. For this organ 
we have used a risk estimate of 10/10*/rad of low LET radiation, 
derived from the MRC report® when allowance is made for the 
different values of the quality factor used here and by MRC. 
Serious hereditary disease. The risk of genetic effects from 
irradiation of the gonads is particularly difficult to estimate. 
Both the BEIR and UNSCEAR reports considered that the 
risk from irradiating oocytes is considerably less than that from 
irradiating spermatagonia. UNSCEAR derives a best value of 
20 cases of serious hereditary disease per 10° in the immediate 
descendants of a male parent exposed to 1 rad of low LET 
radiation at low dose rate. Comparable estimates in the BEIR 
report for 1 rem to both parents, were 10-100 cases/10* in the 
first generation and 50-500 at equilibrium. BEIR also estimated 
the increase in congenital anomalies, anomalies expressed later 
and constitutional and degenerative diseases after both parents 
had received 1 rem, to be 1-100 cases/10° in the first generation 
and 10-1,000/10° at equilibrium. For workers exposed to 
radiation, the relevant risk is probably that of serious hereditary 
disease in their immediate descendants and for this we have 
chosen a value of 50 cases/10® for a worker receiving | rad of 
low LET radiation. The appropriate value for irradiation of the 
general population, if evaluated over many generations, would 
be greater, and greater still if diseases of less severity were taken 
into account, 





Table 1 ‘Nominal’ risk of fatal cancer and serious hereditary disease 
per unit dose 





Cases/10*/rem 
Male Female 
Effect Tissue at risk workers workers 

Leukaemia Red bone marrow 30 30 

Breast cancer Female breast e 50 
Lung cancer Lung 20 2 

Thyroid cancer Thyroid 10 10 

Osteosarcoma Cells on endosteal surfaces 5 5 

Liver cancer Liver 10 10 

Other cancers All other tissues 30 30 

Hereditary disease Gonads 50 50 

Total Whole body 155 205 
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The various risk estimates discussed above are summarised 
in Table 1 and are given per rem. In the calculations of dose 
equivalent discussed below it will be assumed that a quality 
factor (Q) of unity applies for low LET radiations and 20 for 
a particles as recommended". The value of 20 for a particles is 
supported by cytogenetic work with °*°Pu (ref. 9) and experi- 
ments on chromosome damage in liver cells with low dose rate 
radiation’®, A value of 20 is also compatible with the data on 
osteosarcoma induction mentioned above. ICRP used a value 
of 10 in its 1959 recommendations', as did the MRC?, 


Dose commitment per unit 
activity taken into the body 


Since it is assumed that risk of an effect is linearly related to 
dose, risk in any organ or tissue from intake of radionuclide is 
proportional to the resulting average total dose received by that 
tissue (the dose commitment) before induction of the effect. 
The tissues considered to be at risk are shown in Table 1. Their 
masses have been taken from the data given by ICRP for 
Reference Man, Metabolic models for the three radionuclides 
under discussion have been proposed in the reports of two 
ICRP Task Groups!??3, 

For inhaled insoluble ?*”Pu we have used the lung model 
proposed in ref, 12 to calculate the dose commitment in lung 
(comprising the trachea, bronchi, pulmonary region and 
associated lymph nodes) and the fractions of ***Pu transferred 
to the gut and the blood. We have assumed the inhaled particles 
to have an activity median aerodynamic diameter (AMAD) of 
] um, however, differences in particle size within the range 
likely to be encountered in practice will not markedly affect the 
results?. The dose to the walls of the gut is small compared with 
that in other tissues because of the limited range of the a particles 
and the position of sensitive cells*. Of ?°°Pu entering the blood, 
a fraction (0.45), is assumed to reach both bone and liver and 
be retained with half lives of 100 and 40 yr respectively’’. 
From data of Richmond and Thomas" we have estimated that 
of 2°°Pu entering blood 107°° is deposited per g of testes or 
ovaries and remains there indefinitely", and from experimental 
work in our unit, the dose to the spermatogonial stem cells is 
taken to be 2.5 times the average dose in the testes'®. Our 
experimental work on female mice so far has not suggested 
that the dose to maturing oocytes is very different from the 
average in the ovary. 

Average doses to cells on endosteal surfaces (taken to lie 
within 10 um of the bone surface) and to haematopoietic bone 
marrow have been calculated for **°Pu and Ra using the 
Monte Carlo techniques described by Thorne. ***Pu was 
assumed to be distributed uniformly in a thin layer over all 
endosteal surfaces and ***Ra in the volume of mineral bone 
(details of these calculations will be published elsewhere). 
Doses to the endosteum and red bone marrow from Sr have 
been calculated using the data of Whitwell and Spiers”. 

For ingested soluble Sr and Ra, the fractional absorption 
from the gut has been taken as 0.3 and 0.2 respectively'®. The 
value for Sr is a compromise between the value 0.2 given in 
ref. 13 and the mean value 0.38 given in ref. 11. Values for the 
time integral of activity of °Sr and Ra in trabecular and 
compact bone and in the soft tissue of the body have been 
derived using data in ref. 13. %Sr is assumed to be in equilibrium 
with its short lived daughter °°Y in all organs and tissues of the 
body at all times after ingestion. All ?22Rn produced from ?*Ra 
in the soft tissues of the body is assumed to escape from the 
body before it decays. Of Rn produced in bone, 30% is 
assumed to remain at its production site, where it gives up the 
a energy of all its daughters except that of 2!°Po, which follows 
the long lived *"Pb. The remaining 70% is assumed to escape 
from the body without imparting any energy to tissues’. For 
both ingested soluble ®Sr and 22*Ra, the dose to the gut is very 
much smaller than that to the other organs and tissues shown 
in Table 2 and it has been neglected. 

Values are given in Table 2 for the dose commitments in 
various organs and tissues of the body from ingestion of 1 pCi 
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Tabi 2 Doss comnutmeni in vari i Sea aT kr e 
from ingestion of I pCi of soluble * r and inhalation of | uC 
of insoluble **Pu 


Dose commitment (rem pCi~) 


Ingested a Inhaled 
Tissue at risk eRe r a Pir 
Red bone marrow 2 0.7 300 
Female breast 0 4* 0.005* — 
0.4 0.005 1200 
R p 0.4 0.005 — 
on endosteal surfaces 20 0.9 3700 
Liver 0.4* 0.005* 760 
All other tissues 0.4 0.005 — 
Gonads: Male 0.4 0.005 38 
Female 0.4 0.005 15 





* Sr and Ra are assumed to be uniformly distributed in soft 
tissues t”, 


of soluble °™Ra and “Sr and from inhalation of 1 pCi of 
insoluble **Pu. For the gonads, dose has been integrated over 
an assumed reproductive life of 20 yr and for other tissues, 
over a working life of 50 yr. These dose commitments therefore 
only apply to intakes which occur early in the working life. 


Risk per unit activity taken into the body 

Values of the ‘nominal’ risk per unit intake of the radionuclides 
were derived from the data in Tables 1 and 2 and are shown in 
Table 3. The risk estimates apply to intakes early in life and are 
overestimates of the true risk, in the sense that some cancers 
induced late in life will not be recognised because of their latent 
periods. Several aspects of the msks shown in Table 3 are worth 
noting. 

(1) For *Ra a risk of leukaemia, about half that of osteo- 
sarcoma, seems at variance with human experience: in people 
containing the radionuclide, the incidence of leukaemia has 
been about ten times lower than that of osteosarcoma’. 
A plausible explanation for this disparity might be that the use 
of an arbitarily defined quality factor of 20 for a particles® 
overestimates the risk of leukaemia relative to that of osteo- 
sarcoma. An alternative explanation concerns the distribution 
of cells sensitive to leukaemia induction within red bone marrow 
and the relationship between risk of an effect and dose for those 
cells. Cells in marrow at distances greater than the range of 
a particles (about 40 um) from bone receive no dose from 
a particles arising in bone and cells nearer to bone receive 
increasing doses the nearer they are. Our estimates of the risk 
of leukaemia have been obtained from the estimated average 
dose in marrow and the observed risk of leukaemia per unit 
dose to the marrow of people who were uniformly irradiated 
cither with A-bomb radiations or X rays. Therefore, our 
estimates will be in error if the sensitive cells are not uniformly 
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distributed in the marrow or if the dose-response relationship 
is not linear over the range of doses concerned. With regard to 
the latter, the lifetime doses to marrow which are of interest in 
radiological protection are within the range from which risk 
estimates were obtained‘:*. It is possible, however, that the 
assumption of linearity overstates the risk at low dose rates. 
Conversely, if a significant proportion of sensitive cells lie near 
to bone, we might have underestimated the risk of leukaemia 
because such cells receive doses much greater than the average 
in the marrow. We have experimental evidence that the 
incidence of myeloid leukaemia in mice reaches a maximum 
value at average doses in marrow of about 200-300 rad of X rays 
(I. Major and R. H. Mole, personal communication) pre- 
sumably because at greater doses, the sterilisation of trans- 
formed cells exceeds their production. Smith and Doll® have 
also drawn attention to this breakdown of the linear dose- 
response hypothesis to explain the absence of leukaemia in 
women treated for cancer of the cervix who received very large 
doses to small volumes of marrow?*, In the radium cases 
exhibiting osteosarcoma’, marrow cells near to bone received 
very large doses. If a significant proportion of marrow cells 
sensitive to leukaemia induction are near to bone, this might 
explain the low incidence of leukaemia observed. By contrast, it 
is interesting that osteosarcoma incidence in these radium cases 
was increasing at a-particle doses to cells within 10 um of 
endosteal surfaces of 500 rad (10,000 rem) or more’*. Clearly, 
more information is required about the distribution of the cells 
which are sensitive to induction of both osteosarcoma and 
leukaemia. 

(2) For Ra the predicted risk of hereditary disease is about 
8% of the total risk, corresponding values for *Sr and **Pu 
are 1 and 2% respectively. These percentages would increase 
for populations exposed to the radionuclides for long periods. 

(3) The risk of leukaemia predominates for ™Sr. The relative 
risk of leukaemia to osteosarcoma for both Sr and *™Pu is 
much greater than would be expected from experiments on 
animals. Most of these experiments have, however, been 
conducted in ways which might not have favoured the incidence 
of myeloid leukaemia as discussed in (1) above. 

(4) Although all three radionuclides are commonly referred to 
as ‘‘bone-seekers”, these predictions show that risk arises 
mainly from irradiation of the skeleton and its marrow only in 
the case of ingested *Sr (98 °% of the total); for ingested *™*Ra, 
the risk from irradiating the skeleton is about 65% and for 
inhaled **Pu, about 45% of the total. In the last case, about 
40% of the risk arises from irradiation of the lung. 

_ We acknowledge that the estimates of ‘nominal’ risk we have 
made are open to criticism and that the data on which they are 
based have been interpreted in different ways (see, for example, 
ref. 20). There is also considerable uncertainty concerning 
estimates of dose and the relevant tissues at risk. Nevertheless, 
the estimates of ‘nominal’ risk (Table 3) were derived from the 
most recent data in official reports and' it is interesting to 





Table 3 ‘Nominal’ risk per unit activity of soluble ?*Ra and Sr ingested and insoluble 73%Pu inhaled, for male and female workers 


Effect Ingested **¥Ra 
FW 
Leukaemia 60 60 
Breast cancer — 20 
cancer 8 8 
Thyroid cancer 4 4 
Osteosarcoma 140* 140* 
Liver 4 4 
Other cancers 12 12 
Hereditary disease 20 20 
Total 248 268 


Cases /10*/Ci 
Ingested "Sr Inhaled **Pu 
MW FW MW FW 
21.00 21.00 9,000 9,000 
— 0.25 as es 
0.10 0.10 24,000 24,000 
0.05 0.05 — — 
4.5 4.5 18,500 18,500 
0.05 0.05 7,600 7,600 
0.15 0.15 — — 
0.25 0.25 1,900 750 
26.1 26.35 61,000 59,850 


* Increased from 100 to 140 to allow for the risk of air-sinus carcinoma in persons exposed to "Ra. 


MW, Male workers; FW, female workers. 
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Table 4 Annual limits on exposure recommended by ICRP; the resulting values of MABB after exposure for 50 yr and the risk from | yr of 
practice exposed to the limits 





Exposure Annual limit 
Ingested soluble Ra 0.08 pCi 
Ingested soluble Sr 0.8 pCi 
Inhaled insoluble ?°*Pu 0.07 pCi 
Irradiation of whole body 5 rem 


MABB ‘Nominal’ risk 
(pCi) (cases per 10,000 per year) 
0.005 0.2 
0.37 0.2 
0.16 40 


9 





consider the consequences of applying these estimates to current 
recommendations of the ICRP. 


Body burdens and risk from 


the MPAIs recommended by the ICRP 


The values of MPAI recommended at present by the ICRP for 
the radionuclides under discussion are shown in Table 4. They 
were obtained directly from the values of MPC recommended 
by ICRP, assuming that a Reference Man“ takes in 2,200 cm? 
of water and inhales 2 x 107 cm? of air each day. Table 4 shows 
the maximum achievable body burden (MABB) which such a 
man could attain at the end of 50 yr if he were exposed to the 
MPAI each year for that period. The values for Sr and *°*Ra 
of 0.37 and 0.005 Ci respectively have been obtained using 
the data given in ref. 13. About 90 and 80° of the Sr and 
226Ra respectively, would be in bone and the remainder in soft 
tissues, These values of MABB are about 5 and 20 times less 
than those of MPBB recommended at present', namely 2 and 
0.1 pCi for Sr and Ra respectively, of which 99%, was 
assumed to be in bone. Values of MPC, and therefore of MPAL, 
were calculated to result in values of MPBB after a 50-yr 
exposure and the ratio of the presently estimated values of 
MABB to the recommended values of MPBB demonstrates the 
effect of using the new metabolic data now available’. No 
value of MPBB was given by ICRP? for inhaled insoluble ?°°Pu, 
its intake being limited by the dose in lung. The value of MABB 
shown in Table 4 (0.16 wCi) was derived using the data from 
ref. 12. About 40° of this MABB will be in bone, about 30% 
each in liver and lung and only a small percentage in other soft 
tissues, including the gonads. The value of MPBB commonly 
used for ?5°Pu (0.04 Ci) was derived by assuming that 90% of 
the activity would be in bone and is four times smaller than the 
value of MABB calculated here. 

The average ‘nominal’ risks for men and women arising from 
the MPAIs are also shown in Table 4 and, for comparison, that 
arising from the dose limit of 5 rem to the whole body”? 
recommended at present, assuming a ‘nominal’ risk of 180 cases 
per 10° per rem, which is a representative value for men and 
women (Table 1). Since it is reasonable to expect that the risk 
from exposure to each of the various limits should be the same, 
the three values of MPAI and the dose limit for whole-body 
exposure are clearly in need of revision one with another. 
If it were agreed that the risk from exposure of the whole body 


to 5 rem each year is acceptable to workers, then the MPAI for 
inhaled insoluble **°Pu would have to be revised down by a 
factor of about five and those of °Sr and Ra both revised 
up by a factor of about 50. The ICRP is at present revising its 
recommendations and will no doubt ensure that the hazards 
from occupational exposure will not exceed those that are 
accepted in most other industrial or scientific occupations with 
a high standard of safety (para. 47 of ref. 21). In this respect, 
the MRC report?, quoting a paper by Pochin**, compared the 
risk from an MPAI with the average risk of fatalities in other 
kinds of work for which there seems to be a dividing line at 
1 in 10,000 per year between the relatively safe and less safe 
industries. Comparisons of this kind need to take account of 
many social and economic factors, discussion of which is 
outside the scope of this paper. Whatever may be the outcome 
of discussions on these matters, however, it seems likely that 
many values of MPAI will need to be revised, not always in the 
same direction, because of new data on the fate of radioactive 
materials after they have entered the body. 
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Darwin’s finches and the evolution of 
sexual dimorphism in body size 
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A simple model based on certain bioenergetic 
phenomena accounts for seasonal patterns of sexual 
dimorphism, size related changes in the timing of 
reproduction and geographic variation in body size of 
Darwin’s finches. 





SEXUAL dimorphism in size influences the biology of birds in 
many ways; for example, differences in beak size determine the 
size and kind of food that a bird can capture and ingest *. 
Consequently, monogamous pairs that differ in size may increase 
the rate at which they feed their nestlings, since the adults do 
not compete for the same food items!-?. Interspecific aggression‘ 
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or’ intraspecific aggressive conflicts between males, where 
increased size could influence the outcome, may account for the 
general avian condition that males are the larger sex’. In 
addition, sexual differences in size may facilitate pair forma- 
tion®*. 

Many observations indicate that sexual dimorphism in body 
sizo may be subject to another equally broad explanation. 
First, among monomorphic species, sexual differences in 
behaviour result in each sex foraging on different things in 
different places’ 1". Second, full adult size is generally achieved 
at fledging, and certainly before first reproduction, so increased 
male size in polygynous species may reduce the risks associated 
with delayed sexual maturation in males. Third, sexually 
dimorphic species in which the female is the larger sex require 
special explanations!*—4. Finally, since beak and body size are 
correlated, dietary differences associated with beak size may be 
an inevitable consequence of the advantages associated with 
size alone. 

Here I examine the proposition that sexual dimorphism in 
_ body size influences the timing of reproduction in fluctuating 
and seasonal environments. Evidence favouring the hypothesis 
is drawn from general studies on the energetic consequences of 
differences in body size, Lack’s studies on morphological 
variation in Darwin’s finches, and from my own studies of the 
reproductive biology of Geospiza conirostris and G. fuliginosa, 
two seed-cating finches that inhabit Española, the southernmost 
of the Galdpagos Islands. 


The influence of body size l 
Body size (weight) influences the rate at which birds use energy. 
Resting metabolism, the energetic costs of flight’, and existence 
metabolism!’ bear an exponential relationship to body weight 
as do egg weight!®, heart rate and conductance’. In general, the 
exponent of these relationships is less than 1.0. In contrast, 
functions describing the storage capacity or energy reserves of a 
bird, for example, digestive capacity, and lipid reserves™,—bear 
a nearly linear relationship to body weight. These different 
relationships affect the ability of a bird to respond to periods of 
deprivation and surfeit. 

Consider two birds differing only in weight that are subjected 
to a physiological stress such as fasting or water deprivation after 
having been maintained on an ad libitum diet. To withstand 
this period of stress, they draw on stored reserves. The rate at 
which the larger (RL) or the smaller (Rx) individual uses energy 
is dependent on body weight and can be expressed as follows 


RL = aW,’ 
and Rı = aW,’ 


where W, and W, are the weights of the larger and smaller 
individuals. Since a and b are constants, R, is always grenier 
than Rı. 

How long (Tı, Ts) each individual persists, depends on the 
size of its reserve (cW’,‘ and cW,") and the rate at which 
energy is used 


and Ts = cW,4/Rs = - W,’ 


where c and d are constants. As long as d is greater than b, 
T, will be greater than 7, and the larger individual will persist 
longer than the smaller. It also follows, that when confronted 
with a surfeit of resources, the smaller individual can replenish 
its reserves faster than the larger (Ry > Rg), provided that size 
does not influence the efficiency of uptake in any disproportionate 
way. 

This analysis of the consequences of differences in body size 
is inherent in explanations of geographical variation ın size of 
Atlantic salmon (Salmo salar)™, cricket frogs (Acris crepitans)™, 
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Fig 1 of culmen length and island size for populations 
of (a) peerage and (b) Certhidea olivacea. Culmen length 


data are taken from Lack™; d sizes are given by a 
_ a, Rg —0.55, P < 0.05, n = 15; b, Rg = —0.44, P < 0.05, 
A= 16. 


wood rats (Neotoma sp.)**, and has been expanded in detail 
for birds by Calder’®. 

In fluctuating environments, consequences of differences in 
body sizo may become important. Among temperate species, 
periods of inclement weather alter foraging behaviour*’, and 
severe weather conditions can alter the survivorship of con- 
specifics that differ in body size***. 


Darwin’s finches and the Galapagos 

The lowlands of the Galapagos Islands are dry, hostile places, 
but on the larger islands these ‘arid zone’ forests give way to 
more mesic environments at higher elevations™ and on these 
islands, Darwin’s finches migrate from the arid coast to the 
highlands during periods of drought™:*’. On smaller, low lying 
islands, migration may be useless since the entire island may 
be covered with arid zone vegetation, so the finches are more 
likely to be subjected to periodic stress than would conspecific 
populations on larger islands. It follows from the analyses of the 
consequences of body size that finches on small islands should 
be larger than conspecifics on large islands. 

Geospiza fuliginosa, the smallest of the seed-cating Geo- 
8pizinae, occurs on many islands in the Galápagos, as does 
Certhidea olivacea the smallest insectivorous finch in the 
archipelago*®’’**. In both cases, the birds on small arid islands 
tend to’ be larger than their conspecifics on larger islands 
(Fig. 1). Although this trend is consistent with the conclusion 
that increased size provides some resistance to environmental 
change, it is also consistent with the idea that size is determined 
by diet?, since both seeds™ and insects™ are likely to be larger 
in more arid environments. The size and frequency distributions 
of seeds and insects on islands in the Galapagos are not known, 
but the effects of differences in prey size and climatic variability 
are complementary, in that both would select for larger size 
on smaller islands. 


Body size and timing of reproduction 

The reproductive patterns and life histories of vertebrates are 
also influenced by differences in body size. Large species generally 
mature slowly, produce small clutches, and are long lived, 
whereas smaller species mature more rapidly, produce larger’ 
clutches and are shorter lived?!. The possibility that differences 
in body size would influence the timing of reproduction in 
seasonal environments has not been investigated. 

Consider two species, with similar ecologies and competitive 
abilities, that differ in body size. On the assumptions that 
reproduction is initiated by a variable environmental! cue and 
that the energy for egg production is derived from currently 
available food supplies rather than from ‘stored reserves, it 
follows that females of the smaller species are likely to 
accumulate the necessary energy for egg production sooner than 
those of the larger species because they have a reduced mainten- 
ance cost. The smaller species should, therefore, breed earlier 
than the larger species (Fig. 2a). 
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Fig 2 A graphic model for size-dependent changes in the timing 
of reproduction. Sm, Smaller species; Lg, larger species. See text 
for discussion. 


If clutch size is similar for both species, then the larger species 
will require more food to support its young, since they are 
larger; and if the breeding season is terminated by a decline in 
available food, the breeding season of the larger species will end 
before that of the smaller. A major effect of size will thus be 
to shorten the breeding season for the larger species (Fig. 2a). 

The differences in length of the breeding season for species of 
different sizes will alter the observed patterns of reproduction at 
the population level (Fig. 2b and c). Presume first that a few 
individuals are breeding throughout the year. When a breeding 
season starts, the establishment of new nests and production 
of new clutches will shift the relative proportions of nests with 
eggs away from 50% (Fig. 2c). The deviation of the population 
towards a surplus of nests with eggs will be countered as soon as 
the first eggs hatch. The same pattern will occur for the larger 
species, except that it will occur later. There is thus a period when 
the smaller species is in the incubation phase (more than half 
the nests have eggs) of a nesting cycle and the larger species is 
not (4 in Fig. 2c). Since the larger species nested later, its 
population will seem to remain in incubation phase longer than 
the smaller species (B in Fig. 2c), As the end of the breeding 
season approaches, the larger species ceases establishing nests, 





Table 1 The relative numbers of different kinds of seeds recovered 
from nestling G. conirostris and G. fuliginosa 





Source Seed volume Percentage occurrence 


(mm?) G. conirostris G. fuliginosa 
Seeds smaller than 
P. hirticule 0.50 0.029 0.6 
0.13 +.0.002 1.6 
Panicum hirticule 0.69 93.6 86.5 
Seeds larger than 
P. hirticule 1.10+-0.012 5.6 
1.06 -+-0.005 II.7 
Total number of seeds recovered 5,170 8,262 
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its breeding population is at a maximum level (Fig. 2b) and 
shifts into a nestling phase (nestlings present in more than half 
the nests) before the population of the smaller species does so 
(C in Fig. 2c). Since the smaller species can establish nests until 
somewhat later, it will not achieve maximum densities until 
then (Fig. 25), and so it enters the nestling phase (D in Fig. 2c) 
later than the larger species. 

My studies of the reproductive biology of two species of 
Darwin’s finches, Geospiza fuliginosa and G. conirostris, provide 
a direct test of the foregoing model. 


Darwin’s finches on Española 

I visited Espanola in July 1972 and again in January and Febru- 
ary 1973. On both occasions Į netted, weighed, measured and 
banded birds in the vicinity of Punta Suárez and searched that 
area for active nests (unpublished). Some birds were breeding 
during my first visit, but most breed during the rainy season 
(January~March)**. During my second visit, | collected crop 
samples from nestlings of both species. On Española, individual 
Geospiza fuliginosa weigh 14-16 g; whereas individual G. 
conirostris weighed from 25 to 39 g. Although these birds 
differed in body size, their breeding biologies were remarkably 
similar: both commonly incubated clutches of three eggs 
(range 1-5) and required about 30 d to complete a clutch and 
fledge their young; and both showed similar preferences for 
nest sites (my unpublished results) and the diets of their 
nestlings were also similar. 

The diets of nestling G. conirostris contained 17°4 seeds with 
the remainder being composed of a variety of invertebrates. 
G. fuliginosa nestlings received a diet composed of 35% seeds. 
Both species fed the same kinds of seeds to their nestlings 
(Table 1). Of the over 5,000 seeds recovered from nestling G. 
conirostris, 95°, by count and 88° by volume were of one 
species of grass, Panicum hirticule. This species also accounted 
for more than 86° of the > 8,000 seeds recovered from G. 


fuliginosa young, and made up more than 80°% of the volume of 


seeds in those samples. Thus, for both finches, the same grass 
species accounted for 80-90%% of seed material that they fed 
to their nestlings. 

Lepidoptera larvae of various sizes made up over 96% of the 


Fig. 3 Frequency distribution for the sizes of lepidoptera larvae 
recovered from nestling Geospiza fuliginosa and G. conirostris in 
February 1973, Total no. of larvae: G. fuliginosa, 838; G, conires- 
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Table 2 Temporal changes in the diets of nestling Geospiza conirostris and G. fuliginosa 


Nestling weights 

Sample size (g) | 

Date con. ful. con. fil. 
Feb. 15, 16 5 35 21.2 12.97 
(1.53) (0.26) 

17, 18 26 19 22.2 12.5 
5 (0.93) (0.35) 

19, 20 18 15 22.1 13.3 
(0.41) (0.41) 

21, 22 7 © 2l 22.1 13.4 
| (0.71) (0.28) 

23, 24 10 20 24.3 12.8 
(0.70) (0.33) 
25, 26 8 13 24.4 12.6} 
(0.60) (0.92) 

27, 28 — 8 oo 13.7 
(0.62) 

Mar. 1, 2 5 9 18.8 12.3 
(2.17) (0.94) 
Rank correlations with date — 0.22 —0.12 





pa arrymaarmirimmmmim rd Daada craton 





Samples (%) 
Animal matter in with large larvae with small larvae 


diet (vol %) (> 20mm) (20 mm) — 
con. ul, con, only con. ful. 
95 73 80 20 82 
91 75 50 42 85 
72 62 56 6] gi 
76 61 14 43 95 
85 58 30 80 85 
71 63 25 68 92 
— 62 — — BE 
46 60 0 80 100 
—0.86§ —Q,60 —~Q.86§ 0.908 0.738 


evan TET OEE NEENA ENE EAER a nannaa 


* n = 25; f n = l4; ta == 7; §P<0,05;9P<0.01 


volume of invertebrates recovered from nestling G. conirostris, 
and 76% in the diets of G. fuliginosa young (Fig. 3). Small larvae 
were present in the diets of both species, but large larvae were 
more common in the diets of G. conirostris (t = 4.04, P < 0.001). 
Over 30% of the larvae recovered from G. conirostris nestlings 
were 20 mm long or longer, whereas larvae of this size accounted 
for less than 3 % of the larvae in the diet of G. fuliginosa nestlings. 
In total, larvae of lepidoptera and the seeds of P. hirticule alone 
accounted for 96% and 80% (by volume) of the food items that 
G. conirostris and G. fuliginosa fed to their young. 

Nestling diets changed during the course of my study (Table 
2). Small larvae (< 20 mm in length) always composed 80% or 
more of the larvae recovered from nestling G, fuliginosa during 
the period February 15 to March 2; whereas, large larvae 
(> 20 mm) became an increasingly rare dietary item for nestling 
G. conirostris and small larvae became more common. This 
change influenced the overall dietary balance for nestling G. 
conirostris. In mid-February, diets of nestling G. conirostris 
contained 94°% animal matter (by volume) whereas by March 2, 


100. 3% 


Fig. 4 Temporal changes in the 
percentage of nests with eggs for 
Geospiza fuliginosa ($e) and G. 
conirostris (@). An arrow indi- 
cates a significant departure from 
a iI ratio. A double-headed 
arrow indicates that there are 
differences between the two 
species as well. The data are 
summarised at 2-d intervals 
beginning on January 22 and 
ending on March 2, 1973. 
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animal matter accounted for less than 50°% of their diet. Thus, 
the diets of nestling G. conirostris showed a progressive deterior- 
ation late in the study, a change that was independent of nestling 
weight, and not observed in the diets of nestling G. fuliginosa 
(Table 2). These findings are not inconsistent with the assurnp- 
tions and expectations of the model. The species are similar in a 
variety of ways, and changes in the nestling diets occur first in 
the larger species. The temporal patterns of reproduction for 
both species are also instructive. 

It is likely that some breeding occurs throughout the year for 
both of these species (D. Werner and P. Kramer, persona! 
communication). When I visited Espafiola in January and began 
to follow the course of activities at various nests, neither species 
had as yet entered the incubation phase of the breeding cycle 
(Fig. 4). The G. fuliginosa population entered the meubation 
phase in interval 4 and that population was dominated by nests 
with eggs until interval 10. The incubation phase began later for 
G. conirostris (interval 8) and a significant majority of nests had 
eggs until interval 12. Thus, the incubation phase began earlier 
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and terminated earlier for G. fuliginosa, the smaller species, than 
it did for G. conirostris (compare with Fig. 2c). Exactly the 
reverse pattern occurred for the onset of the nestling phase. The 
nestling phase for G. conirostris began in interval 16, whereas 
for G. fuliginosa it was delayed until interval 18 (again compare 
with Fig. 2c). Finally, as expected from the model (Fig. 25), 
G. conirostris had completed a maximum number of nests 
(interval 8) before G. fuliginosa (interval 14). In short, the 
observed nesting pattern in both species is identical to that 
expected from the model and suggests that the larger species, 
G. conirostris, does, indeed have a shorter breeding season than 
its smaller counterpart. 


Seasonal sexual dimorphism 

in Geospiza conirostris 

The analysis initially considered comparisons between species 
because size-related differences in their biology are more easily 
detected, but the model applies with equal force to individuals 
of the same species but different size. 

During a major breeding season, all females are likely to 
breed, and so it would be difficult to determine if smaller females 
of the same species were breeding earlier, later, or were more 
likely to renest. If a short breeding season occurs, however, then 
females of small size may breed when the large ones do not. 

The Galapagos are affected by the el nifo phenomenon’. 
This event, which is tied to movements of ocean currents, has 
the effect of producing wet season (December—March) rains 
during the dry season (June-August) and thereby creating con- 
ditions similar to those in the breeding season. My first visit to 
Española occurred during an el niño year, therefore a compari- 
son of the size of the birds breeding in July with those breeding 
in January provides a further test of the model. 

In July 1972, I netted 225 G. conirostris; of which 17 were 
females with brood patches, and 14 were males in all-black 
plumage. During the same visit, I located five active G. contros- 
tris nests and 15 active G. fullginosa nests. During my winter 
visit, I netted 231 G. controstris; of which 75 were females with 
brood patches, and 43 were mature males. In addition, I located 
99 G. conirostris nests, and the male at 80 of these successfully 
attracted a female. The occurrence of few active nests in July 
suggests that G. controstris had recently ceased breeding, and the 
paucity of adults in reproductive condition indicates that only a 
few individuals attempted to breed in July. 

Dunng the January-March breeding season there was no 
difference in size between males and females (Table 3). Although 
the mean size of females was less than that of males, the differ- 
ence is insignificant. In contrast, however, the females breeding 
in July were significantly smaller than males both in body weight 
(F190 = 12.5, P<0.001) and ın culmen (beak ridge) length 
(Fi, = 5.15, P<0.05). Further, the females in breeding condi- 
tion in July were significantly smaller than females that bred in 
January, both in body weight (F1,,,; = 6.78, P<0.01) and in bill 
size (F, 4; = 6.60, P<0.05). Again the observed pattern was as 
expected from the model. 

The extent to which smaller females will have additional 
Opportunities to breed will depend on the frequency with which 
differential cues occur. The e/ niño vagaries of the Galápagos 
climate ensure that these events occur with some regularity. A 
consequence of this phenomenon is to depress the mean size of 


Table 3 Seasonal sexual dimorphism in Geosp/ra conirostris 


Males Females 
Character Date a Mean a Mean 
Body weight (g) July 1972 14 32.9 17 29.6 
(0.66) (0.62) 
January 1973 43 32.3 75 31.7 
Culmen length (mm) July 1972 14 a 17 E 
mm uly : 
(0.21) (0.24) 
January 1973 43 14.1 75 13.9 
(0.12) (0.10) 





Standard errors are given in parentheses. 
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females in the population, thus producing a sexually dimorphic 
population with regard to size. 
: The seasonal pattern of sexual dimorphism documented for 


_ G. conirostris and its suggested causes are not limited to large 


species, rather they should affect all species of finches in the 
archipelago. This seems to be the case. Lack*”»** documented, 
but did not explain, the existence of sexual dimorphism in size 
in all except one of the Geospizinae—the Cocos Island finch 
(Pinaroloxias inornata), a species restricted to a humid tropical 
island just off the west coast of Costa Rica. 


Size dimorphism in birds 

Sexual dimorphism in size may result in differential resource 
partitioning!**. Such partitioning occurs in Darwin’s finches, 
but if it were a pervasive selective pressure for sexual dimor- 

phism, it should manifest itself in assortative matings during the 
breeding season. That is, the male in each pair should consis- 
tently be larger, or heavier, than his mate. I have measurements 
on 12 pairs that bred in January. The male had a larger bill in 
five instances and was heavier in seven instances. Thus, although 
the sample is small, it gives no indication that assortative mating 
was occurring. 

Sexual dimorphism has also been attributed to selection for 
increased size in males, which may be advantageous in male— 
male competition for breeding sites. In contrast, the finch data 
indicate that decreased female size resulted in increased fecun- 
dity in a fluctuating environment. In particular, small size in 
females increased their sensitivity to environmental changes that 
indicate favourable conditions for breeding. Smaller females are 
thus likely to breed sooner and ‘more often than their larger 
counterparts. 

My inferences concerning sparta dimorphism and its effect on 
the timing of reproduction in Darwin’s finches are based on the 
consequences of certain bio-energetic relationships and depend 
on when the resources used for egg production are accumulated. 
If they are accumulated immediately before reproduction, then 
relatively small females will be at an advantage because they can 
accumulate the necessary resources more quickly. For small 
passerine birds, this is likely to be the case, and in house spar- 
rows (Passer domesticus) in particular, Johnston’and Sealander™ 
have documented a trend of increasing sexual dimorphism with 
latitude, a finding which is consistent with the model since the 
timing of reproduction should be more critical in places with 
short growing seasons. Conversely, if resources for reproduction 
are derived from reserves stored at some other time, say, before 
migration, then larger females will be at an advantage because 
they will have more reserves left for egg production. It is notable 
that the degree of ‘reversed sexual dimorphism’ in the thres 
species of Accipiters studied by Storer!? increases with the degree 
of migration. Furthermore, certain species of shore birds, in 
which females are larger than males, arrive on their sub-arctic 
breeding grounds with substantial fat reserves?’, and the largest 
females breed first*. The timing of reproduction seems to be 
critical for these species; the arctic growing season is short and 
early breeding is associated with increased reproductive suc- 
cess?*, In addition, Brodie™ has detailed an identical explana- 
tion for reversed sexual dimorphism in fin whales (Balaenoptera 
Physalus), in which the females store fat while feeding on krill in 
the Antarctic. They subsequently migrate northwards to their 
breeding grounds, which are characterised by warmer tempera- 
tures and reduced food productivity, where females give birth 
to and nurse their calves. The energy used during gestation and 
lactation seems to be derived from fat reserves stored in the 
Antarctic, and the larger size of females endows them with 
increased storage capacity to satisfy the demands of reproduc- 
tion. 

Larger male size is characteristic of many species of birds In 
certain North American species, males do not migrate as far 
South as females and overwinter in harsher climates, where 
increased size may reduce overwinter mortality. That migratory 
pattern seems to ensure the early arrival of males on the breeding 
ground”, In polygynous song birds, males aca arrive well 
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in advance of the females and establish territories*’~**. As a 
consequence, males are subjected to the rigours of territorial 
establishment at a time when the weather is likely to be incle- 
ment. Agonistic encounters are likely to reduce the time avail- 
able for foraging and thus larger size may provide males with 
the physiological reserves necessary to hold a territory. This 
certainly seems to be the case in polygynous mammals. Male 
northern fur seals (Callorhinus ursinus) are 7—10 times the size of 
females*4, and establish territories before the arrival of the 
females, Territorial bulls fast for the duration of breeding 
season (2-4 months)*; Bartholomew* interprets the extreme 
sexual dimorphism in this species to be a result of the advantages 
of early territorial establishment and prolonged territory main- 
tenance, advantages that could be realised by the increased 
storage capacities associated with increased size. 

In summary, simple bioenergetic considerations provide a 
general description of geographic patterns of size variation, 
size-related changes in the timing of reproduction and seasonal 
patterns of sexual dimorphism in Darwin’s finches. Expansion 
of these analyses provides a consistent explanation for patterns 
of normal and reversed sexual dimorphism in birds and mam- 
mals. The analysis accounts for the general condition of larger 
male size in temperate species and identifies the conditions that 
would lead to increased female size. In all certainty, these 
initial tendencies will be amplified by other selective pressures’. 

My work in the Galapagos was aided by the Charles Darwin 
Foundation for the Galapagos Islands and funded by the NSF. 
Susan Downhower, Paul Colinvaux and Rodger Mitchell pro- 
vided encouragement. 
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The Thy- antigens from both thymocytes and brain of 
rats are major membrane glycoproteins of about 25,000 
molecular weight of which 30% is carbohydrate. The 
brain and thymus glycoproteins contain very similar 
amounts of each amino acid, but have strikingly different 
carbohydrate compositions. The antigenic determinants 
are likely to be in the protein part of the molecule. 
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Many specific functions of cells are likely to be mediated 
by tissue specific molecules at the cell surface reacting with 
other cells or soluble factors. One method of identifying 
these is to study tissue-specific cell surface antigens, which 
are commonly referred to as differentiation antigens'’’. The 
theta (9) antigen, now called Thy-! (ref. 3) was one of the 
first cell-surface differentiation antigens to be identified on 
lymphocytes, and was found in mice in two allelic forms 
which were serologically identified as the Thy-1.1 (0-AKR) 
and Thy-1.2 (@-C;H) alloantigenic determinants’. The Thy-1 
locus is on chromosome 9 in the mouse’. 








*Present Address: Department of Medical Biophysics, University of Toronto, $00, 
Sherbourne Street, Toronto M4X 1K9, Canada. 
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The Thy-! antigen was found in large amounts on mouse 
thymocytes and brain" and in smaller amounts on mature 
T lymphocytes'’". The number of antigenic sites per 
thymocyte was found to be >400,000 for Thy-1.2 (ref. 8) 
and about 600,000 for Thy-1.1 (ref. 9) by measuring binding 
of the alloantibodies. The antigenic activity of brain is 
approximately equal to thymocytes on a packed tissue basis’. 
The Thy-l antigen has also been reported on mouse 
epidermal cells and fibroblasts'’’'"’, but other tissues have 
very little if any antigen‘. In the brain the Thy-1 antigen is 
present in small amounts at birth and increases to maximum 
specific activity after about 25d (ref. 6). 

The Thy-1.1 antigenic determinant can be recognised on 
rat thymocytes and brain with mouse alloantiserum, but no 
rat strain with the Thy-1.2 determinant has been reported”, 
The amount of antigen on rat and mouse thymocytes and 
brain in similar as is the developmental pattern in the brain 
but, surprisingly, most peripheral rat T cells lack the 
antigen, while many rat bone marrow cells express it at the 
cell surface, Other tissues of the rat including 
erythrocytes, heart, kidney, lung and liver have virtually no 
detectable Thy-1 antigen’. Two other antigenic determinants 
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can be found on the rat Thy-! molecule and these are 
recognised by xenogeneic (rabbit) antiserum and are referred 
to as the rat specific, and the rat-mouse cross reacting, 
xenoantigenic determinants? ™. Similar antigenic determin- 
ants have been described in the mouse”. 

There has been considerable confusion as to the chemical 
nature of the Thy-1 molecule with suggestions that it is a 
elycolipid'*", a protein of various sizes’ or a glyco- 
protein”? in mouse, and a protein or glycoprotein in rat”. 
Glycoproteins have been purified from rat thymocytes** and 
brain”? which clearly carry all the Thy-1 antigenic determin- 
ants at high specific activities, and the conflicts between 
these results and the work of others is discussed below. 
The purifications involved the solubilisation of antigen in 
deoxycholate from crude membrane preparations, followed 
by gel filtration and affinity chromatography with columns 
of lentil lectin coupled to Sepharose-4B. The affinity column 
bound most of the brain Thy-1, but about 50% of thymocyte 
Thy-1 did not bind. This fraction was purified by an antibody 
column against brain Thy-1. Thus three Thy-1 preparations 
were obtained: brain Thy-1, thymocyte Thy-1 which binds 
to ‘entil lectin (Thy-1L+) and thymocyte Thy-! which does 
not bind (Thy-1L.—). The three preparations could not be 
distinguished by their antigenic determinants and both 
thymocyte and brain Thy-! were of similar immuno- 
genicity in rabbits. In contrast, slight differences in mobility 
of the glycoproteins were noted after electrophoresis on 
po’yacrylamide gels in sodium dodecyl sulphate. On 12.5% 
polyacrylamide gels, brain Thy-1 had an apparent molecular 
weight of 24,000, while for thymocyte Thy-IL+ and 
Thy-I..—the values were 25,000 and 27,000, respectively™™, 

We describe here the results of amino acid and carbo- 
hydrate analysis of the Thy-I glycoproteins and also report 
experiments to determine the nature of the antigenic 
determinants. 


Preparation of Thy-1 
samples for chemical analysis 


lhe three forms of Thy-1 were purified from rat thymocytes 
and brain as before’** (except that twice recrystallised 
sodium deoxycholate was used) and the minor impurities in 
thymocyte Thy-IL— were removed by gel filtration on a 
column of Sephadex G-200 in 0.5% sodium deoxycholate. 
The purified fractions contained a large amount of deoxy- 
cholate after concentration by ultrafiltration, and this was 
removed by precipitation of the glycoprotein with ethanol 
in which deoxycholate is soluble (M. J. Crumpton, personal 
communication), Ethanol was added to a final concentration 
of 75%, together with a few drops of saturated sodium 
acetate in ethanol (to improve flocculation of the pre- 
cipitate) and the mixture was left for 48 h at —20 °C. The 
precipitate was recovered and washed in absolute ethanol 
by centrifugation at 1.8009 for 30min at —10°C. The 
precipitates were readily soluble in water, and a small 
amount of turbidity was removed by centrifugation at 
100,000 for 30min. The resulting pellets contained less 
than 5° of the Thy-1 by antigenic activity or amino acid 
and carbohydrate analysis, and probably consisted of trace 
impurities from the deoxycholate. 

This precipitation gave yields of 70% for both thymocyte 
forms and 40% for Thy-i from brain. The procedure had 
no effect on the antigenicity of the glycoproteins whose 
specific activities for Thy-l.1 and Thy-1 xenoantigenic 
determinants were similar to those of the pure preparations 
before precipitation’’*". The electrophoretic behaviour of 
the glycoproteins on polyacrylamide gels in sodium dodecyl 
sulphate (SDS) was also unaffected by the precipitation, 
and, as Fig. | shows, none of the three preparations showed 
detectable contaminant bands when stained for protein or 
carbohydrate. 

Preliminary studies on the size of Thy-1 in the absence 
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Fig. 1 Purity of Thy-l fractions analysed by polyacrylamide 
gel electrophoresis in sodium dodecyl sulphate. B, L-4- and L— 
denote Thy- purified from brain, and Thy-!L-- and Thy- L~- 
from thymocytes respectively, staining for protein with Coomassie 
blue (a) or for carbohydrate with periodic acid-Schiff (b} stain*?. 
The Thy-i glycoproteins which had been precipitated with 
ethanol and solubilised in water, were electrophoresed on 7.59%% 
polyacrylamide gels in SDS**. 14 pe and 22 pe of the glyco- 
proteins were loaded for gels stained for protein and carbo- 
hydrate, respectively. 


of deoxycholate have been carried out by sedimentation 
equilibrium methods in the ultracentrifuge, and most Thy-] 
was in an aggregate of 250,000-350,000 weight-average 
molecular weight (unpublished results of P. Kuchel). After 
addition of deoxycholate, Thy-] was found in an antigen- 
detergent complex of molecular weight 29,000, in agree- 
ment with previous studies". Aggregation in the absence 
of detergent would be expected for a membrane molecule 
which was normally associated with lipids. 








Table 1 Amino acid composition of Thy-! glycoproteins 
No. of amino acids per 100 residues 
Brain Thymocyte 
Thy-| Thy-[L + Thy-IL ~ 
ASX 12.7 [2.6 13.0 
Gix 9i 9.1 9.1 
His 4.l 3.8 4.0 
Lys 6.9 7.2 7.0 
Arg dad 7.5 7.2 
Thr 7.6 8.6 8.3 
Ser 74 7A 7.9 
Pro 3.6 3.8 3.0 
Ala 3.3 2.9 3.2 
Cys 3.4 a2 3.2 
Gly 6.0 4.9 5.0 
Tyr 2.0 2.0 2.0 
Val 7.3 7.4 7.4 
He 3.9 4,] 4.0 
Leu 10.4 11.2 11.4 
Phe 4.0 3.7 3.8 
Met t.i 0.9 0.8 
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Amino acid analyses are expressed as the mean number of each 
amino acid residue per 100 residues and are the result of at least four 
analyses in each case. For brain Thy-1 and thymocyte Thy-1L =+., two 
completely independent preparations of each were analysed, while for 
thymocyte Thy-IL — one preparation was used. The amino acids are 
arranged into hydrophilic, intermediate and hydrophobic groups?’ 
reading down the table. Samples for amino acid analyses were hydro- 
lysed with constant boiling HCI at 110 °C for 20h and analysed on a 
Locarte or modified Beckman analyser*®. A correction for the destruc- 
tion of threonine and serine was calculated from 24-and 72-h hydro- 
lyses of Thy-1 from brain and applied to all analyses. Cysteine was 
estimated as cysteic acid after performic oxidation?’ The s.e.m. was 
< 5° of each mean value except for proline values (< 12%). 
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Chemical analysis of the Thy-1 glycoproteins 


The preparations of Thy-1 shown in Fig. 1 were analysed for 
their amino acid (Table 1) and carbohydrate compositions 
(Table 2) by standard procedures. The amino acid analyses 
were very similar for the three forms of Thy-1 and the only 
differences which were significant after statistical analysis 
(not shown) were those between the leucine and glycine 
content of brain Thy-1 in comparison with thymocyte 
Thy-1. The compositions were so similar, however, that any 
differences which may exist in the protein part of the 
molecules will only be clearly revealed by amino acid 
sequence analysis. If the amino acids are grouped on the 
basis of their hydrophobicity (Table 1), it can be seen that 
Thy-1 is much less hydrophobic than some membrane 
proteins” and indeed is notable for its large proportion of 
hydrophilic residues. Hydrophobicity in amino ecid com- 
positions is, however, not an invariable feature of membrane 
proteins and the major human red cell glycoprotein which 
is superficially similar to Thy-1 1s also quite hydrophilic in 
its amino acid composition”. In detail the amino acid 
compositions of the red ceH glycoprotein and Thy-1 are 
very dissimilar. 

If the molecular weight of 25,000 as determined by 
electrophoresis on polyacrylamide gels in SDS is taken as 
correct, then the size of the polypeptide portion would be 
about 17,000 and the values in Table 1 should be muttiplied 
by 1.5 to give the number of residues per molecule. 

In contrast to the amino acid analyses, marked differ- 
ences in carbohydrate composition were found particularly 
between brain and thymocyte Thy-l with smaller differ- 
ences between thymocyte Thy-1L+ and Thy-iL—. These 
results are shown in Table 2 and are expressed as residues 
per 100 residues of amino acids. If the figures are multiplied 
by 1.5, an estimate of residues per molecule can be obtained. 
Galactosamine was found only in brain samples and no 
trace was detected in thymocyte Thy-1. In contrast, sialic 
acid was present in very small amounts in brain Thy-l, but 
in much larger amounts in thymocyte Thy-l. The amounts 
of fucose, glucose and galactose also differed by a factor of 
2 or more between brain and thymocyte Thy-1, while smaller 
differences on a percentage basis were found between 
mannose and glucosamine contents. Given that differences 
in composition are likely to reflect much larger differences 
in structure, the carbohydrate chains of brain and thymocyte 
Thy-1 may be completely unrelated. 

Between thymocyte Thy-1L+ and Thy-1L— the com- 
postions were much more similar, but differences in the 
amount of galactose, mannose, glucosamine and sialic acid 
may be significant. These differences in composition do not 
provide a simple answer as to why Thy-1L— fails to be 
bound by the lentil lectin, except to reinforce the view that 
it is likely to be due to differences in the carbohydrate 
rather than the pokypeptide structure. The differences 
between Thy-IL+ and Thy-1L— are typical of the micro- 
heterogeneity of carbohydrate residues observed for many 
glycoproteins”. The large differences between brain Thy-1 
and thymocyte Thy-1, however, represent a much more 
unusual order of heterogeneity of carbohydrates and could 
reflect a similar polypeptide chain carrying unrelated 
carbohydrate structures in the two tissues. 

In the carbohydrate analysis by gas-liquid chromatography 
only small amounts of material other than known sugars 
were found; these included traces of lipid (see legend to 
Table 2). The procedures used in the purification of Thy-1 
involving deoxycholate and ethanol would be expected to 
remove non-covalently-bound lipids and previously no lipid- 
bound phosphorus (less than 0.05 mg of phospholipid per 
mg of Thy-1) had been detected in brain Thy-1 (ref. 24). 

From a summation of the amino acid and carbohydrate 
analyses, the percentage composition by weight of the 
molecules was calculated (Table 2). The values for carbo- 
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Table 2 Carbohydrate composition of Thy-1 glycoprotems 


Carbohydrate residues 100 amino acid residues 
Analyses by gas—liquid ee 
Brain 


ymocyte 
Thy-lL+ Thy-1L— 


Thy-1 

Fucose 1.8 10 0.9 

Mannose 11.9 10.6 9.4 

Galactose 1.8 5.5 6.9 

Glucose 0.6 1.3 1.1 

Glucosamine 6.3 7.0 8.3 

Galactosamine 1.0 0.0 0.0 

Sialic acid 0.2 1.8 Zz 
Amino sugars by 1on-exchange chromatography 

Glucosamine 8.3 9.4 11.7 

Galactosamune 1.0 0.0 0.0 
Sialic acid by fluorescent MEIROS 

Sialic acid sieeet carbohydrate 2.1 2.9 
Percen b to 

HERAT 29% 327, 35% 


The carbohydrate analysis of the three glycoproteins is expressed 
as the number of carbohydrate residues per 100 amino acid residues 
(Table 1). The results shown are the means of four analyses for brain 
Thy-1 and thymocyte Thy-1L+ (on two separate preparations of 
each) and two analyses for thymocyte Thy-l1L—. Neutral sugars, 
amino sugars and sialic acid were by gas-liquid chroma- 
after methanolysis and trimethylsilylation™*. Some minor 


with glucosamine and was thought to be stearic acid. Thus su uent 
analyses were extracted with hexane after hydrolysis™, and d 
chromatography analysis of the hexane extracts confirmed the 
presence of a peak running in an identical manner to stearic acid. 
An upper limit to the amount of lipid present was estimated as 1.6, 
1.3 and 0 9 lipid residues per 100 amino acads for Thy-1L—, Thy-1L+ 
and brain Thy-1, respectively. The remaining unidentified peaks 
amounted to than 3% of the total area of the sugar peaks. 
Amino men were also estimated by 10n-exchange chromatography 
drolysis in 3M p-toluene sulphonic acid, 0.2% tryptamine 
at ae for 72h (ref. $3), A correction for loss du ng hydrolysis 
was based on a 70% yield relat for ovomucoid treated similarly. 
Sialic acid was also determined a fluorescent method!, using 
3,5-diaminobenzos acid, on a Perkin Elmer MPF-2A fluorescence 
spectrometer. The interference of hexoses in these conditions 
Copr umay 5% that of sialic acid) was measured in every assay 
a correction made on the basis of the hexose composition shown 
above. For each value the s.c.m. was < 12% of the mean. 


hydrate content of about 30% are higher than for many 
membrane glycoproteins. 


Chemical basis of 

Thy-1 antigenic determinants 

Rat Thy-1, regardless of its tissue origin, carries at least 
three sets of antigenic determinants. These include Thy-1.1 
which is recognised by mouse alloantiserum™™ and two 
xenoantigenic determinants recognised by rabbit serum’™. 
The similarity between the amino acid compositions, and 
the differences in carbohydrate compositions of Thy-1 from 
brain and thymocytes suggest that these antigenic determin- 
ants are defined by the protein rather than the carbohydrate 
structure. To investigate this point further the susceptibility 
of the antigenicity to heating and proteolysis was studied. 
Both of these procedures should destroy protein determin- 
ants which are usually dependent on conformation™ but 
leave carbohydrate amigenic determinants intact™. 

Samples of pure Thy-1 were heated for 10 min at various 
temperatures and assayed for Thy-1.1 and Thy-l xenoanti- 
genic determinants (Thy-! rat specific and rat—-mouse cross 
reacting xenoantigenic determinants were not distinguished). 
Figure 2 shows a typical experiment in which the activity 
of these antigenic determinants of brain Thy-1 was destroyed 
in the temperature range 70-80°C. Similar resus were 
obtained in experiments with thymocyte Thy-1L+. 

The effects of proteolytic digestion were evaluated by 
measuring the loss of antigenic activity with the inhibition 
assays, and destruction of the polypeptide chain by SDS- 
polyacrylamide gel electrophoresis. Thy-1 was quite resistant 
to all the proteolytic enzymes tested, but after incubation 
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Fig. 2 Effect of heat on the Thy-i antigenic determinants. 
The figure shows the results of two experiments on heating of 
brain Thy-1, assaying for Thy-1.1 (©) and Thy- xenoantigenic 
activities (|). Purified Thy-1 (approximately 10 ug mi~) was 
heated for 10 min at the temperature shown in 0.1°% sodium 
deoxycholate, 0.25% bovine serum albumin, 0.02°4 NaN, and 
0.01M Tris-HCI, pH 8.0. The samples were cooled to 0 °C and 
assayed for Thy-1.1 and Thy-] xenoantigenic activities®*. These 
activities are expressed as the percentage activity compared with 
a similar sample kept at 0 °C throughout (100%). 


with Pronase for 24h at 37°C, 80-95% of the antigenic 
activity of all Thy-1 determinants was destroyed (Table 3). 
Also the polypeptide chain was almost completely degraded 
as Shown for brain Thy-1 and thymocyte Thy-1L+ in Fig. 
3a and b, respectively. Pronase digestion for 3 h caused only 
partial loss of antigenic activity and partial removal of the 
polypeptide chain. When brain or thymocyte Thy-1 was 
incubated for 24h with trypsin, chymotrypsin or papain 
(conditions as for Pronase in Table 3 except for the addition 
of cysteine HCl with papain), there was only partial loss 
(30-80%) of antigenic activity and the Thy-1 molecule. On 
a qualitative basis no discrepancies were observed between 
the amount of antigenic activity and the amount of Thy-1 
band remaining on the polyacrylamide gel. 

These results, together with the chemical analysis (Tables 
l and 2), and the experiments on the effect of heating, 
strongly (although not conclusively) suggest that all the 
antigenic determinants so far identified on rat Thy-1 are 
expressed by the protein part of the molecule. 


Confusion about the 

nature of the Thy-1 molecule 

There has been considerable disagreement about the 
chemical nature of the Thy-! molecule. Most other workers 
have studied mouse Thy-! but the basic characteristics of 
the molecule are likely to be similar in both mouse and rat. 





Table 3 Effect of Pronase on Thy-1 antigenic activities 


Residual antigenic activities (°% 
Thy-1.1 antigenic Thy-! xenoantigenic 


activity activity 
Thy-1 (brain) 3, 7,6 5, 6,4 
Thy-1L+ (thymocyte) 16,10,11 14, 9,8 
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Purified brain Thy-1 or thymocyte Thy-I1L+ was incubated at 
37 °C for 24h in the presence or absence of Pronase. The antigenic 
activities of the digested and control preparations were then assayed 
and are shown for three independent experiments as the percentage 
of the digested material compared with the control incubation. In 
the incubation Thy-! was at 400 ug ml ~tin 0.25%% Na deoxycholate, 
0.02%, NaN, and 0.01 M Tris-HCl, pH 8.0, and Pronase was added 
at a weight ratio of I: 12 compared with antigen. The assay of 
antigenic activity was done at 0 °C in the presence of a 1,500-fold 
excess of bovine serum albumin to inhibit residual Pronase activity. 
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A glycoprotein band similar to rat Thy-1 can be identified 
in mouse thymocyte membrane, and the mouse Thy-1.i 
antigenic activity is found in the same place as rat Thy-! 
after gel filtration in deoxycholate”. Also Trowbridge et al., 
using hyperimmune serum to rat brain Thy-1, could 
immunoprecipitate a glycoprotein of molecular weight about 
25,000 from mouse thymocytes which had been surface 
labelled with I and solubilised in detergent”’. This mole- 
cule was present in tissue culture cell lines which displayed 
Thy-i antigen, but absent from mutants which had become 
negative for the antigen”. Using conventional anti-(Thy-1) 
alloantiserum they could not precipitate the 25,000 
molecular weight glycoprotein and this confirmed the 
observations of Vitetta et al.’". The latter authors interpreted 
this to mean that Thy-! antigens were inactivated by 
detergent, but this was clearly shown to be incorrect in 
studies using inhibition of radioimmunoassays”. It is more 
likely that the failure to precipitate Thy-1 was due to low 
affinity of conventional alloantiserum, leading to dissociation 
of antigen-antibody complexes in the washing of the 
immunoprecipitates. In similar experiments Atwell et al. 
immunoprecipitated a protein of apparent molecular weight 
60,000. This result has not been confirmed by others, and 
may have been due to the use of nonspecific antiserum. 

Sauser ef al. have suggested that the Thy-1.2 alloantigen 
is associated with a protein of molecular weight about 40,000 
which they obtained in preparations purified 60-fold for the 
antigen”. Thy-1 glycoprotein in the rat was pure when 
Thy-1.1 antigenic activity was purified 260-fold™ and thus it 
is possible that the protein of Sauser ef al. is a major 
contaminant in a fraction which also contains Thy-1 glyco- 
protein. 

Miller and Esselman have suggested that mouse Thy-! 
antigen is a ganglioside” and this is completely inconsistent 
with the antigenic determinants being in the protein part 
of a glycoprotein. Their inhibitions of Thy-1 cytotoxicity 
assays with gangliosides, however, do not show the high 
degree of specificity expected for the Thy-1 alloantigens 
as defined by Reif and Allen*. Thus Miller and Esselman 
suggest that GM, ganglioside carries the Thy-1.2 determin- 
ant, yet ganglioside from a Thy-1.1 strain inhibits a 


Fig. 3 Effect of Pronase on the Thy-! glycoproteins. The 
Thy-1 glycoproteins were digested with Pronase as described in 
Table 3 and the effects analysed by electrophoresis on 7.5%% 
polyacrylamide gels in SDS (as in Fig. 1). Equal amounts of 
protein from each digest and its control (about 5 ug) were 
electrophoresed and after staining for protein with Coomassie 
blue the gels were scanned at 550 nm®*. a, Scans for brain Thy-1 
control (—) and brain Thy-1 after Pronase digestion (— - -). 
b, Thymocyte Thy-1L+ control (—-) and Thy-IL + after Pronase 
digestion (~~ —). 
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cytotoxicity assay for Thy-1.2, 50% as well as ganglioside 
from a Thy-1.2 mouse’. Also, very large amounts of 
ganglioside were needed for inhibition of the cytotaxicity 
assay for Thy-1.2, for example for 50% inhibition approx- 


imately 500 ng of GM: (molecular weight 1,500) was 


required, compared with 10ng of, Thy-1 glycoprotein 
(molecular weight 25,000) for 50% inhibition of radioactive 
binding assays for Thy-1.1™™. Finally, other authors have 
not been able to find Thy-1 antigenic activity in lłpid 
fractions”. 

Trowbridge et al. agree that Thy-1 is carried by a glyco 
protein™, but have suggested that the antigenic determinants 
of mouse Thy-1 are on the carbohydrate and not the 
protein part of the molecule”. This view was based on 
studies on mutant cell lines, but there is no obvious reason 
why the data cannot be interpreted equally well: with the 
antigenic determinants carried by the protein part of the 
molecule. 


Possible function for 

Thy-1 in thymus and brain 

In mouse, peripheral T cells have Thy-1 and bone marrow 
ces do not’, whereas in the rat the. converse is true”. Thus 
it is possible that Thy-1 is not of functional significance in 
these cell types of either species. In thymus and brain, 
Thy-1 is a major membrane glycoprotein and these are 
likely to be the tissues In which the Thy-1 molecules have a 
biological function., 

A large part of the protein of the Thy-1 molecule is likely 
to be exposed at the cell surface since its amino acid 
composition is hydrophilic and the antigenic determinants 
are clearly available on intact cells. By analogy with other 
membranes, the carbohydrate structures are also kkely to 
be exposed™. Although there is no evidence about the 
function of Thy-1, the molecular properties do provide 
some limitations For example, if the polypeptide ghaim 
mediates the specific function of Thy-1, the functions are 
presumably the same in both thymus and brain. Alterna- 
tively, the specific function may be mediated by the carbo- 
hydrate structures. In this case the polypeptide chain may 
anchor the molecule in the membrane and provide a back- 
bone for the -display of different carbohydrate ligands m 
thymus and brain. CeH surface carbohydrate has been 
suggested to be involved in cell-cell interactions by providing 
recognition sites for glycosyl transferases or lectins on other 
cells". These ideas have gained particular emphasis in 
studies on slime moulds where strain specific lectins have 
been identdfied. These are found at the cell surface and 
may be involved in the aggregation of single cells in the 
slime mould’s life cycle“. In thymocytes and brain, Thy-1 
would be an obvious possibility as a molecule involved in 
functions of this type. If this is the case, the differences in 
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carbohydrate composition between brain and thymus Thy-1 
may reflect differences in the specificities of recognition in 


the two tissues. 
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Nucleotide rigidity 


Frederick E. Evans & Ramaswamy H. Sarma 


Department of Chemistry, State University of New York at Albany, Albany, New York 12222 


It is shown that in aqueous solution the backbone conforma- 
tion of adenosine is as much flexible as that of 3'-AMP, 
5’-AMP and 3’, 5'-ADP indicating that nucleotides are not 
any more rigid than nucleosides. The flexible conformation 
of the monomeric components is conserved in the nucleotidyl 
units of destacked ApA, ApApA and poly(A), but it is not 
conserved in base stacked conditions. The findings are 
extended to guanosine, uridine and cytidine systems. It is 
projected that in aqueous solution, conformations of the 
individual nucleotidyl units of yeast tRNA*** are confined 


to the classically stable domains in the base stacked region 
and non-rigid flexible structures populate in the unstacked 
region comprising D16, D17, G20, U47 and A76. 





Many investigations have been carried out on the conformation 
of mononucleotides in order to understand better the conforma- 


tion of biologically functional nucleic acids. It has been pro- 


posed that the conformation of mononucleotides is rigid, and 
because of this their conformation is conserved in polynucleo- 
tides+*, The essential elements of the concept of a conforma- 
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Ap 


pAp 





ApApA 


Fig. t Structure of ApApA, showing the atom numbering 
scheme and notations for the torsion angles (IUPAC-IUB 
recommendations). 


tionally rigid nucleotide’ are (1) that the nucleotides are con- 
formationally more rigid than the corresponding nucleosides 
and that the phosphate group imparts rigidity to the nuclectides 
(this has been termed the ‘phosphate effecti”) and (2) the 
polymers achieve their biologically functional structure by 
rotation around the phosphodiester bonds. Quantum mechan- 
ical calculations suggested that the intrinsic conformational 
rigidity of a nucleotide may not be fundamentally different 
from that of the corresponding nucleoside*. The concept of 
igidity is based on the finding that in the solid state nucleosides 
exhibit a constant conformational pattern-—glycosidic torsion 
= anti; sugar pucker = *E; y ~ 60° and @ ~ 180°—which is 
absent in nucleosides!:*. Recent X-ray crystallographic studies 
have found several nucleotides with conformations different 
from that of a rigid nucleotide’~*. Some differences have been 
found between solid state and solution state conformations!® 7}, 
We have undertaken a systematic study of the fine conforma- 
tional features in aqueous solution of adenosine (A), 3’-AMP 
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(Ap), 5’°-AMP (pA), 3’,5’-ADP (pAp), ApA, ApApA (Fig. 1) 
and poly(A) as well as uridine, 3’°-UMP (Up), 5’-UMP (pU), 
UpU and poly(U) using high frequency nuclear magnetic 
resonance (NMR) spectroscopy combined with a Karplus- 
type analysis of the coupling constants. Here we examine 
the results obtained with respect to the rigid nucleotide concept. 

All materials used were commercial preparations. 'H NMR 
spectra were recorded at 100, 270 or 300 MHz in the Fourier 
transform mode using systems described elsewhere! 15, All 
NMR spectra were analysed using a UNIVAC 1108 computer 
and LACON IH. The observed and simulated spectra of 
ApApA is shown in Fig. 2 and the data are summarised in 
Table 1. 


Conformation in 
destacked oligomer and polymer 


The backbone linkage is comprised of the C4’~C5’—-05’~P-03— 
C3’ bond network. The conformation of the C4’—-C5’ and C5’~ 
O5’ bonds shows itself in the coupling constant sums (Jurug 
-+-Jus-uy9 and L’(Jys— PJs 5) respectively'®. The near 
identity in the values of X(Table 1, Fig. 2) for each of the 
adenylyl parts in mostly destacked ApApA (72 °C) clearly 
shows the strong similarity in the time-average conformation 
about the three C4’—-CS’ bonds. The £ data in Table 1 further 
reveal that this C4’-CS’ bond conformation is very similar 
to that in mostly destacked ApA (72 °C) as well as to that in 
3’,5°-ADP, 3°-AMP, 5-AMP and adenosine. Likewise, 
the ©’ data in Table | reveal that the conformational 
preference about the C5-05 bonds in destacked ApApA and 
ApA is strongly similar to that of the same bonds in 5’-AMP 
and 3’,5’-ADP. The observed values of E and LZ’ can be trans- 
lated into an estimate of the percentage population of con- 
formers using empirical equations developed in this labora- 
tory!®, These equations have been recently modified. Com- 
putation of the population distribution of conformers shows 
that the gauche-gauche (W, Wi Wx Wa = 60°) population is 
70-80%, and the combined population of gauche-trans (yw, 
Wi We Ws = 180°) and trans—gauche (Y, Wy Wo Wa = 300°) 
conformers is 20-30%% irrespective of whether one is dealing 
with a nucleoside, 3’-nucleotide, 5’-nucleotide, 3’5’-diphos- 
phonucleoside or a destacked dinucleoside monophosphate 
or a trinucleoside diphosphate. The gauche’--gauche’ (@, 9, 
@. @; = 180°) population about C5’-OS’ for all these com- 
pounds lies between 65-75%. The observed time-average 
preference for the gauche-gauche and gauche’—gauche’ arrange- 
ment is further substantiated by the 1.5~-1.8-Hz magnitude 
of the four-bond 4/4», coupling *°. 

Information on the conformation about the C3’-O3’ part 
of the backbone can be obtained from the magnitude of the 
coupling constant Jus —p, (refs 15 and 21). The observed 





Table 1 Coupling constant data for the various nucleic acid systems of the adenosine family 


Adenosine 3’-AMP 5-AMP 3-AMP 3,5-ADP  ApA 
Temperature Ap- 

C) 22 22 22 8&6 22 12 
Solvent D.O D0 D.O DMSO+D,0 DO D.O 
H-H? 6.2 6.2 ST 5.8 5.5 3.6 
H2‘~H3’ 5.2 5,2 Sed 5.2 4.7 Sa A 
H3 -HE 3.5 2.9 3.7 3.5 3.7 s5 5 
H3’-P3" ~ 7.9 = ~- 8.5 7.6 ~ 
H4’-H5" 2.8 2.4 a4 3.3 2.9 2.5 2 
H4’-HS 3.6 3.3 3.4 3.9 2.9 3.5 3. 
£ 6.4 5.7 6.2 7.2 5.8 60 6. 
H4’~PS ~- ~ L7 15 2.2 ~ 2, 
H5 -PE - a 5.0 5.7 5,3 ~ 3. 
H5S’--PS -n 5.0 3.6 5,3 ~ 3 
E - ~ 10.0 11.3 10.6 ~ 6 
HS’-HS"  —12.6 I?  - - 42.0 —120 — 11.6 —13.0 — 12 


a Ou 
rary SRS 


Dine DB inA~ ooi 


ApA ApApA* ApApA* 

Ap- -pA Ap- pAp -p p- pAp -pA poly(A) poly(A) 

72 72 1% 18 18 72 72 2 2a 86 

D,0 D 20 D,O D 2 D,0 D,0 D 20 D xO O DMSO -+ D gO 

48 46 34 28 3.5 49 5.0 4.8 2 5.9 

5S2 51 5.2 5.2 5.2 5.2 

44 46 (4.4) 4.7 49 3.4 

£8 — (7.53 7.9 ~ 8.0 

2.6 2.8 2.8 2.7 2.8 3.5 

40 4,2 3.9 3.8 3.8 3.8 

6.6 7.0 6.7 6,5 6.6 7.3 

- 1.8 ~ 1.8 1.8 1.7 

- 4.9 = "4.8 5.0 5.7 

~ 4.9 — 4.6 5.0 5.6 

~ 9.8 ~ 94 10.0 11.3 
— 12.8 — 11.6 —~j2.8 118 ~-12.0 ~~ 12.0 


 MAAARAMLANALLN LAANA UANL AAAA AANA EAA AAH A ANAA A E serra RASMAVRIANAA Aiton ASSL SSS aana AAA eer LAE IRATE 


and ApApApA. 


+ Poly(A) dissolved in 50%% de- DMSO and 50% D,O at 86 “C, 0.05 M in mononucleotide. For error in the analyses see legend of Fig. 4. 
t These values are approximate because of the presence of extensive second order perturbations at the frequency used of 270 MHz. 
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Chemical shift in Hz (270 MHz) 


Fig. 2 a, b, c, Computer simulations of the Ap-, -pAp— end -pA parts of ApApA. d, Combination of the above three parts into one to 
produce ApApA simulation. e, The 270 MHz !H experimental NMR spectrum of ApApA at 72 °C, pD 7.0, 0.02 M. 


values Of Juy—-y Indicate that in the component monomers, 
as well as the dimer and trimer at 72 °C, the C3’-O3’ bonds 
have similar time average conformations. 

The ribofuranose ring conformation in nucleic acids and their 
components in aqueous solution may be treated as a simple 
C2’-endo (E) and C3’-endo (E) equilibrium***? or as an 
equilibrium of entities with precise phase angles and amplitudes 
of pucker™,. The pseudorotational approach™ is a major 
improvement over the classical description for solid state data. 
However, for the majority of nucleotide systems in aqueous 
solution the pseudorotation approach may not be sufficiently 
accurate to be an improvement over the simple qualitative 
approach of a 2E +> *E equilibrium®*™. The percentage popula- 
tion of "E conformers in adenosine, 3°-AMP, 5’-AMP, 3,5- 
ADP, ApA 72 °C, ApApA 72 °C were computed (Fig. 3a) and 
the data show that the component monomers, irrespective of 
whether a nucleoside or a nucleotide, have the same time- 
average conformation for the ribose ring. These are only slightly 
different from that of ApA 72°C and ApApA 72°C. Later 
discussion will show that the ApA and ApApA ribose rings 
did not approach the same conformational distribution of the 
components because at the temperature used (72°C both 
ApA and ApApA display a certain degree of stacking in D,O 
(refs 27, 28). 

Two conclusions emerge from the data: (1) In the adenosine 
series, in aqueous solution the nucleoside and the nucleotides 
have the same time-average conformation with respect to the 
Tibose ring, the C5’-O5’, C4’-C5’ and C3’-O3’ bonds. It does 
not seem therefore, that this part of the nucleotide backbone is 
conformationally more rigid than in nucleosides, at least for the 
system investigated. The observation that the phosphate 
group present at the 3’ or 5’ position or at both the positions 


has no detectable effect on the population distribution of 
conformers about C4’-C5’, C5’-O5’, C3’-O3’ and the ribose 
ring argues against an effect of the phosphate group on con- 
formation. The mononucleotide components 3’-AMP, 5’-AMP 
and 3’,5’-ADP essentially conserve their backbone conforma- 
tion as they become integrated into the framework of the 
destacked oligomers ApA and ApApA. 

It is of interest to determine whether these conclusions can be 
extended to the case of a polymer such as poly(A). The spec- 
trum of poly(A) in the destacking solvent DMSO/D,O at 
86 °C was taken and the entire spectrum was computer simu- 
lated (Fig. 4). The extracted values for %, 2’ and Juy_px 
(Table 1) as well as the computed percentage of *E population 
(Fig. 3a) clearly reveal that destacked poly(A) has a tıme- 
average backbone conformation very similar to that of the 
component monomeric units. 


Conformation in the 
stacked oligomer and polymer 


The discussion presented shows that the monomeric units 
conserve their preferred conformation for the backbone in the 
destacked oligomer and polymer. This is not true in the case of 
stacked molecules. Comparison of the computed percentage 
populations of ?E conformers for stacked poly(A), ApApA and 
ApA (low temperature in D,O) with that for the component 
monomers (Fig. 3b) reveals that the ribose ring in the mostly 
stacked oligomers and polymer displays a conformational 
preference dramatically different from that of the monomeric 
components. The *E populations in the monomers are about 
40%, while the corresponding populations for ApA, ApApA 
and poly(A) in conditions which favour stacking lie in the 
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A, Ap(22°C) 
Poly(AXDMSO + D,0,86°C) 
pA(22°C) 
pAp(22°C) 





A, Ap(22°C) 


pAp(22°C) 


Fig. 3 a, Computed percentage populations of the *E ribose conformers in monomers and in mostly destacked ApA, ApApA and poly(A). 

b, Computed percentage populations of the °E ribose conformers in monomers and in mostly stacked ApA, ApApA and poly(A). The 

populations are computed by the method described elsewhere (ref. 15, and F. S. Ezra, C, H. Lee, N.S. Kondo, 5. S. Danyluk, and R.H.S.). 

This method enables us to calculate 3E or E populations from either Jya or J, using an empirical sum of Jpe + Jyy = 9.5 Hz. 

This sum was derived from 30 ribose units of 15 different dinucleoside monophosphates (ref. 15, and F. S. Ezra, C. H. Lee, N. S. Kondo, 

S. S. Danyluk, and R.H.S.). In the crystals of ApApA, the ribose assumes °E pucker**. The abbreviations A, Ap pe pAp refer to 
fo as 


range of 60-80%. The higher end of the range is preferred by 
the central -pAp- unit of ApApA and the nucleotidyl units in 
poly(A). It should be stressed that as the monomeric com- 
ponents become integrated into the framework of a biologically 
functional stacked polymer, not only is there a significant 
increase in the populations of "E conformers, but also there is a 
shift in the kind of pucker they prefer, that is, the monomers 
prefer *E sugar pucker (~ 60°) but the oligomers and polymer 
prefer °E sugar pucker. Mononucleotides do not conserve their 
isolated individual conformations as they become part of a 
polymer in the case of base-stacked adenyl polynucleotides. 
The low temperature ApApA and poly(A) spectra are extremely 
complex and so cannot be completely analysed to obtain the 
values for Jysp3, E and F’. However inspection of the data 
in Table 1 for 3’-AMP, 5’-AMP, 3’, 5-ADP and ApA (12 °C) 
shows that stacking significantly changes the conformational 
preference about the C5’-O4S’ bond of the -pA unit. On the 
basis of the temperature dependence of E and E’ values in 
ApA, we have previously suggested that the C4’-C5’ and 
C5’-O5’ bonds are predominantly gauche-gauche in the 
totally base-stacked state”. 


Conformation in oligo- and polynucleotides 


other than the adenosine family 


Published ribose coupling constant data!?:**-*? on guanosine, 
3’-GMP and 5’-GMP in aqueous solution clearly reveal that 
the nucleosides and the nucleotides display similar distribution 
of 2E and E conformers. The E values?! show that in all 
three cases the percentage population of the gauche-gauche 
(y = 60°) conformer about C4’—-C5’ is about 70-75 %. Unusual 
line broadening complications prevent the analyses of the 'H 
NMR spectra of GpG and GpGpG and one cannot at present 
determine the conformational status of the guanosine nucleo- 
tidy! units in the oligomer. 

Single-stranded polypurine nucleotides are known to exhibit 
considerably more base stacking than poly(U) in aqueous 
solution. The coupling constant data for 3’~UMP, 5’~UMP, 
UpU and poly(U) (Table 2) are, within error limits, similar in 
their magnitudes, which indicates that in aqueous solution at 
room temperature the backbone conformation of poly(U) is as 
flexible as that of the constituent mononucleotides, unlike 
the case in the adenyl! series discussed earlier. 
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Table 2 Coupling constant data for the various nucleic acid systems 
of the uridine family 


Coupling Uridine 3-UMP 5’-UMP UpU 
nuclei Up- -pU poly(U)* 

HILI-H7Y 4.4 5.0 4.8 4.2 3.9 5.5 
H2’-H3’ 5.3 a2 5.0 52 Sl 5.5 
H3’-H4’ 5.5 5.2 4,3 §.3 5.0 4.0 
H3’—P3’ - 8.2 ~ 8.2 — 9.0 
H4 -H5 3.0 2.8 2.4 2.4 24 ~ 
H4 -H5 4.4 4,2 2.8 40 3.2 
2 74 7.0 5.2 6.4 5.7 7,5 
H4’—-P5’ ~ ~ Z.I ~ 2.0 — 
H5’—PS’ ~- - 4.3 ~- 4.4 ~ 
HS -PFY = ~ 5.1 ~ 4.5 ~~ 
x - ~ 9.4 ~ 8.9 8.0 
HS -HS5 —12.7 —~ 12.8 —44.7 —13.1 —11.9 —12.5 


Sa 

The concentration is 0.05 M for the monomers. The pD of 3’-UMP 
and 5’-UMP solutions were kept at pD 5.4 so that the phosphate 
will be mostly monoanionic like the oligomers and polymer at 
pD 7.4. For UpU concentration 0.02-0.03 M, pD 7.4. The tempera- 
ture in all cases was 22°C. Error in coupling constants +-0.1 Hz 
unless otherwise stated. 

*From ref. 32. 


Comparison of the values of Jag--na' in uridine and 5’-UMP 
indicates that this coupling constant undergoes a reduction of 
1.2 Hz on phosphorylation at the 5’ position. This translates 
into an increase of about 15° in the population of *E con- 
formers for the ribose ring on 5’ phosphorylation. Equally 
interesting is the observation that the value of È decreases by 
2.2 Hz on 5’ phosphorylation of uridine, indicating that the 
presence of the phosphate group increases the gauche—gauche 
(y == 60°) populations about C4’-C5° by a substantial 20-25%. 
These observations in the uridine series are very different from 
those of the adenosine and guanosine series and agree with the 
projections of a conformationally rigid nucleotide’. Com- 
parison of the coupling constant data for cytidine, 3’~-CMP, 
5’~CMP and CpC in Lee et al? indicate that in the cytidine 
series, as in the uridine series, the 5’ nucleotide is conforma- 
tionally more rigid than the nucleoside; but unlike the uridine 
system, the mononucleotide conformation is not conserved in 
the dimer. 


Relevance to tRNA conformation 


From the foregoing discussion it is clear that the conformational 
properties of common nucleic acid components, oligo- and 


Fig. 4 100 MHz Fourier transformed 'H-('P) spectrum of 

poly(A) in 50% d,-DMSO and 50%, D,O at 86 °C, 0.05 M (top) 

and the computer simulation (bottom). The extracted coupling 

constants from simulation are only accurate +-0.5 Hz because 

of line broadening complications. It should be pointed out that 

the accuracy would be considerably less if phosphorus decoupling 
had not been used, 
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polynucleotides in aqueous solution are not governed by a com- 


‘mon principle such as the concept of a conformationally rigid 


nucleotide’:2. On the one hand in the adenosine and guanosine 
series, the backbones of the nucleosides and nucleotides are 
equally flexible, but on the other hand in the uridine and cytidine 
series, the nucleotides are relatively less flexible than their 
corresponding nucleosides. The concept that the conformational 
destiny of mononucleotides, as they become part of poly- 
nucleotides is ordained by their intrinsic conformations and 
that they maintain their isolated conformations in the polymer, 
is true when significant amounts of the polymer are in the 
destacked state. This is analogous to the solution conformations 
of coenzyme A and nucleoside diphosphohexoses which exist 
as a blend of mostly unfolded and folded conformers’: **. The 
conformational conservation breaks down as soon as the 
mononucleotides become integrated into the backbone frame- 
work of a biologically functional base-stacked polynucleotide. 
The nucleotidyl units in a base-stacked oligomer and polymer 
exhibit backbone conformations significantly different from the 
individual conformations of the monomeric components in 
aqueous solution. 

Even though our findings seem to support the reported 
presence of non-rigid nucleotides in tRNA”, we wish to 
examine our results with regard to the sophisticated structure — 
of yeast phenylalanine tRNA derived by Sussman and Kim™ 
by examination of the common features from three sets of 
atomic coordinates. These authors report the presence of 
extensive base stacking along the central core of the two 
molecular axes, that is, the amino acid arm and TyC arm 
make one axis and the dihydrouridine arm and the anticodon 
arm the other. The bases that are not stacked are D16, D17, 
G20, U47 and A76. Assuming that the structure of yeast 
tRNA?*e in crystals is the same as that in solution ~" from 
the present findings one may project that in the fully base- 
stacked regions of tRNA?®"* in aqueous solutions, the sugar- 
base torsion will occupy the anti domain, the ribose ring a *E 
pucker, the C3-03, C4’~CS’, C5’-O05’, 03’~P and O5-P 
preferring domains centred around @’ ~ 210°, y = 60°, 
@ ~ 180°, œ ~ 300° (~ 60°) and œ ~ 300° (= 60°). The 
present data do not enable us to make a distinction between 
right-handed stacks (w’/@ = 300°/300°) and left-handed loop 
stacks (@’/a = 60°/60°), even though @’/@ = 60°/60° stacks 
are expected only in the loop region. One would expect the un- 
stacked region comprising** D16, D17, G20, U47 and A76 to 
show conformational freedom and flexibility so much so that 
alternative conformers such as E, y  180°/300° become 
allowed. Because of the demonstrated conformational nexus 
in aqueous solution among sugar~base torsion, sugar-pucker, 
C3-03 torsion and w’/@ rotations (refs 15, 39; F. S. Ezra, 
C. H. Lee, N. S. Kondo, S. S. Danyluk, and R. H. S, um- 
published, and D. M. Cheng and R. H. S., unpublished) one 
would also anticipate that those fractional populations which 
exist in ?E conformations in the unstacked region will also 
populate in domains in which @’/@ ~ 180°/300°, @’ = 270° 
and the value of y, though still in the anti domain, several 
degrees above the ones encountered in the base stacked region. 
Our general conclusion is that in aqueous solution, conforma- 
tions of the individual nucleotidyl units of yeast tRNA?" are 
confined to the classically stable domains, as has been reported 
in crystals by Sussman and Kim“ and that non-rigid flexible 
structures are confined to that region of tRNA which is not 
base stacked. 
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by grants from the NCI NSF, and NIH. 





Received May 27: accepted August 23, 1976. 


1 Sundaralingam, M., The Jerusalem Symposia on Quantum Chemistry and Bige 
chemistry, 5, 417-455 (1973). 


572 


2 Sundaralingam, M., in Structure and Conformation of Nucleic Acids and Protein- 
Nucleic Acid Interactions (edit. by Sundaralingam, M., and Rao, S. T3, 
487-524 (University Park Press, Baltimore, 1975). 

3 Berthod, H., and Pullman, B., FEBS Lett., 30, 231-235 (1973). 

4 Young, D. W.. Tollin, P., and Wilson, H 'R., Nature, 248, 513-514 (1974). 

5 Viswamitra, M. A., Seshadri, T, P., and Post, M. L. , Nature, 258, 542-544 (1975), 

6 Neon A Kühlbrandt, ., and Achari, A., Acta Crystallogr., R32, 1850-1855 

7 Reddy, S$, B., and Viswamitra, M. A., Cryst. Struct. Commun., 2, 9-13 (1973), 

8 Seeman, N. C., Day, R., O., and Rich, A., Nature, 253, 324-326 (1975). 

? Tsai, a Jain, S. Œ, and Sobel, , Proe. natn. Acad. Sei. U.S. A., 72, 628-632 
(1975). 

10 Evans, F. E., and Sarma, R. H., Biopolymers, 13, 2117-2132 (1974). 

1i Evans, F. E., and Sarma, R. H., Cancer Res., 35, 1458-1463 (1975). 

i2 Evans, F. E., and Sarma, R. H., J. Am, chem. Soc., 97, 3215-3218 (1975). 

13 Sarma, R. H., and Mynott, R. J., J. Am, chem. Sot., 95, 1641-1649 (1973). 

14 Lee, C, H., and Sarma, R. H., Biochemistry, 18, 697-704 (1976). 

1S Lee, C. H., Ezra, F. S., Kondo, N. S., Sarma, R. H., and Danyluk, S. S., Bio- 
chemistry, 15, 3627-3639 (1976). 

16 Kondo, N. S, Ezra, F., and Danyluk, S. S., FEBS Lert., 53, 213 1975). 

1? Borer, P. N., Karr, L. 5., and Ts’o, P. O, P., Biochemistry, 14, 4847-4863 (1975). 

i8 Sarma, R. H., Lee, C. H., Evans, F. E., Yathindra, L, and Sundaralingam, M., 
J. Am. chem. Soc., 96, 7337—7348 (1974). 

19 Lee, C. H., and Sarma, R. H., J. Am. chem. Soc., 98, 3541-3548 (1976). 

28 Sarma, R. H., Mynott, R. d., Wood, D. J. and Hruska, F. E., J. Am. chem. Soc., 
95, 6457-5459 (1973). 


Nature Vol. 263 October 14 1976 


21 Lee, C H., aa Sarma, R. H., J. Am. chem, Soc., 97, 1225-1236 (1975). 

22 a a i., and Mynott, R. J., J. chem, Soc. a "Chem. Commun., 975-976 

23 Evans, F. E., and Sarma, R. H., J. biol. Chem., 249, 4754-4759 (1974}, 

24 Altona, C., and Sundaralingam, M, J. Am. chem. Soc., 95, 2333-2344 (1973). 

25 Davies, D. R, and Danyluk, $ eSa Biochemistry, 13, 4417-4434 (1974). 

26 Suck, D., Manor, P. C. Germain, G., Schwalke, C. H., Weimann, G., and 
Saenger, W., Nature new Biol., 246, 161-165 (1973). 

27 Chan, 5. L, and Nelson, J. H., J. Am. chem. Soc. , OF, 168-178 (1969). 

28 Tyo, P, 0. P., Kondo, N. 8. | Schweizer, M, P., and Hollis, D. P., Biochemistry, 
8, 997-1029 (1969), 

29 Evans, F, E., Lee, C. H., and Sarma, R. H., Biochem. biophys. Res. Commun., 
63, 196-214 (1975). 

30 Davies, D. B., and Danyluk, S. S., Biochemistry, 14, 543-554 (1975). 

3t Lee, aa? Evans, F. E., and Sarma, R. H., J. biol. Chem., 250, 1290-1296 
(197 

32 Chan, S. L, and Kreishman, G. P., J. Am. chem. Soc., 92, 1102-1103 (1970). 

43 Jack, Å., Klug, A., and Ladner, J. E, Nature, 261, 250-251 (1976). 

34 Sussman, ayy, and Kim, 5. H., Science, 192, 853-858 (1976). 

33 Kim, S. H., Prog. Nucleic Acid Res. molec, Biol., 17, 181 (1976). 

36 Sigler, P. B., Am. Rev. Biophys. Bioengng, 4, 477 (1975). 

37 Langlois, R., Kim, 8. H., and Cantor, C. R., Biochemistry, LEE, 2554 (1975). 

38 Robillard, G. T., Tarr, ©. E., Vosman, F., and Berendsen, H. J. C., Nature, 
262, 363-369 (1976). 

39 Singh, H., Herbert, M, H.. Lee, C. H., and Sarma, R. H., Biopolymers (in the 
press}, 





letters to nature 





Detection of hot gas in clusters 
of galaxies by observation 
of the microwave background radiation 


THe Uhuru (ref. 1) and the Ariel V (ref. 2) satellites have shown 
that many rich clusters are powerful sources of X rays. This 
emission has been interpreted either as thermal bremsstrahlung 
of very hot gas filling the clusters**, or as inverse Compton 
scattering of photons by relativistic electrons®®. Spectral 
evidence? has begun to favour a thermal origin for this radia- 
tion, implying the existence of large amounts of hot gas. 
Such gas would have a profound influence upon the dynamics 
of radio sources, and its mass might well be a substantial 
fraction of that of the whole cluster. Hot gas may therefore 
be a major constituent of the Universe, so that independent 
confirmation of its existence is extremely important. We 
present here observations of small diminutions in the cosmic 
microwave background radiation in the directions of several 
rich clusters of galaxies. This confirms the existence of large 
amounts of very hot gas in these clusters and indicates that their 
X radiation is thermal! premsstraniting and not inverse Compton 
emission. 

A necesary consequence of the existence of hot gas in clusters 
is the Compton scattering of the cosmic microwave background 
by hot electrons’. As a result, some of the microwave photons 
are redistributed with slightly higher energies, and the effect 
may be observed at radio frequencies as a small diminution 
in the background temperature. The magnitude of this effect 
is predicted to be ~ 0.5~ 107 K for the gas clouds associated 
with cluster X-ray sources (P ya, ~ 5x10? atom m~’, T pas S 
2.5% 108 K, / ~ 300 kpc (refs 4, 7)). Parijskij® has claimed to 
have detected this effect at a slightly higher (1.2« 107% K) 
level in the direction of the Coma cluster, but his result was 
marginal and in any case seems to have been implicitly 
withdrawn’. 

We present the first results of an attempt to detect this 
effect, using the 25-m telescope at the Chilbolton Observatory 
of the SRC Appleton Laboratory. We have observed 7 clusters, 
of which 6 are known to be X-ray sources. The remaining 
cluster (A2218) is very distant, so that no strong limits to its 
X-ray flux are available. It was included because it is a very 
rich cluster (richness 4 on Abell’s scale) and was known not 
to contain any non-thermal radio sources likely to mask a 
diminution in the intensity of the microwave background. 


The Coma cluster (A1656) was included, although it is 
confused by the weak radio source 5C4.85 (36-+6 mJy at 
10.6 GHz), for which a small correction has been made. Upper 
limits on the radio flux density from the other clusters are < 100 
mJy at 1,400 MHz, though A478 is only 43’ distant from the 
bright radio source 3C109 and no limit on its flux density has 
been published. 

To minimise the effect of non-thermal background sources, 
it is desirable to observe at the highest possible frequency 
compatible with atmospheric stability. A frequency of 10.6 GHz 
was chosen, at which the Chilbolton aerial has a half-power 
beamwidth of 4.5’. Observations were made using a twin-beam 
system, the beams being separated on the sky by 14° in the 
azimuthal direction, which is just sufficient to take the 
reference beam beyond the central regions of the largest cluster 
(Coma). Ideally, the beams should be more widely separated 
than this, but atmospheric irregularities and distortion of the 
off-axis beam then become severe problems. The receiver 
included an uncooled one-stage parametric amplifier, having a 
noise temperature of ~ 280 K and a bandwidth of ~ 200 MHz. 
The output time constant was | s and samples were taken at 
0.5-s intervals. The two beams were alternately directed at 
the centre of a candidate cluster for 20 s at a time; after a 
complete cycle the mean (x,;) and standard error (o,) of the 
80 samples (~ 20 independent samples) were stored on-line 
in a Ferranti ARGUS 500 computer. This ‘wagging’ procedure 
was continued until, at the end of an allotted observation 
period (~4 h), the cumulative mean and s.d. were derived, 
weighting the individual observations by  1/(0,?+-x,?/2) 
This latter term proved to be an effective gate against spurious 
high-significance measurements, caused by either atmospheric 
irregularities with time scales ~ 1 min, receiver drift, or occa- 
sional interference from radar. The system was calibrated at 
regular intervals by injecting a known noise signal into the main 
beam. The antenna temperatures measured in this way were 
then converted into equivalent sky temperatures, using radio 
sources of known flux density and the measured beamshape to 
determine the aerial efficiency (55°4). We have also attempted 
observations using drift scans. This method is, however, 
particularly sensitive to atmospheric irregularities and was 
abandoned in favour of the wagging technique. 

The results are given in Table 1. They represent a total of 674 h 
of observations in 12 weeks during 1975 Nov—1976 June. 
They show the temperature of background radiation in the 
directions of the centres!’ of the 7 Abell clusters, relative to a 
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Table 1 Data obtained 


Cluster Temperature (+ s.d.) yeay nl 
(10-3 K) 

A376 —0.13+0.66 1.75¢ 
A478 +-0.33 +0.52 — 1.09 
A576 —~ 0.71 +0.57 0.34 
Coma* —1,51+0.40 — 1.89ł 
A2218 ~~ 1.94+0,54 1.92+ 
A2319 —0.13 +0.41 0.38 
A2666 —0.27 +0.35 0.42 
Blank Sky —0.01 +90.32 —0.39 





`*Combination of two different positions (see text). 
tSlightly discordant. 


peculiarly weighted mean of the temperature over arcs 14° on 
each side of the centre. Each value is the result of many observa- 
tion periods, and statistical tests have shown that the data are 
generally concordant and conform rather well to the expected 
Gaussian distribution. All results have 4/7%?--«/(a—1)<2, 
where n is the number of observation periods, so that consider- 
able reliance can be placed on the final standard errors. The 
result for the Coma cluster is the weighted mean of two 
different positions, one of which is coincident with the centre 
of the cluster (a = 12 h 57 min 24 s, ð = 28°15’) and is only 
3.16’ from 5C4.85. A correction of —1.35+0.25 x 107° K 
has been calculatea from the measured beamshape and flux 
density of 5C4.85 and applied to this result. No significant 
correction is required for the second position (a = 12 h 57 min 
37 s, 6 = 29°13’). For comparison, the uncorrected average 
value for coma is — 1.02 + 0.40 x 107° K. The ‘blank sky’ 
observation was included to guard against the possible existence 
of systematic errors. The value shown is the weighted mean of 
three different positions, each chosen to have the same declina- 
tion as either A576 or A2218, thereby ensuring that the ob- 
serving conditions were nearly identical to those prevailing 
for the clusters themselves. No evidence of systematic errors 
was found. At our observing frequency, confusion from 
non-thermal background sources is expected to be ~ 0.1 x107? 
K (J. V. Wall, personal communication), 

It will be seen that, apart from A478, the results are in the 
expected sense and amount to a marginal detection of the ex- 
pected diminutions at the predicted level of 0.5x10 K. 
The formal probability of obtaining results of this significance 
merely by chance is low, as may be seen from the value of 
x? (x? = 30.0) for all 7 clusters assuming that the effect is 
absent. With 7 degrees of freedom, this indicates that the results 
are inconsistent with the assumption of zero mean at the 
99.99% confidence level. This test takes no account, however, 
of the relevant fact that 6 out of 7 results are in the same sense. 
A further test is the value of the weighted mean of all the 
clusters, which is ~— 0.63 --0.17 x 107° K. It must be realised that 
this figure is only relevant as a test of the null hypothesis and 
has no particlur astrophysical significance. It should also be 
emphasised that no data have been rejected and that Table 1 
is a complete list of clusters for which we have results. Bearing 
this in mind, it is clear that the results are most encouraging, 
if not yet entirely conclusive. Observations with greater sensi- 
tivity are now proceeding, in an attempt to confirm the effect 
at a higher confidence level, and to measure the shape of the 
diminution for one cluster. 

These observations therefore strongly suggest the presence 
of hot plasma (> 10° K) filling clusters of galaxies. It seems 
highly probs" ‘e that the X radiation from these clusters is just 
the therm.’ .-1 ‘rahlung of this gas, and that previous 
inverse Compton interpretations can now be ruled out. Con- 
firmation of these effects will also show directly that the micro- 
wave background radiation is truly cosmic, and must have its 
origin beyond distant clusters of galaxies. 

We thank the Director of the Appleton Laboratory for 
facilities provided at the Chilbolton Observatory, and also for 
the assistance of his staff, particularly Drs P. C. Barber and 
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Visibility of galaxies 

It is well known that our counts of galaxies could be seriously 
biased by selection effects, largely determined by the brightness 
of the night sky. To illustrate this, suppose the Earth were 
situated near the centre of a giant elliptical galaxy, then the mean 
surface brightness of the sky would appear some 8-9 mag 
brighter than is observed from our position in the Galaxy 
(~ 23 V mag (arc s)~? looking toward the galactic pole, discount- 
ing atmospheric and zodiacal contributions'*). Optical astron- 
omers would then find extragalactic space an empty void; 
spiral and irregular galaxies would be quite invisible and all they 
would easily detect of galaxies would be the core regions of 
ellipticals very similar to their own, They would be blinded to 
much of the Universe by the surface brightness of their parent 
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Fig. 1 Central surface brightnesses S, of exponential disks of spiral 

and irregular galaxies taken from Freeman? plotted against 

galactic type. Filled circles show most reliable data, open circles 

less reliable. Some of the original points, subsequently shown to 

be incorrect (K. C. Freeman, personal sae aria have 
been removed. (m = =- wy is at 21.65 B mag (arc s)? 


galaxy. But this blinding is clearly a relative matter and we 
should ask to what extent we are blinded by the spiral galaxy 
in which we exist, faint as it may appear by comparison, [ will 
argue that strong indirect evidence already exists that our 
knowledge of galaxies is heavily biased by the sky backgr 

and that the true population of extra-galactic space me 2 
different from the one we can see. 
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Begin by recalling two sets of observations applying to spirals 
and ellipticals respectively, that have been in the literature some 
time. Both are based on de Vaucouleurs’ discovery? that the 
radial surface brightness distribution o(r) of galaxies (apart from 
second order effects like spiral arms) can be described by the law 


1/8 
o(r) r 
wi] (=) o 


where a is a scale-length and B = 1 for spirals and 4 for 
ellipticals. Using equation (1) one can show that the total 
luminosity Lr is 


Ly = Lr) = [zwo dr = 


0 


(2B)! 


(log. 10)" roa(O)a* (2) 


In 1970 Freeman? collated the best photometry then available 
for spiral and irregular systems and found the surprising result 
that o(0) was virtually constant for the disks of all but a few 
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Fig. 2 Luminosities and radii of Fish’s sample of ellipticals. Only 

those points obtained using equation (1) are shown. Fish ob- 

tained some other data using velocity dispersions. The line is the 
best fit, with a slope of 2. 


galaxies in the sample. If we express o(0) in B mag (arc s)~2 and 
then write it as Są, then Freeman finds <S>, = 21.65 - 0.3 (see 
Fig. 1). 

Fish‘ had earlier discovered an apparently unrelated fact about 
a sample of well studied ellipticals: he showed that their binding 
energy Q varied as M*/? where M is their mass. Fish actually 
measured L and a for his sample, and then assumed that 
ellipticals generally have the same mass to light ratio. Disentang- 
ling the directly measured quantities from the assumptions 


i GM? Lr? 
Aq? 2 RM 3/2 R 
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But R (the radius) ~ a so, using equation (2), Fish’s law implies 
that 


=r . (0) = const 
Q 


for the ellipticals in his sample, which comprised most of the 
best studied individuals at that time. Fish’s raw data, not plotted 
in his paper, are shown in Fig. 2, and we see that Fish’s law is 
conceptually identical with Freeman’s, and can be stated thus: 
well studied bright ellipticals have a central surface brightness 
<S> g = 14.80 + 0.9 B mag (are s). 

When the two laws are placed contiguously in this fashion one 
begins to suspect that observational selection is responsible, 
though one is puzzled by the large discrepancy in <S,>, — 
Soe = 6.85 mag between the two galactic types. | now argue 
that observational selection can indeed account for both Fish’s 
and Freeman’s results rather simply, and even supplies the two 
different values of <S> with few assumptions beyond equation 
(1), which is well tested. 

Fish’s and Freeman's sample comprise the major proportion 
of galaxies for which careful surface photometry existed at that 
time. What criteria are used tn selecting galaxies for this type of 
investigation? De Vaucouleurs? has discussed this matter but 
there is no clearcut answer and, historically, apparent size, appar- 
ent area, apparent luminosity and surface brightness have 
probably all been important. The selection has, however usually, 
been based initially on photographic material. Because of the 
limited dynamic range of emulsions the real luminosity is not 
well measured, and to a first approximation at least, galaxies with 
large angular radii or areas will generally appear most luminous 
on a photographic plate. (The belated discovery of Zwicky’s 
compacts, many of which are highly luminous, testifies to this 
natural selection effect.) Our hypothesis is that it is the apparent 
radius rap (and area rap“) which gives a galaxy a spectacular 
appearance on a plate, and makes us believe that it is probably 
luminous and suitable for more detailed investigation. On this 
hypothesis the galaxies in the Fish~Freeman samples were there- 
fore probably chosen, consciously or otherwise, mainly for their 
apparent radii and areas in photographic surveys. 

For constant Lr and Sı (where S is the limiting surface 
brightness out to which diffuse objects are readily apparent ona 
photographic plate) intuition leads one to expect that rap will 
have a maximum as o(0) varies. Ifo(0) is low, even the central 


isophotes will lie close too , and r,, will be small; conversely, if 


o(0) is high, then by equation (2), a and hence rap will also be 
small. 

Ifo, is the limiting surface brightness corresponding to S, 
(where S, is o expressed in magnitudes) then equation (1) 


becomes 
1/8 
noa PENNE ee 
lozio S| ( es 


rap = 00.4)" (S. — So)? (3) 


Then: 


Using equation (2) to eliminate a from (3) we obtain 





l 1/2 
Fap ™ KL, | i | (0.4 log.10)° exp(0.46 SoS. me So)’ (4) 
L : 


where K is a normalising constant whose value can be obtained 
from any well studied galaxy, elliptical or spiral. Using NGC3379 
(refs 5, 6) with Fap in kpe and Lr in units of 10°Le, K = 1.20 x 
10~4 and the results are plotted in Fig. 3. As anticipated there are 
well defined maxima in Fap for the two types of galaxy. What is 
surprising is that the S, (ap = max) are separated for the spirals 
and ellipticals by 6.52 mag, which is in the right direction and 
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very close to the precise size required to explain both Fish and 
Freeman’s laws. Moreover, since for most plate material of 
interest here, Sı must be close to’ 24 B mag (arc s)~*, then 
So(fap = Max) = 21.83 for spirals and 15.31 for ellipticals, so 
the absolute values are close to those observed as well. Further- 
more the scatter in the spiral Sy (rap = max) would be smaller 
than for ellipticals as the observations demand. There are no free 
parameters in Fig. 3 for the B follow from equation ( lyand Ly 
changes only the vertical scale (see equation (4)). It is important 
to note that Lap, where Lap is the apparent photographic 
luminosity, also has a double peaked distribution similar to rap 
in Fig. 3, but the details are complex and for brevity we omit 
discussion of L „p here. 

What is one to make of the uncanny fit of Fish’s and Freeman’s 
data to equation (4)? Conservatively, one could argue that their 
data are not representative and that the fit is an unlikely co- 
incidence, but a coincidence none the less. Though this could well 
be correct it is not an heuristically useful hypothesis and we 
pursue it no further here. 

The alternative is to accept our hypothesis, and acknowledge 
that surprisingly powerful selection effects are involved in 
picking out galaxies which are apparently large and apparently 
luminous, and that only objects with a very narrow range of 
o(0) will be so selected. If this is true, and only further observa- 
tions can prove it to be so, then it is likely that our present 
knowledge of the galactic luminosity function is seriously in 
error, in that galaxies of all luminosities with o(0) different from 
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Fig. 3 Apparent radii r ap (solid lines) and areas nr p° (dashed) for 
ellipticals and spiral disks of total luminosity Lpg = 10°Lo pg, asa 
function of (S;, — S,). Radius scale on left, area on right. Chang- 
ing L varices only the vertical scale. The scale under the abscissa is 
based on the assumption that S; = 24 B mag (are s)~?. 


the Fish-Freeman values will be under-represented. Stated thus 
the hypothesis is hardly new. At one end of the scale Zwicky’s 
work has revealed the hitherto unsuspected compacts while 
Arp”, for instance, has demonstrated that the log L/log r plane is 
everywhere populated where it is detectable, and that there are 
no good reasons for believing that lower surface brightness 
objects, and parts of objects, do not exist. Fish’s and Freeman’s 
laws are then strong, but indirect evidence for this hypothesis. 

On this hypothesis galaxies are like icebergs and what is seen 
above the sky background may be no reliable measure of what 
lies underneath. An apparently insignificant dwarf may be the 
core of a large galactic system of either type. The resolved 
Sculptor/Fornax systems have S, as low as 25 B mag (arc s)~? so 
the whole range of S, between 25 and 15 could be populated. 
Conceivably the missing mass in groups, clusters and the 
Universe may be accounted for in this way. 

To test the selection hypothesis it will be necessary to move 
away from the narrowly selected range of objects with spectacu- 
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lar apparent radii. In a given region of sky all objects suspected 
to be non-stellar will have to be studied in detail. Since galaxies 
often contain both elliptical and exponential components it will 
be necessary to measure both S, and a for each component 
before Lr can be established. 

Such a systematic attack could take years. In the shorter term 
it is interesting to wonder if some few icebergs may be turned up 
by more ad hoc approaches: 

(a) Figure 3 reveals that the most dramatic gradient in Fap 
occurs for spirals with small Sı — So. The S.R.C. led survey 
should have a deeper S, than the [la0 and in some cases faint 
spirals on the Ila0 should show a dramatic increase in Fap M 
going to the Hlal. 

(b) The cores of both spirals and ellipticals commonly obey 
the de Vaucouleurs elliptical law. Insignificant-looking ellipticals 
may sometimes be the tips of giant low-o(0) spirals which should 
therefore contain hydrogen. A quick 2l-cm survey of a large 
number of dE might be interesting since Fisher and Tulley’s 
sample® contains few dE (dwarf ellipticals). 

(© Although the spiral and H H regions of a galaxy generally 
represent only a small fraction of the total light, they do have a 
higher contrast against the night sky. Deep Schmidt plates at 
wavelengths designed to enhance this contrast (for example 
Ha) may show some spiral arms with no underlying disk. Ring 
galaxies may be objects of this type. 

(d) Some systems show signs of tidal interference with no 
apparent cause. ‘Dwarfs’ in the vicinity warrant careful 
examination. 

(e) Galaxies are often a composite of the two types. Take a 
disk with S, = 21.65 mag and add to it an elliptical component 
with the same S, and Ly; equation (4) gives the elliptical 
F ap aS 7% of the disk f a p and so the core will appear insignificant, 
though it represents the tip of a massive halo. H may be possible 
to detect such halos by careful measurement of the core scale- 
length. 

(f£) Double radio sources with ‘empty fields’ may sometimes 
have at their centre a giant galaxy of low Sẹ which may be 
detectable with careful photometry. 

In opposition to the selection hypothesis in its most radical 
form we should point out that o(0)is not likely to be independent 
of the total mass, M, of the galaxy, and the giants (that is high 
mass objects) will in general have a higher of{0) and will not be so 
easily missed. But if we suppose that M and p are the important 
physical parameters for classifying galaxies then on dimensional 
grounds o(0) ~ MYP. o(0) for a giant of 10° Mo will then 
in general be less than 3 magnitudes higher than for an extreme 
dwarf of 10°Me which is a small difference compared to the 
total observed range of Sp between ~8 for extreme compacts” 
and 25 for Sculptor-Fornax systems, so this is probably not an 
important effect. 

Observations are urgently required to determine how impor- | 
tant surface brightness selection may be. 

I am most grateful to Ken Freeman for many stimulating and 
instructive conversations. 
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Trends m the climate of the North 
Atlantic Ocean over the past century 


THE dominant large scale phenomena determining the 
climate of the North Atlantic Ocean are the current systems 
of the Gulf Stream and the North Atlanti¢ Drift as well as 
the pattern of atmospheric circulation associated with the 
semi-permanent centres, the Iceland low and the Azores 
high. Recently, three long time series of data have become 
available which throw some light on the interactions be- 
tween these ocean—atmosphere systems and which appear 
to indicate the importance of advective processes, as opposed 
to upwelling, in determining Jong term variations in the 
surface temperature of the ocean. 

Interactions between the ocean currents and the atmos 
pheric circulation have been studied by Brooks! and sub- 
sequently by Bjerknes’. The latter postulated that long-term 
fluctuations in the sea-surface temperature of the North 
Atlantic were determined by such interactions and, in par- 
ticular, that periods of low sea-surface temperature corres- 
ponded with periods of intensification of the Iceland low 
and the Azores high and, hence, of the mid-latitude westerly 
winds. The increased wind was assumed to produce an 
intensification of the flow of the Gulf Stream. Bjerknes 
considered that a drop im surface temperature of the 
northern North Atlantic may be attributed to upwelling 
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produced by increased cyclonic wind-drag and also to an 
increase in the cold winds from North America. Working 
with data from the North Atlantic weather stations from 
1952°to 1965, Rodewald’ has confirmed that cooling of the 
surface waters of the ocean is associated with an intensift 
cation of the atmospheric circulation. 

The three long-time series of data referred to above are: 

(1) Data for sea-surface temperature, based largely on 
observations from ships in transit, are held in the marine 
data deck of the US National Climatic Centre. Monthly 
means Of sea-surface temperature for each 5° X5° quarter 
of Marsden squares 145 and 182 (see Fig. 1) have been 
made available to the author by the Pacific Environmental 
Group of the US National Marine Fisheries Service. These 
areas of the western approaches to Great Britain were 
selected because they have been well covered by ships and 
virtually complete monthly data are available from 1854 
to 1968, updated to 1973 by data supplied by the UK 
Meteorological Office. 

(2) As an index of changes in the strength of flow of the 
Gulf Stream, Martin‘ has recently presented a time series 
of data for mean sea level at points along the coast of 
Florida, for the period 1902—64. 

(3) Cohen and Sweetser® have provided a time series of 
freqencies of tropical cyclores in the Atlantic for 1871- 
1973. The positions and intenstties of the semipermanent 
centres reflect the conditions for the formation and move- 
ment of hurricanes and Namias* has shown that a southward 
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Fig. 1 a, S-yr running mean of average sea level 
6 at stations along the coast of Florida, redrawn 
6 Z from Martint. b, 7-yr running mean number 
Z of Atlantic tropical cyclones, redrawn from 


Cohen and Sweetser’. c, Smoothed variations 
4 of sea-surface temperature for Marsden square 
182B (50-55°N, 15-20°W). d, Smoothed 
variations of sea-surface temperature for 
Marsden square 145D (45—-50°N, 5-10°W). 
The variables in c and d were both smoothed 
by the application of eigenvector filters which, 
In both instances, were approximately equi- 
valent to 7-yr running means. Inset shows 
position of Marsden squares 145 and 182. 
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shift of the Azores high is associated with diminished hur- 
ricane activity. It follows that the frequency of tropical 
cyclones can be used as a guide to the long term changes 
in the intensity of atmospheric circulation over the North 
Atlantic. 

These three time series are illustrated in Fig. 1, all 
expressed as smoothed variables (see legend). The general 
similarities between the long term patterns of change are 
obvious, showing that low sea-surface temperatures in the 
North Atlantic are associated with a higher-than-normal 
flow in the Gulf Stream and a lower-than-normal frequency 
of tropical cyclones, indicating an above average intensity 
of the mid-latitude westerlies. Martin illustrated the rela- 
tionship between Gulf Stream flow and sea-surface tem- 
perature in an area off the west coast of Scotland (data 
from Smed’) and he considered that this supported the 
proposal by Iselin’ that strong flow in the Gulf Stream leads 
to a retention of warm water in the North Atlantic Gyre 
and a reduction in the flow of this water in the North 
Atlantic Drift, with a consequent drop in temperature. This 
conflicts with Bjerknes’ interpretation that cooling is caused 
by upwelling induced by increased cyclonic wind-drag: 

If the Martin—Iselin interpretation, based on advected 
changes, is correct, then one would expect the cooling and 
warming trends, measured at the sea surface, to be more 
pronounced during the winter and spring in the absence 
of vertical temperature stratification, while cooling by up- 
welling should be equally or even more pronounced during 
periods of summer stratification. 

Examination of the time series of sea-surface temperature 
data for individual months in Marsden squares 182 and 145 
indicates that, while a common long-term pattern of change 
is present in each month of the year, it was clearest in the 
winter and spring months, whereas during stratification 
(Schroeder) it tends to be obscured by higher frequency 
variations, presumably because of local fluctuations in radia- 
tion. Thus, these data clearly support the hypothesis that 
temperature change is produced by advective processes as 
opposed to upwelling. 

It would appear that the time series illustrated in Fig. 1 
provides a description, in relative terms, of the major climatic 
elements of the North Atlantic Ocean covering the past 
hundred years. It must be stressed that these series contain 
little or no evidence on which to base predictions; moreover, 
there are shorter-term phenomena of equal or even greater 
magnitude which influence both the atmospheric circulation 
and sea temperatures. Neverttreless, it is of interest to com- 
pare the long term history of varlations in sea-surface 
temperature with the more recent changes. Wahi and 
Bryson”, on the basis of Rodewald’s studies of data from 
the ocean weather stations, state that “it seems that we 
have experienced, in the past 29 yr or so, a change in 
Atlantic Ocean temperatures which amount, in the Gulf 
Stream vicinity, to about one-sixth of the difference between 
total glaciation and our present climate”; they also mention 
two other recent changes with equivalent magnitudes: the 
northward penetration of the monsoon rains in West Africa 
and a global increase in average snow and ice cover. The 
temperature series presented in Fig. 1 suggest that, although 
there has been a marked drop in temperature in the north- 
eastern Atlantic, it still has some way to go before attaining 
values similar to those for the 1920s and there is no evidence 
from any of the variables that the recent changes are in 
any way different from those of similar, or even larger, 
magnitude that have occurred during the past hundred 
years. 

An approximately 10-yr periodicity in sea-surface tem- 
perature variations has been reported for several areas of 
the North Atlantic by Maximov” (based on anlyses of data 
presented by Smed’ for the period 1900-1960) and also by 
Southward et al.”, for a station in the English Channel from 
the early 1920s. Both reports drew attention to a possible 
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relationship with the 10-11 yr cycle in the numbers of sun- 
spots. 

The sea-surface temperature data for Marsden squares 
182 and 145 have been analysed by a filter technique based 
on the calculation of eigenvectors of the matrix of serial 
correlations for a specified maximum lag. These analyses 
showed that the dominant systematic pattern of variation 
of the residual time series, following the removal of the 
long term trends contains considerable 10-11-yr periodicity 
which tends to be in phase with the sunspot cycle, with 
high temperature anomalies corresponding with sunspot 
maxima . 

The recent work of Parker” on pressure distributions in 
January and July for the period 1750-1958 clearly associates 
a deepening of the Iceland low in January with the descend- 
ing phase of the sunspot cycle. This is supported, in general 
terms, by the data presented by Lawrence of pressure dis- 
tributions for the month of June for the last eight sunspot 
cycles (1880-1960). The phase relationships are somewhat 
confused but the most likely implied association is between 
a deep Iceland low and positive temperature anomalies. 
This appears to conflict with the general pattern of intense 
westerlies and low temperatures. In this case, however, ¢he 
deepening of the Iceland low is associated with positive pres- 
sure anomalies in the area of the Barents Sea and therefore 
with an increase in southerly anomaly winds over the North 
Sea and at least some way out over the north-eastern 
Atlantic. This seems Hkely to account for the positive rela- 
tlonship between sea-surface temperature and sunspots at 
the English Channel station and may well apply to areas 
further out én the Atlantic. 

This study is part of the programme of the Institute for 
Marine Environmental Research, a component of the 
NERC; it was commissioned in part by the Ministry of 
Agriculture, Fisheries and Food. 

J. M. CoLEBROOK 


Institute for Marine Environmental Research, 
Citadel Road, 
Plymouth, UK 
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Mantle composition derived from 

the chemistry of ultramafic lavas 


ESTIMATES of the composition of the Earth’s mantle have been 
based on both geochemical and geophysical studies (refs 1-3). 
As might be expected, there are some discrepancies between the 
estimates particularly for Na,O and TiO,. Such discrepancies 
in part arise from uncertainties concerning the degrees of 
melting which many volcanics represent and, possibly, the 
restricted tectonic settings of the ultramafic nodules studied. 
High MgO basalts and ultramafic lavas, some of which have 
been termed komatiites‘ occur among the Archaean volcanic 
rocks. They represent exceptionally high degrees of melting (up 
to 50% or more) of peridotite source regions. Potentially such 
volcanics may be used to make a precise estimate of the compo- 
sition of their mantle source region. High MgO lavas are well 
preserved in the Archaean Belingwe greenstone belt of southern 
Rhodesia, where they form part of a sequence deposited 
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Fig. 1 Major and trace element compositions of ultramafic 
lavas rescaled to ignore the water content of the rock, The TiO, 
against MgO graph illustrates the method of estimating mantle 
composition. Regression lines with MgO as the independent 
variable give liquid compositions at 22%, and 32% MgO (Table 
1). X is the composition of the solid residue added to the 22° 
MgO liquid to give the 32° MgQ liquid during partial melting 


uncontormably on granitic crust®. We assume that the occur- 
rence of pillow lavas in this sequence containing both skeletal 
olivine spinifex (FOs, in a rock with 28° MgO, E. G, Nisbet, 
M. J. Bickle and A. Martin, unpublished) and skeletal olivine 


microphenocrysts indicates that these particular lavas have a 


composition close to that of the liquid. 
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(assuming that TiO, is partitioned completely into the liquid). 
The solid residuum im equilibrium with the 32% MgO liquid is 
constrained to lie between X and an olivine composition of 


evolves towards olivine. 


Here we present an analysis of these rocks. Only analyses of 
pillow lavas and thin (2-12 m) flows are considered since rocks 
with coarse spinifex zones or thicker ultramafic layers are less 
likely to represent liquid compositions. Because all of these 
lavas have undergone low greenschist metamorphism (relict 
clinopyroxene and olivine are preserved)’ we include only 
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Liquid 
composition 
at 22%, MgO Liquid 
composition tron 
from Fig. 1) at 32% MgO of X 
SiO, (%) 49.0 46.9 44.5 
ALO. HE 7 a 
Fe 
R 10.2 9.2 8.1 
MgO 22.0 32.0 43.2 
CaO 8.6 4.5 0.0 
| MnO 0.19 0:16 0.11 
t. 
& 
P 
No 0.12 0.21 0.32 
CrO, 0.4 0.43 0.48 
: 0.4 0.22 0.0 
Co (p.p.m.)t 24 14 0.011 
f 0.91 0.60 0.017 





Possible eur 
32%, pees d 
(2) is in 
with a of Possible source 
olivine and a een if 
orthopyroxene in 32% MgO liquid Average 
Composition of same ratio as X is in garnet 
Fo ss. Olivine (olivine Fo», brium lherzolite 
in a 33% orthopyroxene Fooas xenoliths in 
MgO lava’ Enss a) o kimberlite* 
41.41 45.9 44.8 46.2 
0.0 22 2.7 2.16 
0.0 0.4 0.6 
6.27 8.6 8.1 6.82 
51.6 40.7 40.8 42.0 
0.19 1.7 2.4 1.64 
0.12 0.08 0.11 0.11 
0.0 0.1 0.1 0.17 
0.0 0.025 0.025 0.15 
0.0 0.001 0.001 — 
0.51 -0.16 0.20 0.31 
0.18 0.20 0.24 0.35 
0.0 0.08 0.11, 0.12 
0.014 0.45 0.78 — 
0.006 0.20 0.33 — 





*Values for Na,O, K,O and P,O, in columns (5) and (6) are 
containing euhedral oll (E. G. Nisbet, 


approximated using 
M. J. Bickle, and A. Martin, unpublished data 


analyses from thicker but less altered ultramafic units 


). 
` +Olivine:liquid and orthopyroxene:liquid distribution coefficients of 0.01 and 0.002 for Co and 0.01 and 0.1 for Yb (ref. 10), are used to 


calculate their concentrations in columns (3) and (4). 


ad 


" those elements which are relatively unaffected by low grade 
metamorphism. REE patterns are considered not to have been 
significantly altered during metamorphism if they are smooth 
(without any marked kinks or unevenness) and parallel in diff- 
orent samples of similar rock types. 

The major and trace element composition of ten ultramafic 
lavas are plotted against their MgO contents in Fig. 1. Like 
some other Archaean ultramafic lavas, these have low incom- 
patible element contents and CaOQ—AlI,O, ratios around unity. 

' With the exception of Na,O and K,O all the variation diagrams 
show reasonable linear correlations (Fig. 1). The correlations 
permit an estimate to be made of the bulk composition of the 

' Material added to the melt (in a partial melting model) or re- 
moved from the melt (crystallisation model) as it progresses 

:' from 32 to 22% MgO. It is important to note that this material 
(henceforth termed X) need never have existed as a real solid. 
Its MgO content is taken to be that at TiO, = 0.0, since only 
olivine and orthopyroxene are likely to be in equilibrium with 
such magnesian liquids. The normative composition of X does 
in fact contain olivine and a significant amount of ortho- 
pyroxene. A similar MgO content is obtained for CaO = 0.0. 
Titanium was chosen as an incompatible element likely to be 
almost exclusively partitioned into basic melts* (minerals from 
harzburgite nodules have a very low TiO, content). 

, The chemical variation in Fig. 1 suggests that the melts must 

` have evolved leaving a residuum containing both olivine and 

‘c orthopyroxene. Moreover, the graphs of Cr,O, and Al,O, 

‘ against MgO indicate that reasonable initial mantle composi- 

‘, tions of these phases cannot control these trends. We consider, 
therefore, that the melts evolved in equilibrium with a solid 
residuum containing high NiO olivine and high Cr,O;, Al,O, 
orthopyroxene. 

Some constraints may be placed on the likely composition of 

_, the source by attempting to sum the compositions of the melt 
and residual phases in their correct proportions. 

Two estimates must be made: first, the MgO content of the 
source, from which the degree of partial melt needed to produce 
the 32% MgO liquid can be calculated. We arbitrarily chose 
MgO 41% (based on published analyses of ultramafic nodules), 

“ Second, we must estimate the composition of the residuum in 

A equilibrium with the most magnesian liquid observed at the 


surface (32% MgO). The Mg-Fe ratio of the residuum is 
likely to be greater than that of X. 

Estimates of the source composition have been made for two 
cases; an olivine : orthopyroxene residuum in the same ratio as 
the normative content of X; and a pure olivine residuum (similar 
to the Fo,,., olivine observed in an ultramafic lava’). Demon- 
strably neither of these situations can be correct but the actual 
source composition probably lay within these limits. 

The computed major element contents are remarkably similar 
to that of garnet Iberzolite nodules in kimberlites (Table 1). 
The total Fe and AJ,O, are slightly higher (Fe is dependent on 
the Mg:Fe ratio assumed for the residuum) and SiO, possibly 
lower than the average of lherzolite xenoliths (Table 1). If a 


“mantle MgO content of 37% were assumed, the SiO, content 


would be higher and the TiO, and-CaO content lower than 
pyrolite*. 

The concentration of the incompatible elements (TiO, CaO, 
K,O, NaO, REE and to a lesser extent Al,O, and MnO) in the 
source depend only slightly on the concentration of these 
elements assumed for the residuum (see Table 1). The calculated 
concentrations of compatible trace elements (NiO, Cr,O;) is, in 
contrast, strongly dependent on the composition assumed for 
the residuum. 

The REE patterns of the komatiites exhibit a depletion in 
light (relative to heavy) rare earths (Fig. 2). The Ce and Yb 
contents ‘of the source are reasonably well constrained between 
0.51-0.78 and 0.23-0.33 p.p.m. respectively. These estimates are 
less than the average chondrite value for Ce and between 1 and 
1.5 times chondrite for Yb and are significantly lower than 
previous estimates of REE abundances in the mantle (3-5 times 
chondrite, see ref. 8). This particular mantle segment was 
probably less depleted in light REE than the source of some 
modern mid-ocean ridge tholetites’. 

Our work shows thata source mantle similar in composition 
to modern garnet lherzolite nodules in kimberlites could have 
produced komatiitic liquids. A pyrolitic. source, even when 
extrapolated to similar MgO contents, is ‘enriched in TiO, and 
CaO and depleted in SiO, relative to the source of these koma- 
tiites.‘ Finally, if the approximately chondritic value of REE 
abundance in the komatiite source is typical of large portions 


of the upper mantle, then the degree of total REE enrichment 
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(relative to source) observed in both Archaean tholeiites and 
mid ocean ridge basalts may be much greater than had pre- 
viously been imagined®!?, 

We thank Pam Shreeve and Mike Hepher for their help. This 
work was supported by the NERC and the Archaean Crustal 
Studies Project of the University of Rhodesia. 
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Photochemical ozone in the 
atmosphere of Greater London 


ATMOSPHERIC pollution in Greater London is usually asso- 
ciated with high concentrations of smoke and sulphur 
dioxide, but continual changes in human activity can lead 
to other types of pollution. One example is the reported 
occurrence of elevated ozone concentrations indicative of 
photochemical activity’. I present details of the spatial 
and temporal variation of ozone concentrations experienced 
in Greater London during the summer of 1975. The data 
are presented, in part, with reference to the Greater London 
Council (GLC) guideline concentration for ozone of 0.08 
p.p.m. {l-h average)". Observations indicate that photo- 
chemical ozone in and around London is likely to have a 
dual origin, namely, the European continent (see ref. 4), 
and photochemical reactions involving locally emitted 
precursor pollutants. 

During the period May-September 1975 the Scientific 
Branch of the GLC monitored ozone at three sites in 
Greater London, two of which were located in suburban 
areas at Teddington and Hainault, with the third at County 
Hall in the centre. Teddington hes 18 km south-west and 


Concentration (p.p.m.)} 


Hainault 19km north-east of the centre. The suburban 
sites were equipped with ozone detectors operating on the 
principle of ultraviolet absorption. At County Hall a 
chemiluminescent ozone analyser was used. AH three sites 
were as far removed as possible from local sources of pollu- 
tion, especially heavily-trafficked roads. The ozone instru- 
ments were cross checked and calibrated at the beginning 
and end of the season against a constant ozone source, 
itself standardised against a neutral-buffered KI solution’. 
Further cross checks were made between the two types of 
instrument in polluted atmospheres. Ozone concentrations 
were recorded at 30-s intervals on magnetic tape suitable 
for computer processing. 

Figure | shows maximum hourly mean concentrations of 
ozone at each site during the monitoring period. Occur- 
rences of elevated ozone concentrations are superimposed 
on a background concentration of 0.02-0.04p.p.m. The 
background seems to represent the natural ozone content 
of the troposphere in this region, and is consistent with 
measurements reported for other parts of Britain’. With 
reference to the GLC guideline concentration the first con- 
clusions that can be drawn are: 


Fig. 1 Daily maximum hourly means of ozone: a, Hainault; 
b, County Hall; c, Teddington. 
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@ Durning May to September 1975 ozone concentrations 
exceeded the GLC guideline on approximately 15% of days. 
@ The guideline was exceeded for approximately 1004 at 
Hainault, 79h at County Hall and 129h at Teddington 
during this period. 

@ The highest hourly mean concentration recorded at these 
sites was 0.15 p.p.m. et County Hall, on June 26, 1975. 

A study of the meteorological records of the London 
Weather Centre shows that days wih high afternoon ozone 
concentrations generally coincide with both low early 
morning wind speeds, usually of less than 3 ms’, and high 
solar radtetion’. An association of oxidant incidents with 
inversion conditions as measured at Cardington, Bedford- 
shire, has also been found; it is statistically significant at 
the 0.1% level. During the summer of 1975 the GLC guide- 
kre was exceeded at one or more of the Greater London 
sites on 56% of occasions on which the 0500 Balthum 
ascem from Cardington registered an inversion strength of 
4°C or more. Conversely, for weaker or nonexistent 
inversions, the guideline was exceeded on only 4% of occa- 
sions. Figure 2 shows such information for the period June 
25—27, 1975. The key factor in the ozone incident of June 
26 is thought to be the development of a strong inversion 
during the previous might, which encouraged the buildup 
of locally generated oxidant precursor pollutants, oxides of 
nitrogen and hydrocarbons. These subsequently became in- 
volved in photochemical reactions during the sunkght hours 
of June 26. The sequence was not repeated the following 
day, when overnight cloud cover inhibited inversion forma- 
tion. 
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Isolated occurrences of high ozone concentrations, as on 
June 26 were, however, uncommon. Generally, days with 
high ozone concemrations tend not to occur singly, but over 
periods of several days or more’, and Greater London was 
no exception during 1975, with the main oxidant incidents 


Table 1 Comparison of wind direction (1100-1500) and ozone 
concentrations at Teddington and Hainault 





Date Maximum Ozone Wind 
(1976) hourly concentration direction 
mean (p.p.m ) (degrees) 
Teddington Hainault 
June 8 0.122 0.100 060 
June 10 0.088 0.065 020 
June 13 0.073 0.087 290 
July 27 0.104 0.054 120 
July 31 0.087 0.072 080 
August | 0.081 0.056 060 
August 3 0.116 0.084 120 
August 13 0.090 0.103 190 





occurring during June 7-12 and July 27-August 14. During 
the latter period the guidelne was exceeded on 14 of the 
19 days. 

A study of the appropriate Daily Weather Reports shows 
that on all days with high oxidant Jevels the synoptic con- 
ditions were dominated by slow moving anticyclonic cells 
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and/or weak synoptic pressure gradients. Anticyclonic 
conditions are generally characterised by light winds or calm 
conditions with clear skies. The latter lead to nocturnal 
inversion, which in turn encourages the buildup of precursor 
pollutants throughout the whole anticyclonic cell, and the 
consequent production of oxidants over large areas at any 
one time. Because the anticyclones are slow moving the con- 
ditions tend to persist for days at a time. It is also apparent 
that on most occasions these cells were centred on the 
North Sea, North Germany, or Scandinavia. Thus, southern 
Britain, including the Greater London area, would have 
been experiencing a light and predominantly easterly air 
stream of continental origin. This accords with the observa- 
tions of Cox ef al.‘, which indicate that photochemical 
ozone and its precursors may be transported into Britain 
from continental Europe. In fact, examination of air mass 
trajectories for 1975 by using the geostrophic wind, as cal- 
culated from the Daily Weather Report, shows that most 
air masses over Greater London on high oxidant days were 
of continental origin’. 

But a close inspection of the relative values of the maxi- 
mum hourly means at the Teddington and Hainault sites on 
high oxidant days on which there was a significant differ- 
ence in concentration between the two locations shows that 
the higher concentration is manifest at the site for which 
the incoming air mass had had the longest trajectory over 
Greater London (Table 1). In addition, on days character- 
ised by exceptionally long periods with low wind speeds, 
such as June 26, the highest measured concentration in 
London, and indeed in the whole of Britain (H.N.M. 
Stewart, personal communication), occurred in the city 
centre. 

The most likely explanation for these phenomena is that 
emissions of precursor pollutants from Greater London are 
reacting photochemically to produce oxidants, The locally 
generated precursors drift downwind during the late morning 
and early afternoon and produce higher ozone concen- 
trations on the downwind side, and possibly higher concen- 
trations still beyond the GLC boundary. On particularly 
calm days the precursors do not drift as far and maximum 
ozone concentrations tend to arise close to the maximum 
density of emissions, which is probably in central London. 
This ties in with the earlier mentioned observation that the 
GLC guideline was exceeded more in west than in east 
London, because local winds have tended to be from the 
eastern sector on high oxidant days. 

The picture which emerges is of two sources of oxidants 
contributing significantly to high ozone concentrations in 
the atmosphere of Greater London. First, during anti- 
cyclonic weather in northern Europe precursor pollutants 
collect over large areas in what virtually amounts to an 
outdoor smog chamber. Widespread elevated ozone con- 
centrations are thus formed more or less simultaneously. 
Ozone, which is rapidly destroyed at the Earth’s surface, is 
then able to persist for several days because low level 
nocturnal inversions, which form frequently under anti- 
cyclonic conditions, inhibit downwind mixing. This allows 
its transportation over distances of perhaps 1,000 km or 
more‘, with a possible influx to Greater London. Second, 
the same synoptic weather conditions favour the simulta- 
neous buildup of locally generated precursor pollutants, 
and the subsequent formation of oxidants in London’s 
atmosphere. 

With forecasts that road traffic will increase significantly 
in the next decade, continued vigilance is necessary so as to 
detect, at an early stage, any deterioration in the situation. 
Although it is apparent that corrective action, should it be 
required, must be taken in the context of Europe as a 
whole, the problem of local generation of oxidants warrants 
individual study as the optimum abatement strategy may 
vary from one region to another. 

I thank R. Hume for assistance with monitoring and Drs 
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Ozone levels in central London 


MEASUREMENTS of ozone and some primary pollutants, including 
oxides of nitrogen and total hydrocarbons, have been in 
progress at the Central London background site of this labora- 
tory since July 1972. A preliminary note’ discussed the early 
results from this site; here we present a statistical analysis of the 
relationship between ozone levels in Central London and some 
meteorological parameters measured at the London Weather 
Centre, ~0.4 km from the sampling site. The data were collected 
during the periods July-September 1972 and April-September 
in both 1973 and 1974, 

The sampling point at the site, which is located at Endell 
Street, Holborn, London, is ~ 1 0 m above ground, well removed 
from traffic or any particular pollutant source and is not 
unrepresentative of the background air in Central London. 

An analysis of the time of occurrence of the ozone maximum 
hourly mean concentration for all the days considered is 
summarised in Fig. 1. This conforms to the general pattern 
found in other studies'-? with a small percentage of maxima 
occurring in the earlier hours of the day, arising from the 
diffusion of stratospheric ozone and the majority of maxima, 
from photochemical activity, occurring between 1500 and 
1600 LT. It is interesting to note that relatively high (> 10.9 
parts per 10°) levels were observed late in the day (1900-2100LT) 
on some occasions, a fact which has been taken by Steinberger 
and Balmor? to be indicative of non-local production of ozone. 


Fig. 1 Time of occurrence of the maximum hourly mean ozone 

concentration at Endell St, London for the summer periods 
1972-1974, 
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Table 1 Analysis of the dependence of elevated ozone levels on wind direction 


Wind direction ee 
N* NE SE S SW wW NW 
No. of days in given direction 51 67 51 21 40 80 72 38 
Y%oftotal 12 16 12 5 10 19 17 9 
No. of days with [O, ]>8.0 p.p.10° in 
_ given direction 4 13 11 5 9 6 6 3 
No. of days with [O; ]>8.0 p.p.10° as 3 
-%4 of total in given direction(/) 8 19 22 24 23 8 8 8 








* Any direction from 337.5°~22.5° is taken as N, 22.5°-67.5° as NE and so on. 


An attempt was made to correlate the daily ozone maximum 
hourly mean concentration with average values for the whole 
day and the period 0600-0900 h for the primary pollutants 
NO, NO, and total hydrocarbons. No significant relationship 
was found. 

A preliminary bivariate analysis of the ozone levels and 
selected meteorological parameters indicated that the most 
important factors were maximum daily temperature, relative 
humidity and daily insolation. A stepwise multiple regression 
analysis was then performed using the logarithms of these 


3.0 P 


logeOzone concentration from equation (2) 





0 1.0 2.0 3.0 
loge Observed ozone concentration 


Fig. 2 Plot of values of ozone concentrations calculated from 
equation (2) against observed values. 


parameters as independent variables with the logarithm of the 
ozone concentration as dependent variable. The number of 
days for which valid data were available was 453. The regression 
equation obtained was 


[O,] pan 0.60 T°-#4 fo-3t H43 (1) 


where T is the maximum daily temperature (°C), Z is the total 
daily insolation (mWhcm~?) and H is the relative humidity 
(‘%). The multiple correlation coefficient obtained was 0.623. 
Adding wind speed to the regression gave no significant im- 
provement. An analysis of the residuals yielded a Durbin- 
Watson statistic of 1.145 indicating autocorrelation in the ozone 
levels. On including the logarithm of the previous day’s ozone 
concentration in the set of independent variables the multiple 


correlation coefficient improved to 0.712. The regression 
equation obtained was, in an obvious notation 


[Osh = 0.68 [Osh 9% T3 1°48 Ho Q) 


The partial correlation coefficients of the independent vari- 
ables are, in the order in which they appear in equation (2), 
0.44, 0.19, 0.24 and —-0.17, (all significant at the 13%% level). 

The standard error in reproducing observed ozone levels 
using this model is +2.1 parts per 10° (see Fig. 2) so that in pre 
dicting elevated levels, that is, those 28.0 parts per 10° this 
implies a confidence limit of -:~ 26%. We therefore present 
equation (2) as a model for ozone concentrations at the Central 
London background site. | 

We have attempted to analyse the effect. of wind direction as 
measured at the London Weather Centre on the ozone levels. 
The results of this analysis are shown in Table 1 and a plot of 
the percentage of days with wind from a given direction when 
levels > 8.0 parts per 10° occurred is shown in Fig. 3. It is clear 
from this histogram that the majority of elevated zone levels 
occur on days when the wind is from a direction ranging from 
north-east through to south. These conditions prevail, in 
general, when an anticyclone is present over the North Sea or 
north-western Europe when the air flow is from the Continent. 

It should be borne in mind that the wind direction as measured 
at a particular location, in our case the London Weather Centre, 


Fig. 3 Plot of number of days with ozone concentration 28.0 
parts per 10° expressed as a percentage (f) of the total number of 
days with wind in a given direction. 
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is not necessarily a precise indicator of the actual trajectory of 
the air mass which might be responsible for the transport of 
pollutants. Consequently further refinement of the model to 
include wind direction in a more quantitative manner, by 
stratifying the data in wind sectors for example, was not felt to 
be justified. 

From a consideration of the wind direction analysis and the 
times of occurrence of the elevated ozone levels it is likely that 
a significant proportion of the ozone measured at Endell Street 
is transported there, but further investigation would be necessary 
to determine the source areas. One possibility is that the con- 
tinental air mass contains precursor pollutants and produces 
ozone as it flows over north-western Europe giving rise to 
elevated levels even at rural sites well away from sources of 
pollution. Elevated ozone levels measured at Adrigole on the 
West Coast of Ireland lend support to this idea and Cox et al.? 
have discussed this point at length, concluding that ozone and 
precursors could be transported over distances up to 100- 
1,000 km. 

H. N. M. STEWART 
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Department of Industry, 
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Stevenage, Herts SUI 2BX, UK 
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Gravity counteracts light-induced 
inhibition of root growth 


THE view that roots are generally indifferent to light has 
recently been revised in the face of evidence that light can 
be inhibitory to the growth of some roots". The dis- 
covery"! that light affects the production of an inhibitor 
prompted the suggestion® that sensitivity to light in roots is 
related to the system controlling geotropic response, which 
is also dependent on the presence of an inhibitor, Since 
the onset of geotropic responsiveness in some roots is 
dependent on exposure to light, the suggestion seems 
well founded and attempts are being made to clarify the 
extent to which the mechanisms, triggered when light or 
gravity affects the root, are interrelated. The investigation 
described here was prompted by the report’ that roots of 
cress seedlings grown in Petri dishes in the light were 
stunted in comparison with similar seedlings in the dark. 
If light promotes geosensitivity, distorted growth could 
develop in a situation where the root is unable to realign 
itself, as for example when it is restricted to the horizontal 
plane. A study was therefore made of the influence of the 
plane of growth on the light-induced inhibition of root 
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elongation in cress seedlings, from which it seems that 
although light does not enhance geosensitivity, light-induced 
inhibition is manifest only in horizontally grown roots 
and can be prevented by subjecting the roots to a force 
field. 

Seeds of Lepidium sativum L. cy. Curled were moistened 
with 0.1 mM CaChk, pH 6.5, and left for 20h at room tem- 
perature in normal lighting conditions. Seeds which were 
at a uniform stage of germination-——the testa having split 
open but before the emergence of the radicle—were then 
placed with the radicles pointing downwards on a 11.5-cm 
circle of Whatman No. 1 filter paper in a glass Petri dish 
(115x18 mm) containing 6m! of 0.1 mM CaCl. For dark 
treatments Petri dishes were either sprayed externally with 
black paint or wrapped in aluminium foil. The dishes 
were placed on a bench continuously illuminated by 
a bank of fluorescent tubes giving an incident light intensity 
of about 20 W m™ at the level of the Petri dishes. The dishes 
were placed horizontally, parallel to the light source, or at 
angles of 10°, 45° and near vertical (85° to 90°). For the 
angled dishes side illumination was also provided but growth 
showed no dependence on the direction of the light source. 
Cress roots are not negatively phototropic. Root lengths 
were measured at 24-h intervals after treatment began, that 
is approximately 44, 68 and 92 h after the seed was wetted. 

Table 1 shows a comparison of root growth of seedlings 
in the light and in the dark as affected by the plane of 
growth. The reported inhibition’ of root growth in the light 
was evident in horizontal roots at 44h, and this inhibition 
continued into the following 2d, although with time the 
growth rate of horizontal roots in the light increased. With 
vertically orientated seedlings in the light there was no 
inhibition of root growth relative to horizontal roots in the 
dark. The ability of light-exposed roots to overcome light 
inhibition is clearly a function of the plane of growth, an 
angle of 10° having a discernible effect. At 45° the growth 
rate was not far short of that obtained on the vertical. 
Since the component of the Earth’s gravitational field in the 
plane of growth is determined by the sine of the angle sub- 
tended with the horizontal, an angle of 45° would produce 
a force of approximately 0.72 and therefore it would be 
expected that this slope would give a growth rate approach- 
ing that of the vertical. Roots growing in the dark also 
showed a positive response to being aligned with the Earth’s 
gravitational field but the percentage increase was much less 
than in the light. 

These results indicate that when the force of gravity acts 
on a seedling growing in a vertical plane the light-induced 
retardation of growth observed in the horizontal plane is 
largely eliminated. Two further questions are thus raised. 
First, is horizontal root growth inhibited in the light in the 
absence of gravity and second, is horizontal root growth 
inhibited in the light when the root is subjected to a force 
field applied on the horizontal plane? An answer to the 
first question was sought by placing imbibed seed on moist 
filter paper on the base of a crystallising dish which was 
illuminated and, with the base vertical, was then rotated 





Table 1 Effect of the plane of growth on the length (mm) of cress seedling roots in the light and dark 





Treatment Time of 
measurement 
(h) 0° 
Light 44 6.1 40.28 
68 15.7 +-0.66 
92 30.5-+0.91 
Dark 44 14.7 4-0.55 
68 39.5 -+1.42 
92 65.64-2.44 


Angle subtended with the horizontal 


10° 45° 85° 
10,5 -:-0.39 12.8 -4-0.40 16.1 +0.49 
35.3 -+1.73 43.2 -4-0,90 50.5 -4-41.06 
69.4 + 2.82 76.8 4-1.62 90.7 -+- 1.86 
17.1 4-0.63 20.3-+0.5] 21.3 -+0.46 
54.54131 56.04-1.35 60.2 -+0.71 
79.7 -+2.24 80.3 -+1.64 88.6 -+1.99 





Twenty seeds were placed in Petri dishes as described in the text and the growth of the roots was measured over 4d at 25 °C. The Petri 
dishes were clamped at the angles shown and care taken to ensure uniform illumination at an intensity of approximately 20 W m~?. Each treat- 
ment was in duplicate and the values shown are the mean + s.e. of 40 seedlings. 
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round a horizontal axis in the manner of a clinostat. The 
second question was answered by placing a circle of imbibed 
seed so as to form a hub on filter paper in a Petri dish 
which was then illuminated and spun at 150-200 r.p.m. 
(1-2g) in a horizontal plane. Table 2 shows that where the 
effect of gravity was neutralised, and with the root free 
from the restraints imposed by a horizontal barrier, a light- 
induced inhibition of root growth was still evident. But this 
inhibition could be overcome on the horizontal plane by 
applying a centrifugal force comparable with that of gravity. 

The question posed above concerning the geosensitivity 
of cress roots in light and dark was answered by making a 
90° rotation of Petri dishes containing seedlings growing 
vertically in the light and in the dark. In both cases the 
roots reorientated themselves with the field of gravity irres- 
pective of whether they were, or had been, in the light or 
in the dark. The light-induced root inhibition exhibited by 
horizontally grown seedlings is not therefore attributable 
to an enhanced geosensitivity not possessed by the seedlings 
grown in the dark. | 





Table 2 Effect of force field on the growth of cress seedling roots 


eae nmmn TSG a e A e 


Treatment Radicle length (mm) 
Light horizontal 6.7 +0.38 
As above with centrifugal force 17.8 +0.71 
Gravity neutralised 
dark seedlings 14.0 +0.71 
light seedlings 6.2 +0.20 





Seeds were imbibed for 20 h and then 20 seeds were placed in each 
of the dishes as described in the text and subjected to treatment for 
the following 24h at 25°C. The centrifugal force applied on the 
horizontal plane was between 1 and 2g. Gravity was neutralised by 
rotating the vertically-orientated dishes round a horizontal axis at 
5r.p.h. Values shown are mean + s.e. for each treatment. 


It is evident that in cress roots, growth is promoted by 
the longitudinal force exerted by gravity, one effect of 
which is to counteract the inhibitory effect of light. Not only 
root growth is promoted. As the steepness of the plane of 
growth increases so does the growth of the seedling, the 
cotyledonous leaves emerging and greening more rapidly 
than when horizontal. This points to an overall effect of 
gravity on the rate of hormone production or transport or 
both. 

The cress root is a classic object for the study of amylo- 
plasts, the gravity-sensing organelles present in the root 
cap'’*, Audus”® has suggested, on the basis of work by 
Sievers and Volkmann”, that mechanical pressure exerted 
by the amyloplasts on the membranes of the endoplasmic 
reticulum, or some other non-migratory cellular component, 
could result in the production of a regulatory compound in 
the root cap. This is envisaged in terms of a differential 
flow of inhibitor leading to a curvature of the root, but it 
seems reasonable that a preferred orientation of amylo- 
plasts should also give a minimum flow of inhibitor or an 
optimum flow of regulators. 

It has been suggested that root growth is controlled by 
two hormonal systems'®™™, Light is known to promote the 
acropetal movement of indolyl acetic acid in Zea roots” 
and it has been reported that the gravity-promoted basi- 
petal movement of a growth inhibitor in Zea is dependent 
on light”. The results reported here show that gravity 
can interact with light antagonistically in the overall control 
of root growth. Identical results have also been obtained 
with seedlings of Lactuca sativa and Brassica hirta in both 
of which the roots, in contrast to those of cress, are strongly 
negatively phototropic, and in both of which a pronounced 
light-inhibition on the horizontal plane is relieved on the 
vertical plane. This phenomenon might prove useful in the 
investigation of the changes in hormone production and 
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transport brought about by amyloplasts sedimenting under 


the influence of gravity. 
L R. MacDONALD 
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Heterochromatin polymorphism and 
colour pattern in the tiger swallowtail 
butterfly Papilio glaucus L. 


THe difference between the black mimetic and yellow non- 
mimetic female forms of the tiger swallowtail butterfly, Papilio 
glaucus L., is probably controlled by a locus on the Y (W) 
chromosome (cytoplasmic inheritance is less likely). Since the 
female is the heterogametic sex in the Lepidoptera black females 
should produce only black daughters and yellow females only 
yellow ones, and here we report cytological differences between 
the two. 

It is known that occasional yellow females arise from black 
ones and vice versa, and in our broods four black females gave 
rise to a minority of yellow daughters, and two yellow ones to a 
minority of black'. Haldane? suggested that these exceptional 
broods might be explained by occasional crossing over between 
the X and the Y chromosome, plus a position effect, such that 
black pigment is only laid down by the appropriate allelomorph 
when this is on the Y chromosome. Furthermore, he thought a 
position effect to be particularly likely because of the tendency 
for inert chromatin to be present on the Y chromosome. 

The difficulty with Haldane’s explanation of the exceptional 
glaucus broods is the fact that crossing over is believed not to 
occur in female Lepidoptera**. Our recent cytological evidence 
however, lends striking support to Haldane’s view that hetero- 
chromatin is involved in the expression of the black phenotype. 

We have examined some of our P. glaucus males and black 
and yellow females and found that the black females possess 
and the yellow ones lack the heteropyknotic sex chromatin body 
(Fig. 1) described by Smith® and later shown to be the hetero- 
chromatin on the Y (W) chromosome’. The yellow butterflies 
tested were the male and female descendants of two wild yellow 
females from New Jersey, and the female descendants of a yellow 
female from West Virginia. All were Smith negative. Among the 
descendants of three wild black females from West Virginia and 
one from Chicago, the males were again negative, but in con- 
trast all the females were Smith positive. Thus the black females 
and the (yellow) males are characteristic of the cytological 
picture of most Lepidoptera, whereas the yellow females are 
behaving like those of a minority of species where no hetero- 
chromatic body is found in either sex*. In the only other 
minority category known to occur, there is a body in both sexes, 
and in at least one species (Papilio machaon L.) the male is 
polymorphic for the presence or absence of the body (our work 
with W. Traut, in preparation). 





P. glaucus is widely distributed in North America, and we 
have not examined sufficient females from different localities to 
be certain that the 1:1 correspondence between female colour 
and heteropyknotic state in our study is not due to geographical 
heterogeneity in the cytological picture. The correspondence, 
however, suggests that in the exceptional segregating broods 
where the mother is black, the Y chromosome bearing the 
locus for the black gene is occasionally lost from the eggs of 
black females, who would then produce yellow daughters. It is 
more difficult to see how the body could be gained as it would 
have to come from a non-homologous chromosome. Possibly 
relevant is the fact that, as we noted’, all our exceptional broods 
stemmed from females which may well have been related and 
have a chromosome abnormality resulting in loss or gain of 
heterochromatin by the Y. 

There is another aspect of the Smith body in our work on 
P. glaucus. To be certain that the exceptional females were not 
mistakes due to the interchange of larvae between broods, we 
hybridised black P. glaucus females with the yellow mono- 
morphic allopatric species P. rutulus Lucas because the hybrid 
larvae are recognisable. This cross produced no adult females, 
so we backcrossed the male progeny to black P. glaucus. We 
obtained some broods which segregated for black and yellow 
females and others in which a proportion of the black females 
had various degrees of yellow scaling, but none was fully yellow. 
The segregation (25 pure black in 41 females) suggests a 1:1 
ratio, a situation quite different from that in pure P. glaucus. 
Since we began to use the Smith technique we have found that 
the only hybrid semi-yellow female (dissected and found to be a 
normal female) that has been tested possesses the hetero- 
chromatic body characteristic of black P. glaucus (Fig. Id): two 
of her all-black sibs also had the body. In the progeny of the 
backcross to yellow the body was absent. 

The segregation of yellow and black in the P. rutulus hybrids 
seems therefore to be due to an allelomorph suppressing black, 
introduced from P. rutulus. This is supported by the fact that the 
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Fig. 1 Nuclei of intestinal cells from P. glaucus. a, Male (from one 
of 21 adults examined); b, yellow female (27 examined); c, black 
female with heteropyknotic body (13 examined); d, semi-yellow 
female hybrid with heteropyknotic body (see text) (one 
examined). Butterflies were killed by squashing the thorax, the 
intestine was removed and fixed in 95°% ethanol for | h and 
stained in toto by the Feulgen reaction. Squash preparations 
were made permanent by the dry ice method’. All photographs 
were taken and printed at the same magnification, but individual 
cells may differ in degree of polyploidy. Length of bar, 10 pm. 


segregation in the backcross occurs in the progeny of females 
that were pure black P. glaucus. It seems therefore that the 
black form can be altered in two ways, either by bringing in a 
modifier not on the Y chromosome from the allied P. rutulus, 
or by a change on the Y chromosome associated with the 
absence of the heteropyknotic body within P. glaucus, 

It is important to know the state of the heteropyknotic body 
in the three allopatric species P. rutulus, P. multicaudatus Kirby 
and P. eurymedon Lucas, since the ancestral cytological state 
is likely to have been that found in black P. glaucus today (the 
majority situation) and it is interesting from the evolutionary 
point of view to know whether the heteropyknotic body has 
been lost and regained, or merely lost in yellow P. glaucus. 

We thank Mr George Barrett, Mrs Alison Gill and Mrs 
Winifred Cross for technical help, and the Nuffield Foundation, 
The Royal Society and the SRC for support. 

Since our manuscript was submitted adult females have been 
obtained from black P. glaucus females and P. rutulus Lucas. 
On July 8, 1976 two perfect females were made to eclose by Dr 
Axel Willig of the University of Ulm, using @-ecdysterone. The 
insects resemble the yellower intermediate backcross females 
and have a Smith body. 
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Diet influences attractiveness 
of urine in guinea pigs 


INTRASPECIES chemical communication with urine-borne sub- 
stances is widespread in mammals. Numerous reports have 
indicated that the nature of the messages transmitted in urine 
depends on such factors as the hormonal state, the age, the 
individual identity and the level of stress of the sender ^. I report 
here that information transmitted in urinary signals also depends 
on the diet of the sender. These findings have important impli- 
cations for the study of animal chemical communication systems’. 

Chemical signals have an important role in social interactions of 
the guinea pig. In seminatural settings, subordinate females spray 
males and other females with urine whereas males often spray 
females during courtship. Scent-marking behaviour in this species 
results in placing urine as well as glandular secretions throughout 
the environment*”. In laboratory studies, males spend more time 
investigating female conspecific urine than male conspecific urine, 
urine from other species, or water®’’. 

To examine whether the diet of an animal influences the 
information contained in the urine, 12 individually housed, 
sexually mature, socially experienced male guinea pigs were givena 
series of preferences tests (single-sample tests and two-choice tests) 
between urine collected from donors on different diets. The tester 
was always unaware of the source of the urine being tested. A 
finding that urine from one source 1s preferred to urine from a 
second source is evidence that the two samples possess different 
information. The urine to be tested was collected from adult, intact 
sexually non-receptive female and adult male guinea pig donors 
using metabolism funnels. Different donors were used in each 
experiment. All urine was frozen until shortly before use. In the 
first experiment, urine from four male and four female donors was 
used. Twenty-two hours before the first urine collection two female 
donors and two male donors, randomly selected, were provided 
with crushed (Purina) rat food (RF) and water. The other donors 
remained on (Wayne) guinea pig food (GPF). All donors’ food was 
removed and urine was collected during the next 2 h. Urine from 
donors eating the same food (GPF or RF) and from donors of the 
same sex (2 or 3-4) was pooled and two series of single sample 
tests®’’, separated by 2-d rest, were conducted. Each male was 
tested with 9 GPF urine, 3.3 GPF urine, 2? RF urine, 74 RF 
urine and water. The weights of the donors either increased slightly 
or remained constant during the 22 h on experimental diets. 

The results (Fig. 1) show that females ona RF diet produce urine 
which is less attractive than that of females eating GPF. This 
occurred even though the donors were fed the new diet for only 22h 
preceding urine collection. Even though the attractiveness of 97 
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RF urineis, however, depressed, this urine is still investigated more 
than $$ GPF urine, confirming the previously documented 
preference for female urine over male urine by male recipients”. 
To examine the generality of this finding, urine from female and 
male guinea pigs fed a semisynthetic diet (Reed-Briggs) was 
compared with urine from the same animals fed GPF using a 
simultaneous two-choice method”: ’. The urine collected when the 
donors were on a semisynthetic food was less attractive than urine 
collected when they were on GPF (Table |, experiments | and 2),in 
agreement with the RF results. When the donors were force fed a 
standard amount (approximately 16 g over 2 d) of either GPF or 
semisynthetic diet, the results were similar: GPF urine was 
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Fig. 1 Results of single-sample preference tests. The heights of the 
bars represent the mean (+ s.e.m.) time (s) that the male guinea pigs 
have their nose within approximately | cm of the urine from four 
sources and water, each presented singly. The four sources are: vy 
GPF, urme that was collected from females eating guinea pig food 
during the 22h preceding collection: v RF, urine collected from 
temales eating rat food over the same penod; da GPF, armecollected 
from males eating guinea pig food, 3.5 RF, urine collected from males 
eating rat food; water, charcoal filtered and deionised water. For each 
substance, cach animal had a total of two 2-min periods to investigate 
a sample (0.2 ml} which was placed in the centre of a clean glass plate 
(7.5 x 15.0cm). Each sample was tested individually in the subjects’ 
home cage, one sample each day. The order of presentation was 
randomised. Overall, there was a significant difference among the 
samples (represented measures ANOVA, F[4.44] = 21.9%, P< 0.001). 
Those bars not connected by a horizontal line are significantly 
different from each other (P <0.05, Newman-Keuls test). 





Table | Mean time (s) investigating each of the two guinea pig urine samples in five preference experiments. 
: l Choice 

Experiment Donors’ Chow Time (s) Donors’ Chow Time (5) P 
pr Guinea Pig 107.0 +18.7 ro Semisynthetic 44.14+7.2 <(,01 
id Guinea Pig 92.24+14.1 E Semisynthetic 36.3+7.] <00 
3 Guinea Pig 95.04 23.6 t  Semuisynthetic 37.44+8.7 < 0.01 
4 Guinea Pig 108.3 +21.2 eo Rat | SO.8+10.1 <O.01 

Sa Guinea Pig 36.9447 co Gunea Pig 30.8 +6.9 NS 
b Guinea Pig 57.2 +49.5 t Rat IG. 2+48 <0 QI 

c Guinea pig 33.2 48.4 co Guinea pig 33.4 47.6 NS 








Each experiment except 5 represents two 4-min choice tests with 12 or 13 subjects where the two samples to be compared were presented simultaneously to. 


a subject; in experiment 5, only one 4-min choice was conducted for each of the three tests. For all experiments the donors were four females except forchoice 
2, where four males served as donors. Probabilities based on two-tailed f tests for related measures. See text for further explanation, 
In choices | and 2, urine from donors fed GPF was diluted in the appropriate amount with deionised water before testin g since annals on semisynthetic 


diet drank more water and produced larger volumes of urine. 
NS, not significant. 
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preferred to urine from donors force fed semisynthetic food (Table 
1, experiment 3). One possible explanation for the pattern of 
results is that abrupt short term alteration of the diet stimulates 
physiological changes that result in the production and urinary 
excretion of some substance that the male guinea pig subject finds 
noxious. To examine this question, two female guinea pigs were 
raised from birth on crushed RF and water fortified with vitamin 
C. When the animals were well past sexual maturity, urine was 
collected and compared with urine from littermates reared on GPF 
from birth. A different group of 13 males was used as subjects in 
this test. As before, GPF urine was greatly preferred over RF urine 
(Table 1, experiment 4). 

Different groups of animals served as donors for each experi- 
ment described above reducing the possibility that the differences 
observed could be accounted for by inherent differential attractive- 
ness of urine from different animals. To eliminate completely this 
possibility, however, a final experiment was conducted. From four 
previously unused female donors of approximately equal age and 
weight, two were randomly selected to be on RF and the other two 
were to remain on GPF. Three pairs of urine samples were 
collected. Immediately before placing the donor pair on RF, urine 
was collected for 3 h from both pairs (a). Immediately after the one 
pair had eaten RF for 21 h, urine was similarly collected from both 
pairs (b). Finally, GPF was available to both pairs of donors then 
for the next 21 hafter which urine was collected a third time (c). The 
amount of RF consumed during the 2! h (25 and 28 g for the two 
donors) was similar to the amount of GPF eaten in the same period 
by the two control donors (26 and 27 g); similarly, body weight 
remained constant. All females were sexually unreceptive during 
the 3-d period. In several previous studies we have failed to find any 
change in the attractiveness of female guinea pig urine as a function 
of the stage of oestrus. When the three pairs of urine samples were 
tested using the simultaneous two-choice procedure, it was found 
that urine from both pairs of donors which was collected before the 
diet was changed (experiment 5a) and urine which was collected 
after both pairs of donors had been returned to GPF for 21h 
(experiment 5c) was equally attractive. Urine collected from 
donors immediately after one pair had been on RF for 21 h was, 
however, significantly less attractive than urine from donors on 
GPF (experiment 54). 

Leon® has demonstrated that the food eaten by a mother rat 
influences the odours emanating from her caecal contents. His 
data further suggest that the pups were attracted to odours 
possessed by their mothers as a result of learning. Analogous 
hypotheses have been suggested by Hendry eż al. for some insect 
pheromone systems”. In my experiments, the male guinea pig 
subjects experienced throughout their lives urine only from 
animals who had eaten guinea pig food. It is possible, therefore, 
that the preference shown for urine of guinea pigs fed GPF 
compared with urine of guinea pigs fed RF or synthetic food ts the 
result of some aspect of previous experience with either guinea pig 
food or with urine from animals eating such food. 

These data indicate that, in nature, male guinea pigs could 
discriminate among conspecific animals on the basis of previous 
dietary history. Although it is not surprising that dietary changes 
provide detectable differences in urinary chemical signals, the 
differential attractiveness of urine from animals on different diets 
shows that these differences have a communicative function. It is 
possible that information on the availability of a new food could be 
transmitted through urinary chemical signals. The importance of 
carefully controlling the diet in behavioural and biochemical 
studies of mammalian chemical communication ts evident. Fur- 
ther, these data illustrate the complex nature of the information 
conveyed in guinea pig urine. In previous chemical studies, it has 
been found that separation of urine by a variety of procedures 
resulted in several fractions of widely different chemical character 
and molecular weight being responsible for its attractive nature of 
conspecific males’. It has been suggested’ that a pattern of 
chemical substances may thus be involved in the urinary com- 
munication system of Cavia as well as in similar systems in other 
mammals. The data presented here further support these 
hypotheses. 
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Differentiation induced by 
cyclic AMP in undifferentiated 
cells of early chick embryo in vitro 


THE undifferentiated cells of the chick embryo in the 
post-nodal piece (PNP), obtained by a transverse cut at 
0.5mm posterior to Hensen’s node of stage 4 blastoderm, 
remain incapable of differentiation when grown in a variety 
of media or by chorioallontoic grafting technique. When 
combined with the region anterior to the streak, including 
Hensen’s node, however, the PNP would undergo normal 
differentiation similar to the embryonic axial structures'™’, 
suggesting that information might have been transferred 
from one tissue to another. Later studies by Butros’ and 
Niu and coworkers’ have shown that the PNP explants 
could be induced to develop into specific tissues, such as 
pulsating cardiac muscle tissues, when the explants were 
cultured in the presence of RNA isolated from the 
embryonic heart. The development was organ specific since 
RNA from kidney or thymus was incapable of inducing 
the heart formation’. To confirm this mode of differentia- 
tion in the PNP and to provide a meaningful biochemical 
interpretation to the phenomenon, we have begun studies 
examining the precise nature of the competent RNA and 
the sequence of events that leads to the formation of highly 
organised myofibrils. In a parallel study, we asked whether 
addition of exogenous cyclic AMP, which seems to be 
involved in control of morphological differentiation and 
biochemical changes in both normal and neoplastic cells 
(for review see ref. 6 and subsequent papers 7-15) would 
affect the development of the PNP in culture. Here we 
report that cyclic AMP, in the absence of exogenous RNA, 
can indeed produce specific morphological transformations, 
including the formation of heart-like pulsating tissues. 
Fertile Leghorn chicken eggs from Spring Lake Farms, 
New Jersey, were incubated at 38 °C to obtain the definitive 
streak stage, stage 4 (ref. 16). The area opacua was trimmed 
off from the explanted blastoderms of the egg and the 
PNP was obtained by transecting the area pellucida at 
0.6mm behind Hensen’s node to exclude totally the 
presumptive heart-forming region”. The PNPs collected 
from 20-30 eggs per experiment, were pooled together, and 
then divided randomly in batches of 3 each for in vitro 
cultivation. When the explants were cultured in the absence 
of cyclic AMP (control) the growth pattern of PNP was 
similar to that described previously’’’’. The primitive streak 
disappeared after 24h of incubation and patches of red 
blood cells appeared on the third day. No axial structures 
and twitching tissues were seen in any of the explants even 
after 10d of incubation (Fig. 1a). The absence of twitching 
tissues in all the control explants (see Table 1) indicated 
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that transection at 0.6 mm posterior to the node did exclude 
the entire presumptive heart-forming region from the PNP. 
In contrast, the addition of cyclic AMP (0.5 mM) caused 
striking changes in growth and development of the PNP. 
Not only did the primitive streak persist during the early 
stages, but it eventually grew to be equal in length to the 
whole explant, and in addition, a median structural out- 
growth (PSG) projecting from the anterior end of the streak 
became visible during the first 24h of incubation. The site 
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Fig. 1 Whole mounts of PNP cultured with or without cyclic 
AMP (0.5 mM). The cultivation was a modification of New's 
technique? as described earlier**. Three PNPs were placed on 
the yolk-free vitelline membrane (VM) previously mounted 
around a glass ring, with the epiblast in contact with the VM. 
After removing excess PC (Pannett-Compton) solution®* the PNPs 
were carefully flattened on the VM. One millilitre of the nutri- 
tive medium (NM)!® was then pipetted in each dish containing 
3 PNP. The medium contained 50 U ml ~ of penicillin and 50 pg 
ml- of streptomycin. The pH of the final solution after adding 
the supplements was 7.6. Cyclic AMP (0.5 mM) was added 
directly to the medium. Incubation was done at 38 °C and the 
PNPs were examined at regular intervals. All operations were car- 
ried out in sterile conditions. The PNPs were examined at regular 
intervals with a binocular microscope for changes in growth, 
appearance of the pulsating tissues and general morphology. 
The PNPs were photographed after staining with haemotoxylin 
and eosin Y at times indicated. a, — cyclic AMP, 72 h incubation; 
b, + cyclic AMP 40 h incubation; c, + cyclic AMP, 72 h incu- 
bation; d, +cyclic AMP, 96 h incubation. RBCs, patches of red 
blood cells; PSG, primitive streak outgrowth; BA, beating area; 
CT, cardiac tube. Magnification 30. 


of the outgrowth projection, that is, the anterior end of the 
primitive streak, was similar for all the cyclic AMP-induced 
PNPs. Further incubation resulted initially in the appear- 
ance of infrequent twitchings near the basal portion of the 
outgrowth (Fig. 1b) which changed on day four, into 
rhythmic and spontaneous pulsations resembling that of 
cardiac tissues in normal intact embryos. This was accom- 
panied by a progressive digression of the PSG, which was 
first transformed into a beaded string-like structure break- 
ing off eventually from the rest of the explant (Fig. Ic). 
After 4d of incubation cardiac tubular structures with 
rhythmic pulsations were visible (Fig. 1d). The steady rate 
of pulsations lasted 24d without supplementing the 
medium. An important difference between the cyclic AMP- 
induced growth of the nodeless streak and that of normal 
intact embryo was the absence of normal regression of 
the primitive streak in the former. 

An ultrastructural examination of the PNPs (Fig. 2) 
revealed that typical epithelial, mesenchymal and erythro- 
blastic cells were found in explants of both control and 
experimental groups. Scantily-dispersed endoplasmic 
reticulum, vesicular nuclei and a few mitochondria 
appeared to be the characteristic features of the un- 
differentiated PNP. However, all randomly selected PNPs 
grown with effective concentrations of cyclic AMP (see 
below) contained, in addition to the normal components, 
highly differentiated myoblasts which seemed to be similar 
in ultrastructural complements to the normal chick 
embryonic myocardial cells. Clearly evident were the 





Table 1 Effect of cyclic AMP and analogues on differentiation in PNP 


Additions 


Cyclic AMP (0.05 mM) 
Cyclic AMP (0.1 mM) 
Cyclic AMP (0.5 mM) 
Theophylline (0.5 mM) 
Theophylline (1.0 mM) 
Theophylline (2.0 mM) 


Cyclic AMP (0.1 mM) + theophylline (0.5 mM) 


Dibutyryl cyclic AMP (0.05 mM) 
Dibutyryl cyclic AMP (0.1 mM) 
Dibutyryl cyclic AMP (0.5 mM) 
Dibutyryl cyclic GMP (0.5 mM) 
Adenosine (0.1 mM) 

Adenosine (0.2 mM) 

Adenosine (0.5 mM) 


Adenosine (0.2 mM) -+ theophylline (1.0 mM) 
Adenosine (0.5 mM)-+ theophylline (1.0 mM) 


No additions (control) 


Details of culture condition were described in the legend to Fig. 1. 


No. of PNP treated No. of differentiated PNP* 
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* Differentiation was characterised by the appearance of spontaneous and rhythmic pulsations after 96 h incubation. In addition, characteristic 
myofibrillar structures were found in all randomly-selected pulsating explants when examined in the electron microscope. None of the explants 
of control series or those treated with non-effective agents contained myofibrils. 

+The number of PNP explants represents a cumulative total of several experiments. 


590 


orderly arranged myofibrils with intercellular apical junc- 
tions or intercalated disks as described previously’’**. These 
myofibrils were absent in the PNPs of control group 
and in those which did not differentiate into beating tissues. 
Measurements of the total protein content™ using three 





Fig. 2 Electron micrographs of cells of PNP after 96 h incubation 

with or without cyclic AMP. Electron microscopy was done in 

Dr M. Boublik’s laboratory at the Roche Institute of Molecular 

Biology according to O'Brien ef al.**. a, + cyclic AMP (0.5 mM); 

b, —cyclic AMP; Nu, nucleus; MF, myofibrils; Z, Z-bands; is, 

intercellular space; I, intercalated disk; Mt, mitochondria; 
G, Golgi body; Fi, filopodia; Me, mesenchyme. 
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PNP explants per assay, done in triplicate, revealed 
that each PNP of stage 4 blastoderm contained 9.0+1.0 ug 
protein, which increased to 21.+0.7 ug after 4d of 
incubation in the absence of cyclic AMP. However, the 
PNP which differentiated into beating tissues contained 
30.6+1.3 wg per protein per explant. Thus, the formation 
of myofibrillar structures, the acquisition of spontaneous 
and rhythmic pulsations, the appearance of distinct morpho- 
logical changes, such as the persistence of the primitive 
streak, and the increase in total protein content were all 
characteristic features of only those PNPs which received 
effective amounts of cyclic AMP and provided clear lines of 
evidence for a differentiative transition in the PNP. 

Cyclic AMP, at 0.5mM, was most effective, whereas 
concentrations below this level caused little or no differen- 
tiation (Table 1). Dibutyryl cyclic AMP, on the other hand, 
when used at similar concentrations appeared to be a poor 
inducer. Theophylline, which acts specifically as an inhibitor 
of phosphodiesterase and thereby increases the intracellular 
level of cyclic AMP”, also induced differentiation similar 
in microscopical examination to that caused by cyclic AMP. 
Furthermore, a synergistic effect was clearly evident when 
non-effective concentrations of cyclic AMP (0.1 mM) and 
theophylline (0.5 mM) were added together to the culture 
medium. These results led us to speculate that changes in 
intracellular levels of cyclic AMP might be responsible for 
the specific morphogenetic transformations in the PNP. 





Table 2 Endogenous levels of cyclic AMP in cultured PNP explants 





Cyclic AMP (Pmol pg protein) 


Incubation No } cyclic 
Time (h) Experiment additions AMP LADO +THEO 
0 | 0.019 0.023 0.020 0.026 
2 0.022 0.030 
12 | 0.030 0.490 0.070 0.100 
2 0.460 0.066 0.088 
48 | 0.058 0.730 0.040 
2 0.044 0.520 
96 l 0.050 0.690 0.125 0.091 





Endogenous levels of cyclic AMP were essentially determined 
according to Gilman™ and Brown ef a/.** and as described in Am- 
ersham/Searle Cyclic AMP Assay Kit, TRK 432. Exogenous cyclic 
AMP, Ado (adenosine), or Theo (Theophylline), 0.5 mM each, 
were added directly to the culture medium (NM) and the PNPs 
were placed on top of the vitelline membrane (VM) as described in 
the legend to Fig. |. At times indicated the explants were removed, 
washed 4 times with ice-cold Ringer's solution. Removal of ex- 
tracellular cyclic AMP was indicated by no further decrease in cyclic 
AMP with additional washes. The PNPs were homogenised in 5% 
trichloroacetic acid. The precipitate recovered after centrifugation 
was used for protein determination”! and the supernatant was ex- 
tracted thoroughly with ether and dried by lyophilisation. The dried 
material was taken up in Tris-EDTA buffer for cyclic AMP deter- 
mination. Three PNPs were used per assay and the assays were done 
in duplicate for each experiment. The numbers above represent an 
average of six PNPs for each time point. 


This assumption was tested by (1) a direct estimation of 
endogenous cyclic AMP levels and (2) by the exogenous 
addition of adenosine which is known to cause an elevation 
of cyclic AMP levels in a variety of tissues’ *, because of 
the direct activation of the enzyme adenylate cyclase by 
adenosine”. Intracellular cyclic AMP level was estimated as 
described in the legend to Table 2. The explants after 
incubation with exogenous cyclic AMP were washed 4 times 
with ice-cold Ringer’s solution. Removal of all extracellular 
cyclic AMP was indicated by no further decrease in cyclic 
AMP with additional washes. When cyclic AMP was added 
to the culture medium, there was a 25-fold increase in the 
intracellular cyclic AMP level after 12 h incubation (Table 
2). This increase represented about 70% of the total increase 
observed at 48 h incubation, which was the saturation level 
of cyclic AMP uptake. The 12-h-old explants were almost 
one-third in size and in protein content compared with those 
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cultured for 96 h. It would seem therefore that the uptake 
of cyclic AMP occurred predominantly during the early 
stages of incubation and was not directly related to the 
growth and increase in size of the explants 

Addition of theophylline and adenosine to the culture 
medium also caused a significant increase in the intracellular 
cyclic AMP levels (Table 2). The increase was, however, 
substantially lower than that observed with exogenous cyclic 
AMP, but was apparently sufficient to cause the 
differentiative transition in the PNP (see Table 1). A specific 
feature of the adenosine effect is the fact that it can be 
abolished by theophylline (methylxanthine), which acts as 
a competitive inhibitor of adenosine’. As shown in 
Table 1, adenosine, but not guanosine, could mimic the 
effect of cyclic AMP. The concentration of adenosine 
required for an optimum effect was lower than that required 
for cyclic AMP. This might be due to a differential uptake 
of these compounds by the PNP in the culture conditions 
used. The adenosime-stimulated differentiation was blocked 
effectively by theophylline. The inhibition caused by 
theophylline was diminished when adenosine concentration 
was raised from 0.2 to 0.5mM, indicating the competitive 
nature of these drugs. These effects of theophylline and 
adenosine on PNP were strikingly similar with those 
observed on cyclic AMP system in other tissues. Thus, the 
cesusts taken together strongly suggested that the observed 
changes in the PNP growth and development were caused 
by modulations in intracellular levels of cyclic AMP. 

The multiplicity of the effects caused by cyclic AMP was 
reflected by the formation of highly organised myofibrillar 
structures, acquisition of spontaneous pulsations and by the 
appearance of specific morphological changes described 
above. A recent report™ has confirmed these findings and 
has shown that in addition to heart-like tissues, neural 
tissues, notochord and nephric tubules were also noted. The 
concentrations of cyclic nucleotides required, however, were 
6-30-fold higher than those used in our studies. Reporter 
and Rosenquist™ have previously reported that cyclic AMP 
levels in the precardiac mesodermal area in head-process 
stage of the chick embryo was about 20 times higher than 
in kidney-forming, liver mesoderm, and in neuro-epithelial 
ectoderm regions. The authors suggested that the regional 
differences in cyclic AMP concentrations may indicate the 
possible involvement of cyclic AMP, a presumed morpho- 
gen, in early chick embryonic development. We believe 
that there is a relationship between the state of development 
of the cultured PNP explants and the changes in cychkc 
AMP levels together with the cyclic AMP-associted 
properties of cells, such as the changes in membrane 
permeability assembly of microtubules, and so on. But the 
relationship between the exogenous RNA-induced mode 
of differentiation™®®™ and that caused by cyclic AMP is 
yet to be ascertained. 

We thank Dr M. Boublik and Mr F. Jenkins for doing the 
electron-microscopic studies and Dr A. Blume for many 
helpful discussions. We also thank Mrs Dallas George for 
secretarial assistance. 
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Postnatal development of the synaptic 
organisation of the lateral 

geniculate nucleus in the 

kitten with unilateral eyelid closure 


CLOSURE of the eyelids over one eye during a well defined 
period of susceptibility in kittens has been shown to result 
in severe structural changes of the nerve cells in the lateral 
geniculate nucleus’. Neurones in those parts of the lateral 
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Fig. 1 The change in proportion of the symmetric synapses with 
in the glomeruli (a) and the extraglomeruler (b) 
of the binocular parts of lamina A and Ai of the la geni- 
culate nucleus in the normal kitten. The phase of rapid change 
occurs during the period of maximum susceptibility. Vertical 
bars indicate standard error; @, lamina A, O, lamina A1; thick 
part of the horizontal bar indicates period of maximum sus- 
ceptibility and thin part the period of decHning sensitivity. 
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geniculate nucleus which are related to the binocular visual 
field and which receive fibres from the closed eye are 
smaller than those in the laminae innervated from the open 
eye. The fact that cellular changes do not occur in the 
part of the nucleus related to the monocular visual field 
has led to the hypothesis that there is a process of com- 
petition or an imbalance between the neurones in the 
deprived and stimulated portions of the binocular parts of 
the laminae, whereas such competition is not present in 
the monocular segment’. We have examined the lateral 
geniculate nucleus with the electron microscope at different 
intervals extending through the period of susceptibility 
after monocular eyelid closure and in a parallel series of 
normally reared kittens. 

In nine kittens the eyelids over one eye were sutured 
together at the time of eye opening at about 10d of age, 
and these animals were allowed to survive for varying 
periods, the longest survival period being 100d. These 
animals were perfused at 24 °C with a mixture of 4% para- 
formaldehyde and 1% glutaraldehyde after a brief washout 
with a balanced salt solution. The lateral geniculate nucleus 
of both sides was removed from the thalamus, cut coron- 
ally into three blocks and processed for electron microscopy. 
After examination of I-um thick sections stained with 
toluidine blue‘, ultrathin sections were cut including the 
optic radiation and adjoining parts of laminae A and Al 
and from the monocular segment of lamina A. In all 
animals the sections were taken from the middle third of 
the anteroposterior extent of the nucleus, from about the 
middle of the mediolateral extent of laminae A and Al and 
from the monocular segment’ in the lateral part of lamina 
A. 

A study of the monocularly deprived lateral geniculate 
nucleus with the electron microscope showed that the de- 
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prived laminae underwent little qualitative change compared 
with the undeprived laminae, and as the differences in cell 
sizes are not so opparent in ultra-thin sections it was often 
not possible to determine which were the deprived and 
undeprived laminae. There was no change in the appearance 
of the cell somata and the constituent organelles, apart 
from a slight diminution in the amount of the granular 
endoplasmic reticulum, in the dendritic profiles, axons, 
axon terminals and glia; in particular the large retinal ter- 
minals showed no abnormalities either in their electron 
density or synaptic vesicle content. Thus, there is no 
evidence for degeneration either of the axons from the 
deprived retina, or of the constituent neurones of the 
nucleus, nor was there a glial reaction. In view of this un- 
expected absence of qualitative changes a quantitative study 
was made, and because of the evidence suggesting that the 
cells of the undeprived laminae in such experimental animals 
may have undergone some hypertrophy’, it was con- 
sidered necessary to compare the quantitative data in this 
series with corresponding data from the laminae in normal 
kittens of the same ages. The brains of nine normal kittens 
were therefore perfused in the same manner and ultra-thin 
sections for electron microscopy taken from corresponding 
parts of the lateral geniculate nucleus. 

Within the glomeruli the numbers and proportions of the 
asymmetric and symmetric synapses were counted, and their 
postsynaptic profiles were recorded at each age. No attempt 
was made to differentiate between the symmetric contacts 
formed by axon terminals and presynaptic dendrites. About 
25 glomeruli were sampled randomly from the binocular 
parts of each of the laminae of the lateral geniculate 
nucleus of both sides in the experimental brains, and of 
one side of the normal brains, and similar data from the 
monocular segments of lamina A were obtained. Between 


Fig. 2 The change in 
proportion of symmetric 
synapses with age in the 
glomeruli {a and b) 
and in the extraglomeru- 
lar neuropil (c and d) 
of the binocular segments 
of laminae A and Al of 
the ipsilateral (a and c) 
and contralateral (b and 
dì lateral geniculate nuc- 
leus after monocular eye- 
lid closure. On the 
ipsilateral side lamina 
Al has been deprived, 
and on the contralateral 
side lamina A. @, lamina 
A; O, lamma Al. 
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100 and 150 synapses were classified into these categories 
in each lamina, the total sample amounting to approxi 
mately 10,000 synapses. These counts were made from 
micrographs at a magnification of 16,000. The proportions 
of these two types of synapses were also estimated in the 
extraglomerular neuropil, approximately the same number 
being sampled as in the glomeruli; they were classified at 
the time of study on the microscope. 

Within the glomeruli of the normal kittens there is a 
phase of rapid increase in the proportion of the symmetric 
synapses from less than 10% at 20d to between 35 and 
40% at 55d, with relatively little further change up to 
110d (Fig. 1a) In contrast, in the extraglomerular neuropil, 
there is a steep fall in the proportion of symmetric synapses 
from 25 to 15% between 20 and 55d (Fig. 15). These figures 
confirm the qualitative observations that between 20 and 
55d there is a differentiation of the profiles within glom- 
eruli, especially an increase in the number of vesicle- 
filled presynaptic dendrites making symmetrical synapses; 
during this period the glomeruli also became more clearly 
segregated by their glial envelopes. The time course and 
degree of maturation finally attained is similar in both main 
laminae. The comparable data from the glomeruli and the 
neuropil from the experimental brains show no significant 
(two-tailed ¢ test, P>0.05) differences in the rate of develop- 
ment between the laminae in the normal and experimental 
brains and between the deprived and undeprived laminae on 
the two sides of the same experimental brains (Fig. 2). The 
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3 A comparison of the time course of the change in proportion 

synapses (@) with the other morphological changes 

which occur in lamina A of the lateral geniculate nucleus and 

optic tract during postnatal development in the kitten. Cell size 

(O) from Garey et a/.*, synaptic density (WD from 1 and 

myelination of opne tract fibres (O) from Moore et al.. Hori- 
zontal indicates period of susceptibility. 


proportions of the two types of synapses within the gtom- 
eruli and the neuropil of the monocular segment follow the 
same course of development as the binocular segments and 
there are probably no significant differences (P>0.05) in the 
deprived and normal monocular segments. 

An analysis has been made of the types of profiles post- 
synaptic to the asymmetric and symmetric synapses res- 
pectively within the glomeruli. At younger ages there are 
more relay cell dendrites receiving asymmetric synapses than 
presynaptic dendrites (for example, at 20d 90% of the pro- 
files postsynaptic to the asymmetric retinal boutons are relay 
cell dendrites), but in progressively older animals there is 
an increasing number of presynaptic dendrites receiving 
such synapses (at 70d about 70% of the postsynaptic pro- 
files are relay cell dendrites). This difference, however, may 
be more apparent than real because of the greater difficulty 
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in distinguishing between relay and presynaptic dendrites 
at earlier ages when the presynaptic dendrite is not so clearly 
differentiated. Similar comparisons cannot be made about 
the profiles postsynaptic to symmetric synapses because the 
number of presynaptic dendrites making synapses at younger 
ages is very small, and they are less definitely identifiable, 
but at 110d the majority of the symmetric synapses, like 
the asymmetric synapses, are on the relay cell dendrites. 
No statistically significant differences (P>0.05) were found 
in the postsynaptic profiles between the monocular and 
binocular segments, nor between the laminae of normal 
brains and the undeprived and deprived laminae of the 
brains of the experimental animals of the same ages. 

The numerical data used for the estimates of the pro- 
portions of the types of synapses and of the postsynaptic 
profiles have also been used to provide estimates of the 
mean numbers of synapses per glomerulus at different ages. 
These data confirm the qualitative impression that the num- 
ber of symmetric synapses in a glomerulus increases with 
age (for example the mean number at 20 d is 0.33 (s.e. 0.47), 
whereas at 110d it is 2.76 (s.e. 1.76) in lamina A; P<0.001). 
The mean number of retinal synapses does not show a sig- 
nificant change with age, so the explanation for the change 
in the proportions of the synapses that has already been 
noted is due mainly, and perhaps solely, to an increase in 
the number of symmetric synapses. The brains of the 
experimental series showed similar changes with age and 
significant differences (P>0.05) were not found between 
them and those of the normal brains. 

These electron microscopic observations show that there 
is a marked degree of development of the synaptic organisa- 
tion occurring during the period of susceptibility to effects 
of eyelid closure, but that there are no appreciable dif- 
ferences to be found between the nucleus in a normal brain 
and in those animals subjected to monocular eyelid closure. 
Thus, if the shrinkage of the neurones in the lateral genicu- 
late nucleus seen with the light microscope is associated 
with alterations in the retinal terminals or in the synaptic 
organisation, it must be at a level more subtle than that 
studied here. The cell shrinkage may be related to features 
of the intrinsic organisation, such as reciprocal and serial 
synapses, or to changes in the number of synaptic vesicles 
within terminals. It may, on the other hand, not be related 
to change in the lateral geniculate nucleus, but at the site 
of termination of the geniculo-cortical fibres in the visual 
cortex™'. The findings in the series of normal brains of a 
marked change in the proportions of synapses within glom- 
eruli and the extraglomerular neuropil between the ages 
of 20 and 55 d is further evidence that the nucleus is under- 
going a phase of rapid morphological development during 
the period of susceptibility to monocular deprivation. It has 
already been shown that during this period there is a rapid 
growth in the size of cell bodies within the nucleus’, in the 
synaptic density’, and in the degree of myelination of the 
incoming optic tract fibres’ (Fig. 3). It is of interest that 
within the glomeruli the change in proportion is due to an 
increase in the number of symmetric terminals, which, on 
present evidence, arise from intemeurones™'™, whereas in 
the neuropil the asymmetric synapses increase relatively 
more and these are probably predominantly the terminals 
of cortico-geniculate axons and collaterals of geniculo- 
cortical relay cels". A change, however in the proportion 
of intrinsic axons after monocular and binocular eyelid 
suture has been found in another major site of termination 
of retinal fibres, the superior colliculus in the rat, where 
the final phase of growth of intrinsic axons fails to occur 
after eyeHd closure’. This presents a paradox that within 
the superior colliculus unilateral eyelid closure has an effect 
on the attainment of the mature synaptic organisation, 
although no appreciable shrinkage of cells has been found, 
yet in the lateral geniculate nucleus, where there is a 
marked shrinkage of the neurones, there does not seem 
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to be any accompanying change in the synaptic organisa- 
tion. 
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Partial replacement of serum by selenite, 
transferrin, albumin and 
lecithin in haemopoietic cell cultures 


CuLTuRE media for mammalian cells usually require 
supplementation with serum to supply as yet undefined 
needs. Because the requirements are likely to be multiple, 
it is difficult to distinguish biologically between the effects 
of nonspecific ‘nutritional’ factors in serum and those of 
specific regulatory factors, Partial replacement of serum 
in these systems by chemically defined substances supplying 
the nonspecific needs would therefore represent a significant 
advance towards the definition of such specific factors. We 
have examined the role of several serum components in 
cultures of freshly explanted haemopoietic cells with this 
goal in mind. 

Red-cell precursors in freshly explanted mammalian bone 
marrow will proliferate to form colonies if the medium 
contains serum and the glycoprotein hormone erythro- 
poietin'’’. Similarly, colony formation by granulocyte/ 
macrophage precursors is dependent on serum as well as a 
specific glycoprotein colony-stimulating factor’. We de- 
creased the concentration of serum in these cultures until 
growth was limited. The serum concentration was made the 
only variable by maintaining erythropoietin or colony- 
stimulating factor at high and non-limiting levels. A mixture 
of a large number of known serum constituents was added 
to the cultures and restored growth. Elimination of the 
components one by one then established which were active 
and which were not. Four components--sodium selenite, 
transferrin, bovine serum albumin (BSA) and lecithin— 
accounted for all the activity of the mixture. We demon- 
strate here that in combination these substances replace 
most of the serum required for granulocyte/macrophage 
and erythroid colony growth and also facilitate some 
granulocyte/macrophage proliferation without added serum. 

Bone marrow cells from the femurs of BDF, mice were 
plated in modified Dulbecco’s medium (legend Fig. 1) made 
viscous with methyl cellulose’. Erythroid colonies of eight 
or more cells were identified’ after 2d of incubation, and 
granulocyte/macrophage colonies of more than 100 cells 
were scored after 8d. 

In these conditions, maximum numbers of erythroid 
colonies required the addition of 30% foetal calf serum. 
When the serum concentration was decreased to 1%, no 
colonies formed (Table 1). At this serum concentration, 
selenite, BSA and transferrin added individually had little 
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effect, while in combination they stimulated the formation 
of large numbers of colonies. Addition of lecithin to this 
combination caused no further enhancement. Omission of 
either selenite, BSA or transferrin from the mixture resulted 
in a significant decrease in colony growth, while omission of 
serum almost completely abolished growth. 

Maximum numbers of granulocyte/macrophage colonies 
ordinarily required the addition of 10-15% serum. When 
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Fig. 1 Dependence of colony formation on foetal calf serum 
concentration. a, Erythroid colonies, percentage of counts at 
30°, serum (240 per 10° cells), 0.5 erythropoietin units per mi. 
Ci, Nothing added; @, supplemented with 0.75% BSA, 
3.4«10°°M — transferrin+-t.6%10°°M FeCl, and 10°7M 
Na,seO,. b, Granulocyte/macrophage colonies, percentage of 
counts at 30%, serum (126 per 10° cells), plateau amounts of 
colony stimulating factor. (>, Nothing added; @, supplemented 
with BSA, transferrin/FeCl,, Na.SeOQ, and 3« 107M egg 
lecithin. Bars indicate standard errors. Cells were cultured at 
10° per mi in Dulbecco's modified Eagles MEM (Gibco H21) 
containing 0.8 %9 methyl cellulose and supplemented with 10-'M 
a-thioglycerol plus the following Gig mi: -alanine (25), 
L-asparagine.H.O (50). -aspartic acid (30), L-cysteine (70), 
i-glutamic acid (75), L-proline (40), Na pyruvate (110), vitamin 
B,, (0.025) and biotin (0.03). Human urinary erythropoietin was 
adsorbed on to benzoic acid and further purified on DEAE 
cellulose* and Sephadex G-100 (ref. 2). Colony-stimulating factor 
from serum-free mouse kidney cell conditioned medium? was 
partially purified by two passages over Sephadex G-150. BSA 
(Behringwerke, electrophoretically pure) was deionised over a 
mixed bed ion-exchange resin®, charcoal (Norit A) extracted? 
(pH 3, 55 °C, 30 min) and chromatographed on an AcA 34 gel 
column to isolate the monomeric form. Human transferrin 
(Behringwerke) was further purified on AcA 34 and prepared as 
a 125x stock (38 mg lyophilised transferrin + 48 ug FeCl,6H.O 
per ml) in Dulbecco's medium. Na.SeO, (Merck) was prepared 


containing 5°. BSA. Egg lecithin (BDH, > 95°) was dissolved 

in propylene glycol (25 mg ml `?) and diluted 10-fold to a 125 x 

stock solution in Dylbecco’s medium containing 5°, BSA. Plate 

concentrations of propylene glycol (0.08 °} were not inhibitory. 
Foetal calf serum was used without treatment. 
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Shira ro ASNAN: 


Table 1 Effect of BSA, transferrin (Tf) and selenite (Se) on erythroid 
i -colony counts 





Colonies per 10° 


Addition nucleated cells 

30° Foetal calf serum (FCS) 353 135° 

1% FCS 0 

1% FCS, Se 6+3 

1°, FCS, BSA 13-5 

1% FCS, Tf 442 

1°, FCS, Se, BSA, Tf 232 4-9 
— ,Se, BSA, Tf 743 

1°. FCS, —, BSA, Tf 117+ 

I Gy FCS, Se, mc Ge Tf 42 + 7 

1% FCS, Se, BSA, — 67-+10 





Concentrations of BSA, Tf and Se were as in Fig 1. 
*Standard error. 


serum was eliminated, no colonies formed (Table 2). 
Selenite, BSA, transferrin or lecithin had no effect when 
added individually to the serum-free medium. When added in 
combination, however, they stimulated growth of significant 
numbers of colonies. Although the colonies obtained in 
these conditions were generally smaller than those obtained 
with 15% serum, many contained at least 1,000 cells and 
were visible to the unaided eye. Omission of either BSA or 
transferrin from the mixture eliminated colony formation 
entirely and colony numbers were also reproducibly lower 
in the absence of selenite or lecithin. 

The serum-sparing effect of these substances is 
demonstrated in Fig. 1. The addition of selenite, BSA and 
transferrin reduced the serum required for maximum 
numbers of erythroid colonies from 30 to 2.5%. With the 
further addition of lecithin, the serum requirement for 
maximum granulocyte/macrophage colony growth was 
reduced from 10 to 2.5%. Again it was interesting that 
whereas erythroid colony formation was dependent on serum 
even in the presence of these substances, some granulocyte/ 
macrophage colony formation was possible in the absence 
of serum. 





Table 2 Effect of BSA, Tf, Se and egg lecithin (lec) on granulocyte- 
macrophage colony counts 


Colonies per 10° 


Addition nucleated cells 
15% FCS, 146 +9* 
None 0 
Se 0 
BSA 0 
Tf 0 
Lec 0 
Se, BSA, Tf, lec 37 +4 
wm BSA, Tf, lec 46 fe 7 
Se, -— , Tf, lec 0 
Se, BSA, — , led 0 
Se, BSA, Tf. —— 24-+3 





BSA was used in a concentration of 1.2%. 
Concentrations of Tf and Se were as for Fig 1. 
*Standard error. 


It is possible that the activities demonstrated for the 
proteins BSA and transferrin were attributable to trace 
impurities. Efforts were made to diminish this possibility by 
further purification of supplied materials (legend Fig. 1). 
Transferrin activity was not replaced by the equivalent 
amount of Fe** alone, nor was its activity reduced after gel 
permeation chromatography. Acrylamide slab gel electro- 
phoresis’ of purified BSA and transferrin in denaturing 
conditions (0.1% SDS, 0.1% B-mercaptoethanol, 2 ug of 
protein per slot) revealed only a single Coomassie brilliant 
blue-stainable band in both instances. 

We anticipate that the active substances reported here 
will prove to have similar nonspecific, serum-replacing 
activity in cultures of various other cells and tissues. 
Selenium, present in serum at a concentration of 
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1.4X10°7M (ref. 9), has long been recognised as an 
essential trace element in whole animal studies’, and 
McKeehan er al. demonstrated it to be a requirement for 
growth of human fibroblasts in culture”. The selenium- 
containing enzyme glutathione peroxidase is known to be 
present in leukocytes” as well as erythrocytes’. The require- 
ment for transferrin by maturing red cells is not surprising, 
since this iron-transporting protein, present in serum at 
4x 107° M (ref. 14), is known to be the major source of Iron 
for these cells. It was unexpected, however, that transferrin 
should also prove necessary for growth of granulocyte/ 
macrophage precursors. Taken together with the observa- 
tions that transferrin has a role in the proliferative response 
of human lymphocytes to PHA”, and in the growth of 
fibroblasts and pituitary cells in culture“, the finding 
suggests a much wider requirement for this protein than 
has been recognised. Among numerous conceivable func- 
tions of albumin, we consider the likeliest to be that of a 
buffer for components of the medium present in inhibitory 
amounts. This suggestion predicts that the albumin require- 
ment would diminish if the numerous defined components 
of the culture medium were adjusted to optimum levels. 

The straightforward interpretation of our observations is 
that a major role of serum in culture is to provide selenium, 
transferrin, albumin and lipids to the medium. Our 
results do not, however, exclude the possibility that these 
entities simply substitute for other unrelated substances 
provided by serum. Several agents that were expected to 
show activity did not enhance colony formation at low 
serum concentrations, provided that selenite, transferrin, 
albumin and lecithin were present and that erythropoietin 
and colony-stimulating factor were maintained at non- 
limiting levels. Among those tested were dexamethasone 
(2.5 107" M), insulin (2.5 107° M), testosterone (10 M, 
etiocholanolone and fluoxymesterone (3x107 MD, prosta- 
glandins E;, Es and Foe (5x10°°M), ZnCl (07 M), and 
cholesterol (3 x 107 M). 

Our observations have important technical implications. 
First, inclusion in culture medium of the active substances 
reported here greatly reduces the quantities of serum 
required, and in our experience has transformed several 
serum lots from inadequate to fully active. More important, 
we expect their routine inclusion in medium to simplify the 
search for more specific biologically active substances in 
conditioned media and serum by reducing the number of 
variables in the system. 
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Cell contact induces an 
increase in pinocytotic rate 
in cultured epithelial cells 


ENDOCYTOSIS Is the process by which cells internalise part of the 
plasma membrane in association with extracellular components: 
they engulf large particles by phagocytosis and internalise 
components in the fluid phase by pinocytosis. Discrimination 
of phagocytosis from pinocytosis has been based on the size of 
the particle and the amount of energy required to internalise it, 
phagocytosis being inhibited more readily by metabolic poisons 
than pinocytosis'"*. This is consistent with the view that more 
energy is required to internalise a large surface area than is 
needed for a small surface area. Vasiliev et al. described 
“contact inhibition of phagocytosis”: when cultured epithelial 
cells, but not fibroblasts, became confluent, the rate of phago- 
cytosis decreased considerably. I report here that confluent 
cultured epithelial cells are not inhibited in their ability to 
undergo pinocytosis, but exhibit a greater rate of pinocytosis 
than do non-confluent cells. This difference is not due to 
diffusable factors, but is the result of cell contact. 

Permanent lines of cultured epithelial cells of human (HeLa) 
or monkey origin (Mk) were grown as monolayers on plastic 
tissue culture dishes and maintained in Eagles MEM con- 
taining 10° calf serum, penicillin (5 U ml ~>) and streptomycin 
(2 U ml“). Cells were passaged routinely every 4-5 d. Pino- 
cytosis was measured using horse-radish peroxidase (HP) 
according to the method of Steinman et a/.5*, or }**]-albumin 
by Rhyser’s procedure’. HeLa cells took up HP linearly with 
respect to both concentration (not shown) and time (Fig. 1). 
The level of endogenous peroxidase activity in HeLa cells was 
essentially unmeasurable (< 0.1 ng enzyme per mg cell protein), 
and washing removed all non-internalised enzyme. These 
results support the conclusions of Steinman ef alë on the 
value of HP as a pinocytotic marker. I also observed that when 
the uptake of enzyme was calculated on either a per protein 
(Fig. la) or a per cell basis (not shown), cultures of HeLa cells 
plated at higher densities exhibited greater rates of uptake than 
those of lower densities. In spite of slight differences in the 
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Fig. 1 Cultures of different numbers of HeLa cells were seeded 
48 h before the experiment. Cells were then incubated in complete 
medium containing HP (1 mg ml") for the times specified. 
After incubation the monolayers were washed eight times with 
cold phosphate-buffered saline (PBS), incubated in PBS at 4 °C 
for 20 min and washed four more times. The monolayers were 
then solubilised with 0.1% Triton X-100 and HP was assayed 
as before®. Duplicate cultures were trypsinised and cells were 
counted. Protein concentrations were determined by the pro- 


number and enzyme assay. ^ 
©, 0.75 x 108 cells per plate. 
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absolute amount of HP taken up in different experiments 
(10-20%), there was a consistent difference in the rate of 
uptake between cultures seeded at different densities. This is 
demonstrated more strongly in Fig. 2, in which a wider range 
of cell densities was used. Similar differences in the rate of 
uptake were observed whether marker was presented to cells in 
fresh medium or medium conditioned by exposure to confluent 
cells for 3 d. 

Mk, cells are derived from a pool of normal rhesus monkey 
kidneys, and unlike HeLa cells, they have several characteristics 
typical of normal cells, such as density-dependent inhibition of 
growth and macromolecular synthesis, and an inability to 
grow in either suspension or soft agar’. I also observed that as 
Mk, cultures became more dense, the rate of pinocytosis 
increased, and stabilised only as they reached their saturation 
density (data not shown). Similar results were obtained if 
pinocytosis was assessed on a per cell instead of a per protein 
basis. Thus, a density-dependent increase in the rate of pino- 
cytosis is not unique to HeLa cells. 
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Fig. 2 Uptake of HP by different densities of HeLa cells. 

Different numbers of HeLa cells were seeded on plates 72 h 

before the experiment. Monolayers were incubated in medium 

containing HP (1 mg ml!) for 3 h and then processed as 

described for Fig. 1. Duplicate samples were taken and cells 
were counted. 


The difference in rate of uptake was independent of HP. 
When iodinated albumin was used as a pinocytotic marker, 
cultures of HeLa or Mk, cells at a higher density exhibited a 
greater rate of uptake than those at a lower density. 

To establish that the difference in accumulation of pinocytotic 
markers was the result of a difference in uptake, I measured the 
rate of intracellular inactivation of HP. Cultures of HeLa cells 
plated at different densities and exhibiting a twofold difference 
in uptake inactivated the enzyme at the same rate (Fig. 3). In 
both cases, the enzyme was inactivated with single exponential 
kinetics (correlation coefficient > 95°), yielding a half life of 
6.5h. HeLa cells plated at different densities degrade '**I- 
albumin at similar rates, yielding a half life of 16.4h. Thus, 
differences in the rate of accumulation reflect differences in the 
rate of uptake rather than degradation. 

The progressive increase in the rate of pinocytosis as cell 
density increased (Fig. 2) was independent of cell number but 
not cell density as the following experiment showed. Using 
small glass cylinders of different diameter, I plated a constant 
number of cells per dish. This procedure yields different cell 
densities, thus modifying the degree of cell-cell contact. I found 
that an increase in cell density gave rise to an increase in pino- 
cytosis regardless of whether the pinocytotic marker was 
presented to cells in fresh medium or medium conditioned by 
exposure to confluent monolayers. Thus, an increase in the 
degree of cell contact induced an increase in the rate of pino- 
cytosis. 

As the difference between rates of uptake by cells plated at 
different densities was the same in fresh and conditioned 
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Fig. 3 Rate of degradation of internalised HP. Monolayers of 
cells were incubated with HP (1 mg ml-t) for 20 h and then 
washed six times with cold MEM and twice with warm 
MEM + 10% calf serum. At the times specified, monolayers 
were collected and enzyme was assayed as described for Fig. 1. 
The symbols represent experimental data, the line is a computer- 
determined best fit to the data. At the end of the experiment the 
cultures had densities of 1.41 (A) and 3.81 x 10® (©) cells per 
plate. 


medium, I suggest that diffusable factors are not responsible 
for the difference in the rate of pinocytosis. I found that if 
cellular levels of cyclic AMP were increased by addition of 
dibutyryl cyclic AMP (1 mM) or caffeine (10 mM), the rate of 
pinocytosis in sparse cultures was not affected. 

The change in rate of pinocytosis in HeLa and Mk, cells 
occurs before any overt change in growth rate. For example, 
Mk, cells divide at a constant rate with a generation time of 
42 h until a density of 5.5 x 10° cells per cm? is reached*. HeLa 
cells divide at a constant rate until a cell density of 1.2 x 10° 
cells per cm? is reached, after which the rate of division decreases 
by 80-90% (my unpublished results). But before any change in 
growth rate, the rate of pinocytosis may change by a factor of 
four to six. This suggests that changes in the rate of pinocytosis 
are independent of inhibition of cell division. 

The cell types used in this study were of epithelial origin. 
It has been demonstrated, however, that L cells* and sarcoma 
180 cells (H.J.P. Rhyser, personal communication) of fibro- 
blast origin exhibit a density-induced increase in pinocytosis. 
Apart from the Mk, cell all these cells are derived from es- 
tablished tumours. Although Mk, has several characteristics 
typical of normal cells, it has been maintained in culture for 
16 yr; perhaps the density-dependent increase in pinocytosis 
results from adaptation to tissue culture. I am investigating 
whether primary cultures of epithelial cells exhibit a density- 
dependent increase in pinocytosis. 

Using either polystyrene beads (1.10 um in diameter) or Oil 
red 0-albumin emulsions, I have not been able to quantify the 
rate of phagocytosis in either non-confluent or confluent mono- 
layers incubated for up to 4h. Thus I cannot comment directly 
on “contact inhibition of phagocytosis”. It may be that the 
difference in phagocytosis is related to a change in the adhesive 
characteristics of the membranes of confluent cells, as suggested 
previously**®. Whether or not “contact inhibition of phago- 
cytosis” can be confirmed, my results show that it is not due 
to the inability of the cell to internalise plasma membrane. 
Contrary to expectation, the occurrence of cell-cell contact 
seems to enhance at least one membrane function. 

I thank Ms M. Nielson for technical assistance and Ms J. 
Morneault for typing the manuscript. This work was supported 


597 


by grants from the University of Connecticut Research Founda- 
tion and the NSF. 


JERRY KAPLAN 
Department of Physiology, 
University of Connecticut Health Center, 
Farmington, Connecticut 06032 


Received April 8; accepted July 13, 1976. 


1 Karnovsky, M. L., Physiol. Rev., 42, 143-168 (1962). 

2 Cohn, Z. A., J. exp. Med., 124, 555-571 (1966). i ags 

3 Petitpierre-Gabathuler, M. P., and Rhyser, H. J-P., J. Cell Sci., 19, 141-156 
1975). 

4 Vasiliev. S. M.. Gelfand. I. M.. Domina, L. U.. Zacharová, D. S., and 

Jubimov, L., Proc. natn. Acad. Sci. U.S.A., 72, 719-722 (1975). 

5 Steinman, R. M., and Cohn, Z. A., J. Cell Biol., 55, 186-204 (1972). 

6 Steinman, R. M., Silver, J. M., and Cohn, Z. A., J. Cell Biol., 62, 949-969 (1974). 

? Rhyser, H. J. P., Science, 159, 390-396 (1968). , 

ê Kaplan, J., and Moskowitz, M., Biochim. biophys. Acta., 389, 290-305 (1974). 

9 DiPasquale, X. X., and Bell, P. B., Jr, J. Cell Biol., 62, 198-214 (1974). — 

10 Lowry, O. H., Rosebrough, N. J., Farr, A. L., and Randall, R. J., J. biol. C hems, 
193, 652-275 (1951). 








Presence of membrane particles 
in freeze-etched bovine olfactory cilia 


WHEN an odorant molecule stimulates an olfactory receptor 
cell the electrical changes which are set up must result 
from some kind of interaction between the stimulant and 
the cell surface. Various theories of olfaction have favoured 
either lipids' or proteins’, as the principal site of odorant 
reception. Experiments distinguishing unequivocally between 
these alternatives have yet to be performed’, but there is 
growing evidence that the receptor is proteinaceous*”. 
Two other protein-containing receptors that have been 
extensively explored are rhodopsin” and the acetycholine 
receptors of skeletal muscle’ and electroplax origin’. All of 
these have been visualised in freeze-fractured preparations 
by electron microscopy as being related to particles 8-12 nm 


a 





Fig. 1 Freeze-etch replica of the surface of the bovine olfactory 

epithelium showing two receptor endings (re) and the apex of a 

supporting cell (sc). Note the broken basal portions of cilia at the 

surface of the sensory ending on the right, and two vertically 
cleaved cilia on the left ( « 25,000). 
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Fig. 2 Detail of Fig. 1 showing membrane features of two sen- 

sory cilia. In the cilium on the right, numerous membrane 

particles and part of a ciliary necklace (arrow) are visible on the 

exposed PF face. In contrast the EF face shown in the cilium to 
the left, bears few or no membrane particles ( x 90,000). 


across, embedded in the cell membranes of the sensory 
surfaces. If the olfactory receptor sites are indeed of a 
similar nature, one also might expect to find membrane par- 
ticles in the sensory cilia of olfactory receptor cells, but 
until now attempts to observe them have been unsuccess- 
ful", In this letter we report the discovery of high 
densities of membrane particles in the sensory cilia of bovine 
olfactory cells. 

Heads of male calves (1 month old) were longitudinally 
bisected and olfactory tissue on the cribiform plate and 
ethmoturbinates fixed in situ with ice-cold Karnovsky’s 
fixative’? buffered at pH 7.0, for 1 h, then excised and placed 
in fresh fixative for 2h. Tissue from the neighbouring 
ciliated non-sensory respiratory mucosa was also treated in 
the same way for control purposes. After washing in buffer, 
small pieces of tissue were soaked in 20%, cacodylate- 
buffered glycerol (pH 7.0) containing 0.01%, CaCl for 24h 
and were then fractured, etched and replicated in a Balzers 
GA-6 freeze etching device according to standard tech- 
niques”. Replicas were observed in an Hitachi 125E electron 
microscope at 125 kV. The nomenclature recently proposed 
by Branton er al.* will be used in this description. In the 
figures, shadows appear white. 

In addition to studies of freeze-etched material, pieces of 
tissue were also examined in sections by routine transmis- 
sion and scanning electron microscopy for comparison with 
the freeze-etched material. In this way, the olfactory and 
non-olfactory tissue could be unequivocally distinguished in 
both types of preparation. 

The general structure of the sensory tissue of the ox is 
similar to that of other mammals which have been studied 
with the electron microscope’. The surface of the olfactory 
epithelium is formed partly by the terminal knobs of sensory 
dendrites bearing an average of 17 cilia which possess short 
proximal portions averaging 1.7 um long by 0.2 um wide, 
tapering to long trailing distal regions 0.08 um in diameter 
and at least 30 um long: these distal portions are expanded 
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occasionally to form vesicles averaging 0.6 um across. The 
supporting cells surround and separate the receptor cells, 
and bear at their apices abundant microvilli which extend 
almost to the surface of the mucus layer covering the epi- 
thelium, the thickness of this layer being about 5 um. The 
neighbouring respiratory epithelium consists mainly of non- 
sensory columnar epithelial cells bearing motile cilia and 
a few microvilli, with occasional goblet cells interspersed. 

Freeze fractured and etched olfactory epithelia showed 
a pattern of recognisable sensory endings and cilia, and the 
surfaces of supporting cells. Membrane particles, 8-12 nm 
across, were present in abundance on the olfactory cilia, at 
the PF-face (A face) of the membrane (Figs 1-3), and over 
the whole of the exposed sensory surface of the dendrite. 
Particles were more numerous on the narrow distal ends 
of the cilia (6,000 um™~*) than on the more proximal ends 
(4,300 zm~*) or on the dendrite ending itself (3,400 um’); 
the mean density for the surface of the sensory ending was 
5,200 wm’. 





Fig. 3 The tapering distal portion of an olfactory cilium 
covered in closely packed membrane particles. The ring-like 
structure in the centre is a surface irregularity ( ~ 190,000). 


From measurements made on transmission and scanning 
electron micrographs it was calculated that each sensory 
ending had a surface area of at least 160 um’, bearing 
approximately 10° particles. The number of endings per 
cm? of epithelial surface was 5X10". Allowing for the 
volume occupied by receptor and supporting cell processes, 
the concentration of particles within the confines of the 
Sm layer of mucus at the epithelial surface was estimated 
to be 101°, which represents a molarity of 210° if 
each particle is assumed to be a single molecule. 

Close to the proximal end of each olfactory cilium, six 
rows of particles, corresponding to the “necklace” forma- 
tion in other cilia'*, could be distinguished. In contrast the 
cilia of the neighbouring non-sensory respiratory epithelium 
bore few membrane particles (average 300 m *) although the 
proximal ‘necklace’ was present, as described by other 
authors” (Fig. 4). Membrane particles were, however, seen 
on the short microvilli interspersed among these cilia. Few 
particles were found at the EF-face (B face) of the mem- 
branes of either the olfactory or non-olfactory tissues. 

The particles found in the sarcolemma at neuromuscular 
junctions and in the rod outer segment are similar in pack- 
ing density to those described here’’’. Membrane particles 
have been shown in several cases to be proteinaceous” and 
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Fig. 4 The basal region of a non-sensory cilium from the res- 
piratory epithelium. Note the scarcity of membrane particles 
distal to the necklace ( x 184,000). 


it can be predicted that the olfactory ciliary membranes are 
appreciably richer in protein than, for example, those of the 
motile respiratory cilia. Although the particles could repre- 
sent ion conductance channels, or some purely structural 
feature, it seems reasonable to suppose they might also be 
the receptor sites responsible for binding odorants. Their 
presence in such high densities may be correlated with the 
sensitivity of the sensory cells to low concentrations of 
odorants, and also with the hypothesis that many classes 
of receptor site, responding to different odorants, may be 
present on individual sensory cells’’. 

We thank Mr H. Woodgate for excellent technical assist- 
ance with electron microscopy, the Botany Department, 
Nottingham University for providing freeze-etch facilities, 
Professor E. P. Köster and Dr P. Ververgaert for their 
encouragement and for valuable discussions, and the MRC 
for financial support. 

Note added in proof: Similar particles have recently been 
found in mouse olfactory cilia”. 
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Inhibition of PEP-carboxykinase 
in rat liver by polychlorinated biphenyl 


POLYCHLORINATED biphenyls (PCBs) are widely used industrial 
chemicals which have found their way into the environment, 
where they have been detected in rainwater, in many species of 
birds and fish and in human tissues. PCBs accumulate in the 
body’s fat tissues, where they apparently degrade very slowly 
under natural conditions', but recently it has been found? that 
PCBs may act as carcinogens. The detailed actions of PCBs 
inside the body, such as their effects on carbohydrate, lipid 
or protein metabolism, are relatively unknown although 
they have been shown to alter the liver cell in mouse and 
monkey’, to affect the immune system‘ and to alter the activity 
of microsomal and other enzyme systems®~*. We have studied 
the in vivo effect of PCBs on the activity of two regulatory 
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Fig. 1 Effects of PCB (Clophen T64) on PEPCK and FDPase 
activities in rat liver and on the level of blood glucose. Female 
rats (Sprague-Dawley, 150-170 g) were used in the experi- 
ments. PCB diet was prepared by thoroughly mixing (Starmix) 
500 g of normal pellets (Eggersmann, Rinteln) with 10 ml of a 
solution of PCB (Clophen T64) in ethanol giving a final concen- 
tration of 0.05% of PCB in the diet. The powder was pasted 
with water, pellets were formed and dried for 2 d at 37 °C in an 
oven. The diet for control animals was treated in exactly the 
same way but without PCB. After the indicated time intervals, 
livers of 4 rats from each group were removed under ether 
anaesthesia, homogenised individually in a Potter homogeniser 
at 0 °C for | min using 2 g of liver tissue per 10 ml of 0.25 M 
sucrose solution. The homogenate was centrifuged for 30 min 
at 105,000g¢. PEPCK activity" and FDPase activity’? were 
determined in the supernatant. Blood (0.10 ml) was taken from 
the aorta descens during removal of the liver, and blood glucose 
was determined with glucose oxidase'®. Enzyme activities and 
content of blood glucose from control animals were set at 100°. 
<, PCB in liver; A, food intake; ^, blood glucose; ©, FDPase; 
@, PEPCK. 
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enzymes of gluconeogenesis, phosphopenol-pyruvate carb- 
oxykinase (PEPCK) and fructose-1, 6-diphosphatase (FDPase), 
respectively, in rat liver. 

As can be seen from Fig. 1, a diet containing 0.05°4 PCB 
(Clophen T64, 60° Cl) diminished the activity of PEPCK by 
about 50° within a feeding period of 7d. FDPase activity 
and the content of blood glucose were also influenced by PCB, 
but to a much lower extent. Furthermore, the food intake 
of the animals was not markedly altered by PCB when given in 
this concentration. During the experimental period the content 
of PCB in the liver tissue increased from 0.145 (control) to 
110 ug per g wet liver. Thus, an in vivo content of 70.5 p.p.m. 
of PCB in the liver lowered the activity of PEPCK to one half 
of its original activity. 





Table 1 Effects of various chlorinated compounds on the activities 
of PEPCK and FDPase and on the content of blood glucose in rat 
liver 
PEPCK FDPase Blood 
glucose 
(% of control) 
100 


Dietary addition 
{0,05 %, 7 d) 


None 100 

Bipheny! 9] 10! 79 
2-Chlorbiphenyl (19% Ch 119 102 104 
Clophen A30 (42° Cb 66 110 97 
Ciophen A50 (5487 Ch 53 75 78 
Clophen A60 (60 af Ch 5i 84 99 
Hexachlorobenzene 106 96 100 





Rats were fed a normal diet (control), a diet with biphenyl (0.05 %) 
or with various chlorinated compounds (0.05 vo) for 7d. Preparation 
of the diet and experimental details are given in the legend to Fig. 1. 


Figure 2 shows the effect of increasing concentrations of 
PCB in the food after a feeding period of 4d. A dose of 0.01- 
0.05% PCB reduced the activity of PEPCK, but did not alter 
the activity of FDPase, the level of blood glucose and the food 
intake. Higher concentrations of PCB, however, were obviously 
toxic because the food intake was reduced and the animals 
partially fasted. Consequently, PEPCK activity increased in 
these conditions, since the activity of this enzyme is very 
sensitive to the animals’ nutritional state (see Table 2 and ref. 
9). The level of blood glucose and FDPase activity were also 
lowered by higher concentrations of PCB. 

Other chlorinated compounds which are chemically related to 
PCBs or are concomitants (hexachlorobenzene) were also 
tested for their in vivo ability to influence the activity of PEPCK, 
FDPase and the level of blood glucose (Table 1). From these 
compounds PCBs with high chlorine content were most 
effective on PEPCK, whereas the effect on FDPase activity 
and on the level of blood glucose varied. 

Gluconeogenic conditions such as fasting or feeding a 
protein diet (poor in carbohydrate) increases PEPCK activity’. 
As is shown in Table 2, after fasting or protein diet PEPCK 
activity was Increased 4.5-fold and threefold, respectively. When 
PCB was added to the normal diet, the induction rate after 


Table 2 PEPCK induction after PCB administration 


Ni a re rR HER HELLMAN HAH ARE RRR AAA LA ttt at LL ttl pH AA VARA aaaea HAART AA RETR RA m 


Treatment PEPCK FDPase Glucose 
of rats (specific activity (mg per 
nmol mg? min™?) 100 ml) 
Fed normally 57.8 +-4.4 34.5-4£1.5 165 +12 
Fasted for 16 h (overnight) 260.2+14.8 32.4+1.4 8643 


Clophen T64 (0.05%, 4d) 


-+ fasted for 16h 121.04 ae 14.3 24.2 +2. 6 RS aa {2 
Protein diet (4 d) 179.6+4.5 27.8 +-1.2 166 + 28 
Protein diet® with Clophen 

T64 (0.05%, 4 d) 106.2 -45.2 26.7-+1.0 121+10 





*Protein diet was from Eggersmann, Rinteln, For preparation 
of PCB-diet and experimental details see legend to Fig. l. 
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Fig. 2 Effect of increasing PCB concentration on PEPCK and 

FDPase activities in rat liver. Rats were fed a diet with PCB 

(Clophen T64) for 4d. Diet was prepared as described in the 

legend to Fig. 1, but PCB concentration was varied. Further 
details see legend to Fig. 1. Symbols as in Fig. 1. 


fasting was only twofold and in rats fed a protein diet containing 
PCB the increase of PEPCK activity was only 1.8-fcld. Thus, 
PCB severely disturbs the ability of the rats to adapt PEPCK 
activity to gluconeogenic conditions. 

Although PCBs are chemically almost inert substances, these 
compounds nonetheless can alter intermediary metabolism, 
that is gluconeogenesis. Most determinations described here 
were carried out between 4 and 7d on PCB diet (Fig. 2 and 
Table 1, respectively). This corresponds to an in wvo PCB 
concentration in the liver of about 55-70 ug PCB per g wet 
liver tissue (see Fig. 1), being in the range of the concentration 
of physiological substrates. One can suggest, therefore, that 
PCBs do not act on PEPCK itself but somehow affect its 
regulation. Since PEPCK activity is closely connected with 
the level of cyclic AMP and hormones", these would be good 
candidates for further investigations on the mechanism of 
action of PCBs on intermediary metabolism. 

We thank W. Siimmermann and N. Schwaak for the deter- 
minations of PCB contents in liver tissue. 
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Two-gene control of T-helper cell induction 





. THe major histocompatibility complex (MHC) of mouse, 


t 


- man and other. species has attracted much attention 


AFC per culture 


controlling serum proteins related to complement (S region), 
„and ced-cell antigens. Although the products of some of 
these genetic regions are clear (for example, of the H-2D or 
H-2K loci) this is not the case for the I region which in- ~ | 
! fluences many immune functions, such as delayed hyper- : 
sensitivity’ and antibody production’. One group of products 
of the I region genes constitutes the Ia antigens which have 
been defined by alloantisera’’. Other products of these ` 0 

genes are stil elusive, and some euthors have even sug- 7 GRF Ni 

gested that I region gene products are antigen-specific GRF adsorbed with Nil T M 
receptors on T cells™’. 

, Recently, it was found that the I region influenced the 


recently, and that of the mouse is perhaps the most precisely 
i studied mammalian genetic region (reviewed in refs 1-3). . e 

Within the space of 0.5 cemtimorgans are genes coding for 
. transplantation antigens present on essentially all cells (H-2K l 

and H-2D); genes influencing immune responses (“immune l 

response or Ir genes”); genes coding for surface alloantigens 

of restricted tissue distribution (immune response gene 

region associated amtigens or Ia antigens); genes influencing -4 400 

cell interactions, the production of factors and stimulation 

in the mixed ‘lymphocyte reaction (all in the I region and 

its subregions I-A, I-B, I-C and so on), as well as genes 

10 5 15 5 15 


induction of helper cells, in vitro”. To induce T-helper cells Fig. 1 Evidence for a receptor for GRF on lymphoid cells but 
. in our in vitro system’’, macrophages are required”, and not on macrop . CBA GRF x ia (1 mD was incubated with 
with soluble antigens the interaction between T cells and either 1x10? nylon wool T cells from CBA spleen 
‘macrophages required genetic similarity in the I-A sub- or with 6 x 10" macrophages (purified by irradiation with 
10 ; R and adherence to plastic) for 1 h at room temperature. 
‘region of. the H-2 complex". In the mouse, ‘unlike the After removal of the cells by centrifugation the adsorbed GRF 
: guinea pig“ interaction did not depend on direct contact were added to 15 x 10° nylon wool-punfied CBA T cells in a con- 
; between T cells and macrophages’, and was mediated by at oe ae a eG ae e T ESES a ioe 
i 15 : legend to i er x rom 

least two factors". (1) A genetically. related macrophage = Sere added to 15x10" CBA spleen cells and incubated with 
factor (GRF) is obtained from antigen-treated macrophages TNP-KLH (0.1 pg ml-1). Four days later the anti-DNP-response 
and generates T-helper cells in the absence of macrophages was measured. The dotted line represents the background (15 x 
or additional antigen, but only if the ‘macrophage releasing a spleen cells eee but guava ‘cece 
: a : lve experiments o type have been ormed with analo- 
GRF and the T cells are similar at the I-A subregion of pris remults, ‘The vertical bars í the lard error of the 
the H-2 complex. (2) A nonspecific macrophage factor . arithmetical mean of three independent cultures. To exclude the 
(NMF), obtained from macrophages incubated without presence of receptors on B cells, anti-6@-treated and complement- 
antigen, is not genetically restricted and induces T-helper Romar spleen ry cleared ee ey low oie E 
cells i f f er™ were viability >95%); 1 per not 
! in the absence of macrophages but only with par GRF (for na oal t CBAT +. 

ticulate antigens". We have characterised the immuno- GRF: 597 AFC Saale shat 
: : per culture, GRF adsorbed B cells: 480, GRF 

chemical nature of GRF and found that it consists of I, adsorbed T cells: 47). 


—————  — ——  —  ———— — —————————————————————————————— s——nsc—ccrv—mwm— 


Table 1: GRF contains I-A subregion-coded products 





b CBA GRF xin Immunoadsorbents Anti-DNP-response 
(AFC s.e.) 
SIN% first cluate/acid eluate 

— — ` — 18+16 
+ — l 10 332 +37 
+ A.TL ant-A.AL . (aK*) 5 250427 30+17 
F 15 220 +68 0 
+ (A.BY x B10.HTT)F; anti-A.TL (aI-A*) 5 0 363 +46 
= 15 0 400 + 56 
+ B10.A(44R)ant+-B10.A(2R) (aI-B*) 5 1994+26 ND 
+ 15 252+36 ND 
+. (B10.A(4R) x 129)F,anti-B10.AQR) (al-C* ~“ $) 5 4234+112 0 
Æ 15 373423 27412 





GRF obtained from CBA macrophages by incubating with keyhole limpet haemocynanin (KLH, 10 p per 5 x 10* cells) for 4d (CBA GRF xin) 
were passed over columns containing harose 2B (1 mI of GRF per ml of Sepharose) Sonjusated with the immunoglobulin fractions of 
antisera directed against the K*, I-A*, I-B* or I-C* or 4 subregion of the H-2 complex (first eluate). After washing, the immunoadsorbents 
were treated with 1 ml of Serensen’s glycine buffer, pH 2,4; the eluates were neutralised immediately and sce bere against phosphate-buffered 
saline, Js 7.2 (acid eluate). ‘First and acid eluates’ were tested in different concentration for their helper-cell-inducing capacity by incubating 
with 15 x 10* nylon wool-purified CBA T cells for 4 d in Marbrook flasks as described in detail elsewhere? !*4. Living (2 x 10°) from 
each culture (which include helper cells) were then added to 15 x 10* CBA spleen cells and trinitrophenylated KLH(TNP-KLH, 0.1 ug ml~), 
and 4 d later the anti-dinitrophenyl (DNP)-response was measured by the p forming ability of the B cells against DNP or TNE 

cross react) coated red blood cells (SRBC). The results are given as an means of the DNP-AFC (antibody forming cells)-+s.0. 
for three independent cultures. Specific AFC are enumerated by subtracting the number of plaques obtained with SRBC from that o with 
DNP-SRBC. The controls include 15 x re cells incubated with either TNP-KLH BELIN or DNP-polyacrylamide beads 3% (1372+ 
175) or po sateen (12+11). (B10.A(4R) x 129) F, ant-B10.AQR) antiserum (Anti-I-C ***) was also tested on 1B10.D2 GRF(H-2"). It did not 
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region coded products (Ia antigen) complexed with small 
antigenic fragments with a total molecular weight of 50,000- 
60,000 (ref. 16). Since Ia antigens are coded for in the I 
region (which also contains “immune response genes”) we 
thought that more detailed knowledge about the mechanism 
of action of GRF might reveal information about helper-cell 
induction and perhaps how immune response genes work. 
We have therefore studied the mechanism of binding of 
GRF to T cells, and report here that at least two genes, 
located in the I-A subregion, influence helper-cell induc- 
tion. One of these genes, expressed in macrophages, controls 
the Ia product of GRF, and the other, expressed on T cells, 
controls a structure which is the receptor for GRF. This 
receptor does not react with anti-la sera and is thus distinct 
from conventional Ia antigen. 

Though as a result of genetic experiments T cell-macro- 
phage interaction had been mapped in the I-A subregion”, 
and GRF, which is one component of this interaction, was 
serologically shown to be an | region product’’, it was not 
clear whether GRF was indeed an I-A region product or 
whether the receptor for GRF was 1]-A-controlled. Using 
more specific sera, directed against the H-2K*, I-A*, 
I-B¥ and I-C* regions of the H-2 complex, it was possible 
to show that the gene(s) responsible for GRF lie in the I-A 
subregion (Table 1). The evidence for this is that only 
immunoadsorbents made with anti-I-A* sera adsorbed out 
the activity of GRF obtained from CBA macrophages. The 
adsorbed activity was recovered by acid treatment of the 
immunoadsorbents, further demonstrating the specificity of 
the adsorption. An analogous mapping of the genes for 
GRF in the I-A subregion of other haplotypes (for example, 
I-A® or I-A“) was not possible for lack of specific appro- 
priate anti-I-A region antisera. 

We next investigated the interaction of GRF with T cells 
resulting in the activation of the latter to become specific 


Table 2 Genetics of the GRF-receptor on spleen cells 


Helper cell induction 
GRF adsorbed with 
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helper cells. A simple explanation of this interaction would 
be binding of GRF by a receptor on helper-cell precursors. 
To test this, GRF was incubated with either T cells, B cells 
(10° cells per ml of GRF) or macrophages (6x 10" cells per 
ml) at room temperature (RT) for i h. Then, after the cells 
had been removed by centrifugation, adsorbed GRF was 
tested for their helper-cell inducing capacity: T cells puri- 
fied on nylon wool were used. Figure | shows that GRF is 
adsorbed by spleen cells after passage through nylon wool 
(containing about 1% B cells) as well as by anti-@ serum and 
compiement-treated spleen cells (not shown), but not by 
macrophages, The latter point is important, making it un- 
likely that GRF is not synthesised by macrophages. The 
adsorption by anti-0-treated spleen cells could be due to (1) 
residual T cells, (2) dead, but not lysed, T cells or (3) B cells 
Indeed, anti-6-treated spleen cells from which the dead cells 
were removed before adsorption could not adsorb out GRF 
activity (for example, see legend to Fig. 1). This indicates 
that dead cells can remove GRF, presumably because their 
receptors are still intact. The adsorption by T cells seems to 
be specific and may be related to the mechanism of GRF, 
action, for it is dependent on the number of T cells used 
for adsorption (data not shown), and because T cells in- 
cubated with GRF for Ih at room temperature, then 
washed thoroughly, and cultured for 4d were stimulated to 
hecome helper cells without further contact with GRF, 
macrophages or antigen (Fig. 3). 

The genetics of adsorption of GRF was investigated. 
Allogeneic (C57BL/10=BI10, H-2") spleen or thymus cells 
did not adsorb CBA GRF at a ratio of 10° cells per ml of 
GRF in contrast to syngeneic spleen cells or thymocytes 
(Fig. 2). Even 210° allogeneic cells were insufficient. To 
pursue the genetics of GRF adsorption further, GRF 
obtained from either CBA, BI10.A(4R), AQR, BIO or 
B10.A(5R) macrophages were first adsorbed with spleen 


ieman rreme An tht 


Anti-DNP-response 
H-2 subregion 


T cells from Ag (ug ml ~) or GRE (%) spleen cells from shared different AFC +s.e, 
BIO.BR KLHO.I -l — 27 9 
CBA GRFkim 5 AQR 1-A* I-B* ieee 73 +33 
CBA GRF, LH | 5 AQR 1-A*,1-B* aaa $7 + 42 
BIO.A(4RIGRF xi py 10 Nil = — 293 -+-86 
BIO.AC4RIGRF aig 5 CBA KE IA* —- 30 +30 
BIO.AGRIGRF «iy 15 CBA KK IAY man 70435 
BIO A(4RGRFkip 5 AQR [-A¥ KS 40-15 
BIO.A(4RIGRE, LH l 5 AQR [-A* K* 3 + 3 
AQR GRF «iy 10 Nil mam- — 240 +30 
AOR GRF xin 5 BIO.A(4R) I-A* I-B* 63 -+53 
AQR GRF xin 15 BIO.A(4R) J-A* J-B* 80 +55 
B10 KLHO.1 Nil ee 132 +108 
BIOGRF xin 10 Nil = 413-49] 
BIOGRF xin 5 BIO.A(4R) II-B} T-CP, S? De K®I-A° 607 -4-77 
BIO.GR Fkn 15 BIO A(4R) I-B°1-C°,S°,D® KŁ LA? 570 -+73 
BIOA(SR)GR Fxg 10 Nil ~ — 670 +35 
BIO.A(SRIGRF xin 5 BIO.A(4R) 1-B> KŻ I-A’ 467 -+-6i 
BIO.AGSRIGRFaiyn 15 BIi0.A(4R) [-B> K°I-A® 433 +86 
BIO.AGSRIGRF xin 5 BIO K? I-A? -B° — 193 +56 
BIO.A(SRIGRFg ay 15 B10 K} I-A? -B° K? I-A’ 123-53 





GRF (Iml) obtained from macrophages of various mouse strains were incubated with either A.QR, CBA, B10.A(4R) or BIO spleen cells for 
ih at room temperature. The adsorbed GRF were then tested on their helper-cell-inducing capacity by incubating with either nylon wool- 
purified B10.BR or B10 T cells for 4 d as described in the legend to Table 1. For each combination, the H-2 subregion (of the k or b haplo- 
type) is listed which is shared by GRF and the spleen cells used for adsorption, and in which they differ, within the left half of the H-2 complex. 
For example, AQR spleen cells and BI0.A(4R) GRF share the I-A* subregion but differ for the K* subregion (lines 8 and 9). Thus the di- 
minished activity of the BIO.A(4R) GRF after adsorption with A.QR spleen cells indicates that the latter contain GRF receptors on their surface 
which are coded for by genes of the I-A* and not of the K* subregion. Five experiments of this type have been performed, for three of them 
nylon wool-purified T cells were used for adsorption instead of spleen cells, and other combinations were also tested with analogous results. 


The controls were: 
B10.BR spleen cells + TNP-KLH (0.1 pg ml ~} 334- 27 
+ DNP~—beads 3% 3030+ 965 
B10 spleen cells +-TNP-KLH 107+ 12 


-+ DNP-beads 3 ya 4470 -i= 1078 , 
Other subdivisions of the H-2I region have been described —I-E and I-J (personal communication from C. S. David and D. B. Murphy). 
But because these are all to the right of I-B, they do not affect the mapping studies described here. 
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% GRF | 
GRF adsorbed with 

2 Evidence for control of the GRF receptor. CBA 

KLH (a) or Bl GRF cia (b) (1 ml) were adsorbed with, 


either 1x10* CBA or BIO spleen cells (spl) or thymocytes 
(thy) for 1 h at room After removal of the cells 
by cen 


Nil’ CBA spl CBA thy BIO spl B10 thy: 


trifugation the adsorbed GRF was' tested on their helper- - -~ 


cel-inducing y by incubation with 15x 10* nylon wool-- 
purified CBA (a) or B10 T celb (6) in a concentration of 10% as 
described in the legend to Table 1. Other 


performed with analogous results. 


cells from AQR, OBA, B10.A(4R) or B10 mice (10° cells a 


per mi of GRF) and then tested for their helper-cell induc- 
ing capacity with B10.BR and B10 T cells. Table 2 shows 
that the adsorption of GRF by T celk is also determined 
by gene(s) of the H-2 complex, located in the I-A subregion. 
The simplest interpretation for these results ts that the 
receptor for GRF (which initiates the helper pathway) is 
controlled by genes in the I-A subregion. These results, 
however, do not exclude the possibility that the bulk 


adsorption measured here could be due to a different type ~ l 


of binding unrelated to the manner by which GRF stimu- 
lates helper cells. This possibility can be excluded by testing 
‘the adsorption of GRF functionally, that is whether adsorb- 
ing T cells of different strains were stimulated. Preliminary 
experiments with B10.A (4R) and AQR mouse strains which 
are identical only at the I-Ax subregion of the MHC have 
shown that B10.A(4R) T cells are stimulated by AQR GRF. 
Together with the other data, this indicates that the T-cell 
receptor for GRF is involved ‘in the activation of these cells, 
and that this T-cell receptor is controlled by the I region of 
the MHC. 

Taken together the results indicate that at least two 


genes, each located in the I-A subregion, but expressed on ` 


different cells, regulate helper-cell induction. One gene codes 
for the Ia part of GRF, the other for the GRF receptor. 

It-is not Hkely that macrophages anid T cells express both 
of the genes under consideration, because if so macro- 
phages would adsorb GRF, which they do not (Fig. 1), and 
T cells would make GRF, which they also do not. 
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The possibility that the receptor for GRF, since it is 
controlled by the I region is an Ia antigen was tested by 
attempting to inhibit the adsorption of GRF by prior 
treatment of the T cells (which carry these receptors) with 
amie sera. A.TH amti-A.TL antisera; with cytotoxic titres 
of 1/5,000 to 1/1,000 (on spleen) and functional titres of 
1/100 or more (on suppressor T cells) did not jnhibx binding 
of GREF to the receptor, even at concentrations of 1/3, 
whereas the same antisera (at concentrations of 1/3, 1/30 
and even of 1/1,000 in other experiments) bound GRF, if 
incubated together and inhibited its helper-cell-inducing 
capacity (Fig. 3). These results suggest that the receptor 
for GRF is not a classical Ia antigen. 

It has been shown that the immune response to some 
antigens is controlled by two genes located in the H-2 
complex. Munro and Taussig” postulated a two-gene model 
for the response to the branched synthetic polypeptide 
(T,G}A—L, both mapping in the I-A subregion of the 
H-2 complex, with one of these genes expressed in T cells, 
the other in B cells. The immune response to the terpolymer 
L-Glu, L-Lys, L-Phe (GLØ) has also been shown to be con- 
trolled by two complementary genes in the H-2 complex, 
one of which was mapped in the I-A subregion, the other 
somewhere to the right of -the I-C subregion™”. 
These reports deal with antigens which are clearly 
under immune response (Ir) gene control, whereas our study 
was performed with an antigen not known to be under Ir 
gene control. Shevach et ai.“ have shown in the guinea 
pig, however, that antisera directed against the guinea pig 
equivalent of the I region (for example, strain 2 anti-strain- 
13 sera), only inhibit responses in F, (213) animadts con- 
trolled by the relevant I region, for example, the prolifera- 


800 
= TK 
3 


acta = 3 30 3,000 30 3,000 
[ty mo 
d g d's 
O O + 
3 3 + 
e H 


Fig. 3 The GRF gn on T cells is not Ia antigen. 15 x 10° 
nylon wool-purified CBA T cells were first incubated with 
. anti-[a serum (A.TH anti-A.TL no. 383) diluted 1:3, 1:30 
and 1:3,000 for 3 or 4h at room tem Sue ae 
were incubated with CBA GR Fuu (0.1 ml per 15 x 10° ) for 
1 h at room temperature. After repeated washings, the T cells 
were incubated in Marbrook flasks for 4 d to facilitate helper-cell 
induction (Tads.ala, ads. GRF). Simultaneo 15x 10% T 
cells, GRF (10%) and anti-Ia* serum in the same dilutions were 
incu together for 4d +ala®+GRF). As controls, 
T cells were incubated without GRF (nil), with GRF (T+ GRF) 
or after adsorption with GRF (Tads.GRF). The procedure to 
measure helper activity is bed in the legend to Table 1. 
The dotted lines represented background levels (spleen cells 
incubated without anti (nil) or with TNP-KLH (TK) but 
without helper cells). Four experiments of this type have been 
performed with analogous results. 
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tion response to the synthetic polypeptide GT (a polymer 
of glutamic acid and tyrosine), an antigen the response to 
which is controlled by a 13-linked Jr gene, was inhibited by 
anti-13 sera. Schwartz et al.” have obtained similar results 
in the mouse which imply a functional relationship between 
Ir gene products and Ia antigens. Thus it is possible, even 
likely, that the reaction described here is a component of 
the function of H-2-linked Jr genes. At present the number 
of genes influencing helper-cell induction is not known, but 
results presented here and elsewhere indicate that at least 
two I region genes are involved. 

The most interesting question raised by this study—the 
mechanism by which GRF is recognised by T cells—is still 
not resolved. Do helper precursor T cells have two receptors 
for GRF, one for the Ia product and the other for the 
antigen, or is there one receptor for “modified Ia” as sug- 
gested by Miller’s studies” in delayed type hypersensitivity 
and in analogy to the modified H-2 involved in the killing 
of virus-infected cells or of hapten labelled cells”. Our 
analysis does not permit an answer, but studies are in pro- 
gress to resolve this issue. 
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Liposome-induced morphological 


differentiation of murine neuroblastoma 
Liguip crystals made of lipids (liposomes), initially devised 
as models of biological membranes‘, have more recently 
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been used as artificial carriers because of their ability to 
bind and fuse with biological membranes and discharge 
their soluble content into the cytoplasm’. Preliminary 
studies in our laboratory have shown that lisopsomes loaded 
with the nerve growth factor (NGF) induce morphological 
differentiation in a murine neuroblastoma cell line which 
does not exhibit morphological changes on addition of NGF 
to the culture medium. Control experiments with liposomes 
in absence of NGF however, also resulted in process forma- 
tion in neuroblastoma (NB) cells. Our attention was there- 
fore focused on the effect of the carrier itself, rather than 
on the agent carried. 

A neuroblastoma cell clone (NB41A;) was obtained from 
Dr Augusti-Tocco* and maintained in suspension in F10 
medium (Gibco), supplemented with 15% horse serum and 
2.5% foetal calf serum (EUROBIO, Paris), penicillin G 
(200 U ml’), and streptomycin sulphate (200 ug ml”') in an 
humidified incubator conditioned with 5% COs. and 95% 
air, at 37°C. Egg yolk phosphatidyl choline (PC), phos- 
phatidy! serine (PS), phosphatidyl ethanolamine (PE), phos- 
vhatidic acid (PA) and sphingomyelin (SM) were purchased 
from Lipid Products, South Nutfield, Surrey. N°,O?-dibutyry! 
cyclic AMP, 5-bromodeoxyuridine (BUdR) and papaverine 
were obtained from Sigma, dimethylsulphoxide (DMSO) was 
from Merck. 

The first set of experiments was directed to find the opti- 
mum conditions (liposome composition, time of incubation, 
temperature) for maximum binding. This process was 
measured by the amount of “C-PC mixed with the phos- 
pholipids forming the liposomes, which was not removed by 
three consecutive washings of the cells after incubation. 
This measure of ‘tightly bound’ liposomes does not, how- 
ever, indicate whether binding is followed by fusion and/or 
interiorisation within the cell cytoplasm. These experiments 
indicated that a mixture of sonicated PC-PS 10: 1.5 (w/w) 
liposomes progressively attached to, and/or penetrated the 
cell membrane during a 24-h incubation period at 37 °C. 
At the end of this time, 0.2-0.4% of the total liposomes 
present in culture was tightly bound to the cells. Addition 
of cholesterol to this lipid suspension did not significantly 
change the pattern of binding. Changing the net charge of 
the liposome from negative to positive by introducing 
stearylamine severely reduced the viability of NB cells. 

The marked morphological changes (process formation) 
induced by liposomes are shown in Fig. la and b, which 
compares cultures of the same NB cell line in the absence 
or presence of this lipid suspension. The fine structure of 
the liposome-induced processes (Fig. Ic) shows an abund- 
ance of microtubules (MT) lying in parallel arrays. In 
addition to MTs, other fibrillar structures tentatively identi- 
fied as microfilaments (MF) are also seen in most liposome- 
treated cultures. The number of cells present in cultures 
containing liposomes is 40% lower after 24h and 60% 
lower after 48 h, than in control cultures. During the same 
period, the TCA precipitable “H-methylthymidine is reduced 
to 30% of controls when expressed as counts per mg of 
total protein. These findings suggest that liposome-induced 
morphological differentiation is accompanied by a con- 
comitant inhibition of cell division, although we cannot yet 
decide whether the two phenomena are correlated or 
independent. Autoradiographic studies show heavily labelled 
NB cells following incubation with “C liposomes for after 
only 3h of incubation (Fig. 2). Whether the radioactivity is 
confined to the cell surface, or whether it is also within the 
cytoplasm, is not known. 

Several substances have been shown to induce mor- 
phological or biochemical maturation of NB cells*”**. In 
our NB system, however, only dibutyryl cyclic AMP 
induced process formation, although not to the same extent 
as liposomes: other agents such as papaverine, 5-bromo- 
deoxyuridine and dimethylsulphoxide, had little or no effect. 
It is worth mentioning that PS liposomes injected in vivo, 
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Fig. 1 Effect of liposomes on the morphology of neuroblastoma 
cells. NB cells (NB41A,) were plated in a Falcon dish containing 
coverslips. After 3 h, 100 ul (2.7 mg of total phospholipids) of 
the suspension of liposomes was added to a series of cultures 
(b, c) or the same volume of Gey’s balanced salt solution was 
added to control cultures (a). After 3 d, the cultures were fixed 
either for light microscope observation (a, 6) or for electron 
microscopic studies (c). a, 6, Microphotographs taken using 
phase contrast were fixed with Dubosc Brasil and stained with 
haematoxylin. c, Electron micrography of a portion of neurite 
from the same culture as shown in (b). Cells were fixed in 3% 
glutaraldehyde in 0.1 M phosphate buffer with Ca** added in 
the same buffer and post-fixed in 1°, OsO,, dehydrated and 
embedded in Epon 812. Photo was taken with Philips E.M. 300 
Magnifications: a and b, x174; c 2,079. Liposomes were 
prepared as described previously’*. Generally, 20 mg lecithin 
from egg yolk was mixed with 3.0 mg phosphatidylserine in 
1.0 ml of chloroform—methanol 2:1 (v/v) and dried under a 
vacuum pump. Gey’s balanced salt solution (1 ml) was added 
and stirred vigorously for 5 min in a vortex mixer. Sonication 
was in a constant flow of nitrogen gas for 25 min. Liposomes 
obtained in this way are round, with a diameter of about 120 
200 A measured after ammonium molybdate staining, in the 
electron microscope. 





have been shown to increase brain glucose and decrease ad i 

catecholamine content of the adrenal medulla’. . s ~ 
Our findings raise the question as to the mechanism by 

which pure lipids, which are normal constituents of the 

cell membrane, can induce morphological maturation of a 

neoplastic cell line. Using ‘“C—PC-loaded liposomes in- 

cubated at a concentration of 1.0 mol`’ with 4X 10° cells, ~ 

we have found that 2-4 nmol of liposomes are bound to, or on 

have penetrated, the cells. This value corresponds to an A 

average of 3 X 10* phospholipid molecules per neuroblastoma 

cell, that is, (assuming that a sonicated liposome is formed 

by 210° phospholipid molecules’), 1.5X10° liposomes gy 

bound per cell. A liposome bound to the membrane of a 

living cell may undergo endocytosis, or it may fuse with the 

membrane itself and become part of its constituents. If the 

fate of phospholipids is mainly to become constitutent parts 

of the cytoplasmic membrane, their contribution to the a Ye 


Fig. 2 Autoradiograph of NB41A, treated with radioactive d 
liposomes. PC-PS liposomes were prepared as described in 
Fig. | in the presence of 1 pCi ml~™> “C-PC (New England 
Nuclear, specific activity 1.765 Ci mmol~ P). After incubation Js 
for 3 h, cells (which were grown on coverslips in a Falcon dish) ‘ 
were fixed in 3% glutaraldehyde in 0.1 M phosphate buffer n 
pH 7.2. After 1 h in fixative, cultures were washed in the same ` 
buffer, and stained in haematoxylin. The coverslips were air $ ; 
dried and coated with Ilford L4 emulsion. After 50 d of exposure 
at room temperature, the autoradiograms were developed with b 
Microdol at 21 °C for 6 min. Microphotographs were taken with: 
a, transmission light; b, interference differential (Zeiss-Nomarski) 

microscope. Magnifications for a and b x824. 
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entire surface of each NB cell of diameter 15 wm could be 
between 5 and 20%, a not insignificant increase for the 
functional properties of a membrane. Considering that PS 
molecules are negatively charged and exhibit particular 
binding capacity for Ca’* and monovalent cations, changes 
in the net charge of the membrane can be expected fol- 
lowing binding and/or fusion of the phospholipids forming 
the liposomes. The considerable amount of bound phos- 
pholipids might also influence the permeability of these 
cells and effect the organisation of the fibrillar proteins 
(microtubules, microfilaments) which are essential in axonal 
growth and elongation. 
It remains to be ascertained to what extent in vitro pro- 
cess formation in NB cells is a true morphological sign of 
neural differentiation, since this effect can be induced not 
only by specific substances but also by noxious agents 
or treatments’. The use of liposomes may contribute to 
this controversial problem, since their action seems to in- 
volve a mechanism which is not dependent on a specific 
signal, nor do they cause a detrimental effect on the res- 
ponsive system. 
We thank Dr R. Levi-Montalcini for discussions during 
the preparation of the manuscript and Dr Augusti-Tocco 
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Reduction of sexual interaction 
in rhesus monkeys by a 
vaginal action of progesterone 


PROGESTERONE acting in the female seems to reduce sexual 
interaction in several primate species. It has been reported 
that sexual activity declines during the luteal phase of the 
menstrual cycle (when circulating progesterone levels are 
maximal), in monkeys'™*, lowland gorillas‘ and humans’, 
and that administering progesterone to ovariectomised, 
oestrogen-treated rhesus monkeys has a similar effect’. A 
major unresolved question is how progesterone causes these 
changes in behaviour. One possibility is that progesterone 
acts on the female’s central nervous system, causing her to 
accept or solicit fewer male mounts. Another is that 
progesterone somehow alters the vagina thereby changing 
non-behavioural cues (such as a smell’ or tactile qualities) 
which contribute to her sexual attractiveness. Here we 
present evidence favouring the second mechanism, since the 
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reduction in sexual interaction caused by systemic admin- 
istration of a physiological dose of progesterone to female 
monkeys could be reproduced by instilling very small 
amounts of this hormone directly into the vagina. 

Ovariectomised female and intact male adult rhesus 
monkeys (M. mulatta) were used. The females were im- 
planted subcutaneously with silastic tubing (Dow Corning, 
4cm long, 3.35 mm inner and 4.65 mm outer diameters) 
filled with oestradiol-178, which results in plasma levels of 
oestradiol similar to those measured in the follicular phase 
of the menstrual cycle". Animals were housed separately 
between observations. Sexual interaction between hetero- 
sexual pairs of monkeys selected because they copulated 
readily without displaying aggression was studied from 
behind a one-way mirror’. In each experiment the same 
pairs were tested daily in a constant order until the male 
ejaculated, or for a maximum of 30 min. Here we consider 
only the following behavioural measures: (1) for the male, 
mounting rate (number of mounts per min} and the per- 
centage of tests with ejaculation: and (2) for the female, 
acceptance ratio (the percentage of male mounting attempts 
accepted) and the number of sexual invitations offered to 
the male per observation. Plasma progesterone was esti- 
mated by radioimmunoassay, using at least two dilutions 
of plasma". 

In experiment | six females were given daily intra- 
muscular injections of 10mg progesterone in arachis oil, 
which after 20d resulted in plasma levels of progesterone 
(median: 10.74ngml"', range: 5.16-14.52) within the 
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Fig. 1 Effect of 10 mg d—! progesterone given intramuscularly to 
the female on sexual interaction in pairs of rhesus monkeys 
(experiment 1). Five females were tested with one of three males, 
and another female with two different males. An interval of 32 d, 
during which no treatment or tests were administered, intervened 
between test blocks 15 and 16. Two parameters of the males’ 
sexual behaviour are shown ing: @, °% tests with ejaculation: ©, 
median mounts min~?; and two of the females’ in 4: W, median 
acceptance ratio; | |, median sexual invitations. Data points are 
based on seven pairs. Exceptions, which are indicated in paren- 
theses, represent tests in which no acceptance ratio could be 
calculated for some pairs. The statistical comparisons were made 
with the initial control condition using 2-tailed Wilcoxon tests, 
provided an initial Friedman ae of variance was significant 
(P < 0.05). 
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Fig. 2 Effect of low doses of progesterone intravaginally on 
sexual interaction (experiment 2). Six females were tested with 
one of six males, and another female with two different males. 
After each day’s behavioural testing, arachis oil solutions were 
administered by inserting a catheter adaptor attached to a 1-ml 
syringe into the vagina until it touched the cervix, when it was 
withdrawn slightly and the injection made. Data points are based 
on eight pairs, exceptions being indicated in parentheses. 
Behavioural parameters (a, male; b, female), statistical analysis 
and symbols as in Fig. 1. 


range measured during the luteal phase of the menstrual 
cycle". This treatment caused significant reductions in the 
males mounting rate and ejaculation (P<0,.02), whereas the 
females continued to accept virtually all the mounting 
attempts and actually displayed a threefold increase in 
sexual invitations (P<0.02) (Fig. 1). Thus, physiological 
increases in circulating progesterone made the females 
significantly less attractive to male partners, without altering 
neural mechanisms so as to depress receptivity. Our results 
contrast with the reported® reduction in receptivity in some 
female monkeys which occurred following administration 
of a pharmacological dose of progesterone (25 mgd"). In a 
second experiment, we investigated the possibility that 





Table 1 Plasma progesterone in seven ovariectomised, oestradiol- 
treated female rhesus monkeys following intravaginal and intra- 
muscular administration of progesterone 


Site and amount of Treatment Plasma 
progesterone administered in duration progesterone (ng—ml) 
0.1 ml arachis oil (d) (Median) (Range) 
A Vagina 
0 10 0.12 <0.10-0.41 
250 ug 10 0.29 <0.10-0.43 
„000 ug 10 0.30* 0.15-0.52 
0 14 0.15 <0.10-0.24 
a ‘Thigh muscle 
AD 10 0.20 <0.10-0.51 
250 Hg 10 0.59* 0.28-0.83 
“E ,000: he 10 0.81f 0.63-1.32 





Within each experiment, comparisons were made with the initial 
0 condition using one-tailed Wilcoxon tests. Blood samples were 
collected 24h after the last injection in each treatment block. 
*P<0,05, tP < 0.01. 





progesterone affected sexual interaction by acting directly 
on the vagina. 

In experiment 2, instilling progesterone directly into the 
vagina duplicated the behavioural effects obtained with 
systemic administration in experiment 1. Figure 2 shows 
that giving 250 ug d`’ progesterone intravaginally caused a 
significant decline in mounting rate and a significant in- 
crease in sexual invitations by the females (P<0.02). The 
incidence of ejaculation declined when the dose of proges- 
terone was raised to 1,000 ng d`; however, masculine sexual 
performance returned to initial control levels after intra- 
vaginal progesterone treatment was stopped. Females’ 
acceptance ratios remained high throughout the experiment. 
Intravaginal administration of 250 ug progesterone had no 
significant effect on plasma levels, although treatment wit 
1,000 ug caused a slight, though significant increase (Table 
1A). These findings suggest that progesterone altered sexual 
interaction primarily by acting on the vagina. The increased 
display of sexual invitations by females which was observed 
did not, therefore, result from the direct action of proges- 
terone on neural tissues controlling this behaviour. Instead, 
it may reflect an attempt by females to compensate be- 
haviourally for a progesterone-induced reduction in sexual 
attractiveness. 
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Fig. 3 Effect of low doses of progesterone intramuscularly 
on sexual interaction (experiment 3). Six females were tested 
with one of five males. Data points are based on six pairs, 
exceptions being indicted in parentheses. Behavioural parameters 
(a, male; b, female), statistical analysis and symbols. as in Fig. 1. 


These conclusions were supported by the results of ex- 
periment 3, in which the same low doses of progesterone 
were administered intramuscularly instead of intravaginally. 
Plasma levels of progesterone increased significantly when 
250 pg d` progesterone was given intramuscularly (Table 
1B); however, this treatment had no significant effect on 
sexual interaction (Fig. 3). Giving 1,000 ug progesterone 
raised plasma progesterone levels even more and caused a 
significant decline in males’ mounting rate and ejaculation 
(P<0.05). The females’ receptive behaviour was not 
affected, although in this experiment the increase in their 
sexual invitations induced by progesterone was not signi 
ficant. The fact that progesterone in the lower dosage had 
to be instilled directly into the vagina (experiment 2) to 






affect sexual interaction demonstrates that the behavioural 
effects of this steroid resukt from its action in this tissue. 

Oestradiol enhances sexual attractiveness of female 
monkeys by affecting the vagina”. It may act by stimulating 
the emisston of olfactory attractant cues’ or by altering 
the tactile quadities of this tissue. Progesterone could reduce 
the sexual attractiveness of the females by blocking these 
effects of oestradiol in the vagina. A comparable anti- 
oestrogenic actton of progesterone has been demonstrated 
m the oviducts of rhesus monkeys’. Alternatively, proges- 
terone could act synergistically with oestradiol to stimulate 
the production of a vaginal olfactory cue which actively 
reduces female sexual attractiveness. Either mechanism 
could account for the reduction in sexual attractiveness 
which has been reported in different primate species’* (in- 
cluding humans’) at times when the female’s paama proges- 
terone levels are elevated. 
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Hypertensive effect of 


17a, 200—dihydroxyprogesterone and 
17a-hydroxyprogesterone in the sheep 


ANIMAL experimental models of high blood pressure as caused» 
for example, by renal artery constriction or administration 
of mineralocorticoid hormones and salt, have yielded basic 
data on physiological processes which’ have helped in the 
diagnosis and treatment of human hypertension. The discovery 
that ACTH administration causes a reproducible hypertension 
of rapid onset in the sheep provided a new model for analysis! ?. 
Certain clinical observations have indicated that there may be 
as yet unidentified steroids which are causally involved in some 
hypertensive states: for example, instances of high blood pressure 
in children and adults which were corrected by dexamethasone 
treatment?, and reversal of high blood pressure in the low 
renin group of essential hypertensives by inhibitors of steroido- 
genesis or by spironolactone have been described‘*. We report 
here the hypertensive effect of 17a, 20a-dihydroxyprogesterone 
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(170,20a-diOHP; 17a,20q-dihydroxy-4-pregnene-3-one) and 
17a-hydroxyprogesterone (17a-OHP) in sheep made hypertens- 
ive with ACTH. These two progesterones were identified in 
the adrenal venous effluent from ACTH-hypertensive sheep 
and were shown to be secreted in greatly increased amounts. 

Animal experimental procedures have been described in 
detail previously''*. The animals were habituated over several 
weeks Of training to blood pressure measurement by the sams 
observers, and the daily mean was based on 6-8 readings 
during Morning and afternoon. In the absence of a recog- 
nisable disturbance in the laboratory, variation in the trained 
animal during the day was small—less than 5 mmHg. After 
a control 3-5-d period, intravenous steroid infusions were 
carried out over 5 d using the same measurement protocol as 
in the ACTH and the other steroid infusion experiments? *. 

ACTH administration (80 IU d-) to the intact, but not 
the adrenalectomised sheep, results in a significant elevation 
of arterial blood pressure within 24 h and this is sustained over 
5-10 d of ACTH treatment? (Fig. 1, group e). Hypokalaemia, 
an increase in plasma sodium, and increased water intake and 
urine output were also observed!. Changes in blood pressure 
were not related to changes in external body Na status or in 
body weight. Intravenous infusion of cortisol, corticosterone, 
deoxycorticosterone (DOC), aldosterone and 11-deoxycortisol 
either singly, or in combination at rates to give blood levels 
similar to those found during ACTH administration (cortisol, 
5 mg h71; corticosterone, 0.5 mg h7}; 11-deoxycortisol, 1 mg h~}; 
DOC, 25 ug h~t; aldosterone, 3 pg h`», failed to reproduce 
the elevation in blood pressure’ (Fig. 1, group a). The combined 
steroid infusion, however, did reproduce all other metabolic 
responses seen in the ACTH experiments’’?. In addition, the 
combined steroids together with 18-hydroxydeoxycorticosterone 
(18-OHDOC, 100 ug h~t) did increase blood pressure on the 
fifth day? (Fig. 1, group b). This has been confirmed in an 
additional six experiments. 


r t 


pó pt 


S&SESS 


Blood pressure (mmHg) 














Day |Pre 1 5 |Prel 5 {Pre 1 5|Pre1l 5 |Prel 5 
a b c d e 
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betore (pre) and aft after I and 5 d of the combined steroid infusion 
(group a); combined steroid plus 18-OHDOC (group 5); com- 
bined steroid plus 17a-OHP (group c); combined steroid plus 
17a,20a-diOHP (group d), and ACTH (group e). Statistical 
comparisons with control (pre) observations have been made 
using Students’ ¢ test for paired observations. *P<0.05; **P< 

0.01; tP<0.005. 


The animals in the first group (n = 5) were given the com- 
bined steroid infusion together with 17a-OHP (Steraloids Inc.) at 
a rate of 1 mg h™ for 5 d. This rate approximated the rate of 
adrenal secretion of the hormone measured during ACTH- 
induced hypertension in conscious trained sheep with an adrenal 
transplant’, or with an adrenal-jugular bypass operation’. 
The administration rate was thus in the physiological range 
of adrenal functional capacity to secrete the hormone. Systolic 
blood pressure increased from 82 + 1 (mean + s.e.) to M 2 
and 102 +2 mmHg on the fourth (P<0.05) and fifth day 
(P<0.005), respectively (Fig. 1, group d). Diastolic blood 
pressure showed a significant increase 56 + 1-61 + 1 mmHg on 
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the second day (P< 0.005). Neither systolic nor diastolic blood 
pressure was elevated within the first 24 h. 


steroid infusion together with 17a,20a-diOHP (Steraloids Inc.) 
at 500 ug h-!. As in the first group, this rate approximated 
the physiological output determined during ACTH-induced 
hypertension and both systolic and diastolyic blood pressure 
were raised significantly within 24 h. Systolic pressure rose from 
c); on the final day of infusion, it was 100 + 3 mmHg (P<0.01). 
Diastolic blood pressure rose from a control of 60 + 3 to 
68 + 3 mmHg (P<0.01) and was significantly elevated at 

Preliminary experiments in two animals indicated that 
neither 170-OHP nor 17a, 20a-diOHP, when infused alone at 
the same rate as described above, caused any increase in blood 
pressure over a 5-d period. In a further two experiments where 
they were given together with the combined steroid infusion, 
the blood pressure response was similar to that seen in the 
second group of experiments. 

In the study with combined steroid plus 17a,20a-diOHP, 
urinary sodium response involved a rather more sustained 
initial sodium retention than with ACTH, although blood pres- 
sure effects were similar. All other metabolic responses were 
similar to those in response to ACTH. The more sustained 
urinary Na retention occurred both with 17a-OHP with com- 
bined steroid, and when 170,20a-diOHP and 17a-OHP were 
infused together with the combined steroid mixture. When 
either of these steroids was infused alone, without the con- 
current combined steroid infusion, they were without effect on 
urinary sodium excretion. 

There is, however, evidence that urinary sodium retention 
is not the primary mechanism of ACTH hypertension. Sodium 
depletion of 15-20°4 of the exchangeable sodium pool by 
acute parotid duct cannulation before the start of 5 d of 
ACTH treatment, reduced urinary Na excretion to basal 
levels. In six animals this did not alter the time course 
of the blood pressure response to ACTH*®. Sodium 
depletion was also carried out in seven animals after the 5-d 
ACTH treatment, with ACTH being continued over a 
further 2 d. The blood pressure, though reduced by depletion 
was still significantly elevated at the end of the sodium de- 
pletion period®. In five experiments where ACTH was given 
24 h after bilateral nephrectomy, there was no difference in 
blood pressure response from that of intact animals. Although 
these data support the theory that urinary sodium retention 
is not the cause of the ACTH hypertension, we cannot formally 
exclude the possibility that it may be influential in the hyper- 
tensive effect of 17a-OHP and 170,20a-diOHP plus combined 
steroid infusions. 

Hypertension associated with excessive endogenous steroid 
production or administration of exogenous steroids, has been 
widely reported clinically and in experimental studies. Whereas 
the cause of increased blood pressure in some of these studies is 
well known, with others, the cause(s) are not clear. Historically, 
two classes of steroids--mineralocorticoids such as aldosterone, 
DOC and corticosterone, and glucocorticoids such as cortisol and 
l1-deoxycortisol—have been believed to be able to cause 
hypertension. The exact mechanism by which these types of 
hypertension are produced and the precise relationship between 
these steroids, sodium status and blood pressure are still 
largely undefined. Other naturally occurring steroids—for 
example, 18-OHDOC and 16-BOH-dehydroepiandrosterone— 
have been investigated for their hypertensive activities*-!°: 
the former increases blood pressure in the dog'! and sheep? but 
any hypertensive action of the latter requires confirmation. 
In the present study, two steroids previously unrecognised 
as having an hypertensive action were shown to increase blood 
pressure in sheep when given at high physiological dosages 
concurrent with, and conditional on, elevated levels of a number 
of other adrenocortical hormones. 

The mechanism by which these two steroids influence blood 


pressure is not yet clear. The fact that alone, they do not 
increase blood pressure, nor do they reduce the salivary Na-K 
ratio following ipsilateral carotid artery infusion in the Na- 
deficient adrenalectomised sheep, suggests they are not classical 
mineralocorticoids. Because doubling the cortisol component 
of the combined steroid infusion does not reproduce the blood 
pressure increase of ACTH or addition of 176,200-<diOHP, 
it is unlikely that they simply add to an existing glucocorticoid- 
type effect. If they are not glucocorticoids, then recognition 
of a class of steroids which can increase blood pressure, but 
which may not act as classical mineralocorticoids, could have 
important implications for future clinical research and experi- 
mental models of hypertension. 
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Mode of action of endogenous opiate peptides 


AS THE culmination of a search for endogenous ligands of 
the opiate receptor’™*, the structures of two closely related 
pentapeptides, isolated from porcine brain, with morphine- 
like properties in pharmacological tests, have been reported 
by Hughes et aľř. The amino acid sequences of the pen- 
tapeptides, termed methionine enkephalin and leucme 
enkephalin, are Tyr-Gly-Gly-Phe-Met (Met'-enkephalin) 
and Tyr-Gly-Gly-Phe-Leu (Leu*-enkephalin), respectively. 
They behave as highly potent opiates in the mouse vas 
deferens and guinea pig ileum assays’. In addition, animals 
tolerant to morphine are also tolerant to enkephalin’. The 
action of the pentapeptides in the guinea pig ileum’ and 
when injected intracerebrally or intracerebroventricularly’~* 
is very short lived, perhaps because of proteolytic degrada- 
tion. A related peptide, with longer chain length has been 
shown to have a long duration of action’. Morphine and 
other narcotics have been shown to bind to the opiate 
receptor’? and inhibit adenylate cyclase activity in homo- 
genates of neuroblastoma x glioma hybrid cells’, to inhibit 
cyclic AMP accumulation in intact hybrid cells "ë and in rat 
brain homogenates’. We have tested the effects of Met*~ and 
Leu’-enkephalin on NG108-15 adenylate cyclase activity, 
and show here that endogenous opiate peptides are potent, 
receptor-mediated, inhibitors of adenylate cyclase of neuro- 
blastoma X glioma hybrid cells, 

NG108-15 hybrid cells were derived (unpublished results 
of B. Hamprecht, T. Amano and M.N.) by fusion of mouse 
neuroblastoma clone N1I8TG-2" with rat glioma clone 
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C6BU-1"*. NG108-15 cells generate action potentials on 
electrical or chemical stimulation, synthesise acetylcholine 
(unpublished results of B. Hamprecht, T. Amano and 
M.N.), and form synapses with striated muscle cells”. They 
are richly endowed with opiate receptors”. 

The relationship between Met'-enkephakn, Leu'- 
enkephalin, and morphine concentrations and basal or 
prostaglandin E; (PGE;}stimulated NG108-15 adenylate 
cyclase activities are shown in Fig. la and b, respectively. 
The concentrations required for half-maximal inhibition of 
basal adenylate cyclase are 12, 40 and 1,500nM, respec- 
tively, and 20, 120 and 1,500nM for PGE,-stimulated 
activity. Therefore, Met*-enkephalin and 'Leu"-enkepbalin 
are approximately 100 and 25 times more potem than 
morphine as inhwbitors of adenylate cyclase activity. The 
activities of Met*’- and Leu*-enkephalin as thtbitors of 
adenylate cyclase are approximately equal to their activities 
as inhibitors of electrically evoked comtractions of mouse 
vas deferens smooth muscle and are five times greater than 
their activities in a similar assay with guinea pig ileum’. 
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1 Basal and PGE,-stimulated adenylate cyclase activity of 
NG108-15 homogenates as a function of concentration of Met’- 
enkephalin (CD, Leu*-enkephalin (O) or morphine (A). Re- 
action mixtures were incubated for 5 min at 37 °C with 97 ug of 
homogenate protein pei tube. Other conditions are described ın 
Table 1. Met*-enkephalin was synthesised by the rapid solid- 
phase procedure of Corley et a/.™ The peptide product (approxi- 
mately 80% pure) was punfied by high-pressure liquid chroma- 
tography using a SANE shad are system (Corasil, Waters Associ- 
ates) and an acetonitnke, 0.1-M acetic acid gradient Leu*’-enke- 


phalin, a synthetic product, was the gift of Drs R Simantov and 
S. H. Snyder. 


The effectiveness of Met*-enkephalin (1.6 x 107 M) as an 
inhibitor of adenylate cyclase decreases during incubation 
(Fig. 2), and is lost after approximately 20 min. The degree 
of inhibition by morphine (2X 107° M) also decreases during 
incubation, but to a lesser extent. Further work is needed 
to determine whether Met*’-enkephalin and morphine are 
inactivated during incubation or whether an activator of 
adenylate cyclase is formed. 

The effect of naloxone, an opiate antagonist which com- 
petitively inhfbits narcotic binding to the opiate receptor, 
on Met’-enkephalin or morphine-dependent inhibitions of 
adenylate cyclase are shown in Fig. 3a and b, respectively. 
Different concentrations of naloxone were used in the 
presence of 10°", 10°’ or 10°°M Met’-enkephalin or in Hs 
absence. Naloxone completely reverses the inhibition of 
adenylate cyclase by each concentration of Met*-enkephalin 
tested. As expected for competitive interactions at a single 
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Table 1 Effect of Met*-enkephalin and morphine on adenylate cyclase 
activity in homogenates of neuroblastoma x glioma hybrid and 





parental cell lines 
Cell line 

Hybrid Neuroblastoma Glioma 

Additions NG108-15 N18TG-2 C6BU-1 
pmol cyclic AMP per min per mg protein 

None 41.4 13.2 15.8 
Met®-enkephalin 272 14.7 15.1 
Morphine 35.9 16.8 16.8 
PGE, 217 115 20.5 
PGE, + Met*-enkephalin 168 120 18.4 
PGE, +morphine 164 121 20 2 





Adenylate cyclase activity was measured by the procedure of Salomon 
et al.” with modifications described before!*. Each reaction mixture 
contained, in a final volume of 100 ul: 30 mM Tris-HCI, pH 7.5, 
5mM MgCl; 160 mM sucrose; 20 mM creatine phosphate; 10 U of 
creatine ase; 1 mM 7H-cyclic AMP (10,000 c.p.m.), 0.5 mM 
RO20-1724 (0.1% ethanol final concentration); 1 mM a-?*P-ATP 
(10* c.p m.); and where indicated, 0.16 uM Met*-enkephalin; 20 yM 
morphine sulphate; and 10 uM PGE,. In addition, 90, 95 and 118 pg 
of homogenate protein was present for NGIO8-15, NI8TG-2 and 
C6BU-1, respectively. Tubes were incubated for 3 min at 37 °C. 
Reactions were stopped with 1 ml of 5 % trichloroacetic acid containing 
[ mM ATP and I mM cyclic AMP. **P-cyclic AMP and 'C-cyclic 
AMP (for recovery) were counted after purification as described by 
Salomon ef al,**. Cell lines, growth conditions and the adenylate 
cyclase assay method have been described previously (refs 14 and 15 
rerio geet naa results of B. Hamprecht, T. Amans and M. N.). 
W cells, suspended in 0.32 M sucrose, 0.01 M Tris-HCI at pH 
7.5 were stored at —80 °C before use. 


site, the amoum of naloxone required to reverse the actions 
of Met*-enkephalin or morphine is a function of the affinity 
of the receptor for the ligands and their concentrations. The 
dissociation constant of naloxone, Ke, calculated™ from the 
data in Fig. 3a and b is 3X10°M for reversal of Met'- 
enkephalin inhibition and 210° for reversal of morphine 
inhibitron (see legend to Fig. 3). These values agree well 
with the dissociation constant of naloxone of 2x*10°'M 
previously determined by direct measuremem of the binding 
of *H-naloxone to the opiate receptor of the hybrid cells”. 
As Table 1 shows, Met’-enkephalin and morphine inhibit 
adenylate cyclase in homogenates prepared from NG108-15 
hybrid cells, but not adenylate cyclase of the glioma parent, 
C6BU-1, which lacks marcotic receptors, or the neuro- 
blastoma parent, N18TG2, which thas fewer narcotic 


Fig. 2 Time course of cyclic AMP formation by NG108-15 

homogenates (97 ug per protein per tube) in the presence of 

2x10-* M morphine (O), 1.6x107 M Met®-enkephalin (@), 

or in the absence of added inhibitors (A). Assay conditrons 
were as for Table 1. 
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receptors than NG108-15 hybrid cells“. These data, 
together with the naloxone reversal of enkephalin inhibition, 
show that both opiate receptors and enkephalin are required 
for the Inhibition of adenylate cyclase activity. 

The apparent inhibition constants for adenylate cyclase 
of Met'- and Leu*-enkephalins as well as morphine and 
some peptides which are fragments of enkephalin are sum- 
marised in Table 2. The K, for Met*-enkephalin is 12-20 nM. 
Leucine enkephalin is three to six times less active an in- 
hib#tor than Met*-enkephalin and the enkephalin fragments 
tested thad little or no effect on adenylate cyclase actavity. 
In other experiments, not shown here, the diend tripeptides 
did not antagonise morphine-dependent inhibition of 
adenylate cyclase. Met*- and Leu’-enkephalins are somewhat 
More potent inhibitors of basal, than PG#E)-stimulated 
adenylate cyclase. Morphine usually behaves similarly, 
although not in the experiment shown here. These observa- 
tions show that opiate and PGE; receptors are functionally 
coupled either by allosteric interactions or by competition 
for the same site on the enzyme. 
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Fig. 3 a, relatronship between naloxone concentration and the 
reversal of adenylate cyclase inhibition by 0.01 (A), 0.1 (CD, or 
1 M (@) Met®-enkephalin. Also shown is the relationship 
between naloxone concentration and adenylate cyclase in the 
absence of Met®-enkephalin (O). Assays were for 5 min with 
87 ug of homogenate protein per tube. b, e similar experiment 
without morphine (O), or with 1 M morphine (@); or 100 pM 
morphine (V). Reaction mixtures (90 ug of homogenate protein 
per tube) were incubated for 5 min. Other assay conditions are 
described ın the legend of Table 1. Equilibrium binding constants 
(K,) for naloxone were calculated by finding the concentration 
of naloxone at which the adenylate activity, in the presence 
of the t concentration of inhibitor, is equal to that measured 
in the of naloxone at an inhibitor concentration 100 
times lower. This concentration of naloxone is, by the dose-ratio 
method®*, equal to 99 times K.. 


Our experiments show that endogenous opiate peptides 
can be assayed rapidly by determining the opiate-peptide- 
dependent inhibition of adenylate cyclase which is reversed 
by naloxone. The range of the assay is 0.2-5.0 pmol of 
Met’ enkephalin per 100u/1 of reaction mixture or 
0.1-2.5 pmol per 504l of reaction mixture. Thus, we 
have found, in collaboration with Goldstein and Cox, that 
a peptide which has been purified extensively from pituitary 
tissue” and has a higher molecular weight than enkephalin 
is a potent inhibitor of both basal and PGE,-stimulated 
adenylate cyclase of NG108-15 cells. Enkephalin antagonists 
can be assayed in a similar manner. 
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Table 2 Activity of peptides and morphine as inhibitors of adenylate 


cyclase in NG108+15 homogenates 
K,* (aM) 

Compound Basal PGE, 
Ee S 12 20 

(Met*-enkephalin 
Tyr-—Gly—Gly—Phe— 40 120 

Aieienkephala) 
Morphine 1,500 1,500 
Tyr—-Gly-Gly > 1,000, — 
Gly-Gly-Phe > 1,000, — 
Phe-Leu > 1,000,000 — 


ae cyclase activity was determined as described in the legend 
of Table 1. 

*Concentration of peptide required for half-maximal inhibition 
of basal or PGE, (10 M}-stimulated adenylate . Maximal 
eee of adenylate cyclase activity usually is % of total 
activity’. 

light activity at 10-3 M (0-20% inhibition of adenylate cyclase). 
No inhibition at 10— M. 


An important question, that can be studied with custures 
of NGI08-15 cells, is whether the endogenous opiate 
peptides are addictive. As reported previously”’”*, NG108-15 
cells and perhaps animals as well” chronically exposed to 
morphine, become tolerant to and dependent on morphine 
due to dts dual action in inhmbiting adenylate cyclase and 
eliciting a gradual increase in adenylate cyclase activity 
which compensates for the inhibition. Experiments are in 
progress to test whether hybrid cells become tolerant to 
and dependent on enkephalin and other opiate-like peptides. 

Opiate peptides, 5-31 amino acid residues long™™, as 
well as #-melanocyte-stimulating hormone (@ MSH) ap- 
parently are derived by proteolysis of a common precursor, 
B-lipotropin”, which had been ésolated from pituitary”. 
Thus, B4ipotropin is a precursor of both an activator of 


_ adenylate cyclase (8-MSH)”, and inhibitors of this enzyme 


(opiate peptides). Presumably, 8-MSH and the endogenous 
Opiates are recognised by different species of receptor which 
may be on the same or on different cells. Thus, positive and 
negative responses could result in separate cells or a single 
cell from different peptides derived from the same pre- 
cursor. 

The endogenous opiate peptides seem to be neurotrans- 
otters or hormones which are destined for neurones with 
opiate, receptors. The opiate peptide-receptor complex is a 
potent inhibitor of adenylate cyclase and thus the activa- 
tions of adenylate cyclase by other species of neurotrans- 
mitters and hormones are suppressed. In effect, the opiate 
peptides act as pleiotropic desensitisers of many kinds of 
receptors which, in concert with the corresponding ligands, 
activate adenylate cyclase. Prolonged exposure to the opiate 
peptides may lead to an increase in adenylate cyclase ac- 
tivity as previously observed with morphine and other 
narcotics”’*". Thus, the opiate peptides may regulate the 
perception of incoming messages by neurones with opiate 
receptors in both a negative and positive manner. 
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Molecular weights of antihaemophilic 
factor and von Willebrand factor 
proteins in human plasma 


Human factor VIE contains at least two biological activities, 
antihaemophilic factor (AHF) and von Willebrand factor 
(VWF). When highly purified, factor VIII is estimated to have 
a molecular weight of over 1.12™ 10°, as determined by gel 
chromatography or sedimentation equilibrium centrifuga- 
tion? Some investigators? consider factor VIH a single 
glycoprotein with a number of covalently linked subunits. Since 
factor VIII can be dissociated in certain conditions, others> ~7 
consider it to be a two-molecule complex consisting of a 
multi-subunit high molecular weight protein (> 10°) with VWF 
activity that acts as a carrier molecule for a lower molecular 
weight (2.4 x 10°) subunit with AHF activity. A third model 
suggests that both AHF and VWF are high molecular weight, 
separate proteins consisting of disulphide linked subunits?, 

These interpretations do not adequately explain certain 
clinical and laboratory observations. For example, von 
Willebrand patients infused with factor VIH preparations show 
a secondary rise in AHF activity when no measurable VWF 
activity or factor Vill-related antigen is present’. The molecular 
weight of the AHF proteins in this secondary rise, as determined 
by Agarose gel chromatography, showed that some AHE 
activity was associated with proteins with a molecular weight of 
at least Ix 10° and some with proteins of considerably lower 
molecular weight; but neither protein showed VWF activity". 
Furthermore, low molecular weight AHF has been found to 
aggregate with itself*. These findings could be interpreted more 
readily if native AHF and VWF proved to be two different 
molecules and the circulating AHF and VWF were low in 
molecular weight, comparable to that reported for the subunit 
size of reduced factor VIII. 

Using rapid quantitative ultrafiltration of whole plasma to 
estimate the molecular weight of AHF and VWF and study 
their interactions, we determined that each native protein has a 
molecular weight of less than 300,000 and they exist in plasma 
as separate molecules. 

Whole blood from healthy male and female adults was 
collected in 3.8%% citrate (9:1). All subsequent processing steps 
were carried out at the specified experimental temperature. 
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Fig. 1 Linear relationships between percentage marker proteins 
in filtrate and molecular weight on 9 different XM100 membranes 
labelled A-I. Each point represents the mean of at least 10 


pe 
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determinations. W, Albumin; ©, gamma globulin; a, B- 
glucuronidase; @, urease; ^, B-galactosidase. 


Plasma low in platelets was prepared by two centrifugations 
for 5 min at 16,000g and used immediately. 

New Amicon 25-mm diameter XM100 ultrafiltration mem- 
branes were routinely cleaned by ultrasonication (Millipore 
Ultrasonic Cleaner Model +:%X66 008 00) for 60 min in 
distilled water before use and by sonication for 15 min in 
distilled water before each application of proteins. Each filter 
was calibrated by ultrafiltration of several enzymes and other 
protein markers of known molecular weight and recalibrated 
before each subsequent use. The same filter could be used many 
times and between uses was stored at 4 °C in distilled water. 
Other methods for preparing and cleaning the membranes, 
including those suggested by the manufacturer, proved un- 
satisfactory and experiments in which they were used were, in 
general, not reproducible. 

Solutions of each protein molecular weight marker containing 
1.0 mg mi~ (100°) were individually ultrafiltered and the 








Table I Apparent molecular weight of native AHF and VWF 
determined by ultrafiltration at 37°C on ultrasonicated Amicon 
XM 100 membranes 


CT e a e A A 
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Molecular weight 


Experiment AHF YWF 
I 220,000 oe 
pi 210,000 = 
3 220,000 ~e 
4 230,000 ~ 
5 240,000 — 
6 240,000 260,000 
T 240,000 260,000 
8 235,000 280,000 
9 250,000 290,000 
10 240,000 om 
E 240,000 = 
12 240,000 280,000 
13 240,000 270,000 
l4 230,000 280,000 
15 260,000 300,000 
16 240,000 300,000 
Mean + s.d.; 236,000 = 12,000 280,000 + 15,000 





The difference between the mean molecular weights calculated 


from the paired data is highly significant (P< 0.001). 
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filtrate was assayed for enzyme activity or protein concentra- 
tion. The results were expressed as the percentage of the initial 
concentration per ml. The resulting calibration curves (Fig. 1) 
show a linear relationship between the percentage of protein 
recovered in the ultrafiltrate and the molecular weight. Each 
point represents the mean of 10 determinations on one of 9 
different XM100 membranes. The precalibrated ultrasonicated 
‘membranes could thus be used to determine the molecular 
weights of various proteins from 68,000 to ~ 600,000, without 
loss of biological activity. 

The first ml of ultrafiltrate was saliected from 3.0 ml of 
fresh plasma filtered at 37 °C under nitrogen (10 pound/inch’). 
The filtrate and retentate were then examined for AHF activity 
(two-stage assay)!*, ristocetin VWF activity!?“, and factor 
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' . Big. 2 Molecular t of AHF and VWF determined from 
the percentage of f plasma in the ultrafiltrate in a single 
‘typical experiment using membrane E. Marker proteins and 
plasma were filtered through an XM100 membrane at 37°C 

under nitrogen (10 pound/inch’). 


` VIII-related antigen (radioimmunoassay)!®. Between the filtrate, 


the retentate and the material trapped `on the filter support, . 


virtually all the AHF or VWF activity in the sample could be 
accounted for. 
' In these conditions, 53% of AHF and 47% of VWF and 
antigen activity were recovered in the ultrafiltrate in a typical 
experiment. As evident from the calibration curve, the 
percentage of AHF or VWF in the ultrafiltrate corresponded to 
a molecular weight of 240,000 for AHF and 270,000 for VWF 
(Fig. 2). With use of a number of different calibrated membranes, 
a mean molecular weight of 236,000+12,000 for AHF and 
280,000 +.15,000 for VWF was determined (Table 1) 

The fact that the AHF and VWF in the 1 ml! of filtrate was 
not a selected portion of the proteins in the 3 ml of sample 
applied was demonstrated when all 3 ml of plasma were 
filtered through a 43 mm instead of a 25 mm diameter membrane 
and similar molecular weight values were obtained. 

To assess the effect of prolonged incubation on the filterability 
(molecular weight) of AHF and VWF, fresh plasma was 
incubated at 37 °C, and samples were assayed periodically. The 
proteolytic inhibitors Trasylol (50 kI Units ml—) and benza- 
midine (2x 10-? M) were added to prevent degradation of 

‚proteins during the experiment. After 6 h of incubation, the 
apparent molecular weight of AHF increased from 240,000 to 
380,000 whereas the apparent molecular weight of VWF 
increased from 280,000 to more than 600,000. This increase was 
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attributed to aggregation of the AHF and VWF In vitro. The 
rate of aggregation proved to bé faster at lower temperatures 
(25 or 4 °C). 

Since the rate of aggregation appeared to increase with time 
and at low temperature, it was not surprising that the ultra- 
filtrates of cryoprecipitate and two commercial factor VII 
preparations contained no measurable AHF or VWF activity, 
both of which were found in the retentate. 

In summary, we have shown that the molecular weights of AHF 
and VWF in fresh human plasma are ~ 240,000 and 280,000. 
Their different molecular weights and rates of aggregation 
suggest that they are separate proteins, a conclusion consistent 


“with other data from our laboratory using solid-phase poly- 


electrolyte fractionation. High molecular weight factor VII 
seems to be an artefact arising from blood processing, low 
temperature storage, or fractionation procedures. 

Quantitative ultrafiltration offers an important new method 
for the rapid, non-destructive estimation of the molecular 
weight of microgram quantities of proteins. 

This investigation was supported by grants from the Heart, 
Lung and Blood Institute of the NIH. 
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N-terminal amino acid sequences of 
variant-specific surface antigens 

from Trypanosoma brucei 

THE major pathogenic African (salivarian) trypanosomes 
can evade the immune response through a process of 
antigenic variation (reviewed in ref. 1). Mainly due to 
Gray’s work’, this variation is thought to be phenotypic— 
involving sequential expression of alternative genes and not 
resulting from contemporaneous mutation The capacity 
for variation which exists within a clone, isolate or species, 
or within strains circulating within a geographical area, is 
uncettain (though probably extensive) and is relevant to 
an evaluation of the feasibility of developing vaccines. Al- 
though serotyping of trypanosome populations has been 
refined through the use of fluorescence methods‘, there 


-is a need to characterise the relevant antigens and investi- 


gate the molecular basis of antigenic variation. Other 
workers’ identified putative variable antigens and found 
them to be soluble glycoproteins’*’, probably located in 
the surface coat”’“. The antigen preparations obtained, 
however, were generally heterogeneous, frequently unstable 


‘or in low yield. A recent report” described the complete 


purification in good yield of mdividval varlant-spectfic sur- 
face antigens (VSSAs) from a series of clones of Trypa- 
mosoma brucei. The VSSAs seem to be the primary 
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Variants 


1 o 10 
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20 50 


I YhreAsn-Asn-His—Oly-Leu~-Lys-Leu-iin-LyseA la-GlueAla-[le+Cys~Lys—Me t+Cys-Lys~Glu- 


TI Ala-Lys~-Glu-Ala~Leu-rlu-Tyr-Lys-Thr~Prp-Thr-A sn-His-Cys—Gly-Leu-Ala-Ala-Thr-Leu-Arg-Lys—Val-Ala-Thr- ly-Val-Leu-Thr-Lys-Leu-Lys-S er-His-Ile- 


IIL Thr-AspeLivs-Gly-Ala-~Ule-Lys-Phe-~Glu~Thr-Tr p-~Glu-Pro-Leu~ln-Leu-Leu-Thr-Gin-As p~Phe-Gly-isn-Leu-Tyr-A sn=Lys~A La-Lys- 


TV Ala~Glu-Ala-Lys-Ser-Asp-Thr-A La-Ser-Gly-Ser-Val-Asn-$ er-Pro-Gln-Thr-Gl ad la-Thr-Tyr- 


Lys is, gs A 
i ~Asn-~Leu-Asp~ 


~Ala-GIn-Lea-A la-Lys-Thr-Leu-iineArg-Ala-Leu-Asp~ 


Fig. 1 Amino terminal sequences of variant-specific surface antigens from four successive trypanosome variants. Sequences were obtained 
Sy automated liquid-phase and solid-phase techniques (see text). Phenylthiohydantoin derivatives were identified by high-pressure liquid 
chromatography on a column of microbondapak-C,, reverse-phase support (Waters Associates) using a Waters liquid chromatograph fitted 
with an ultraviolet detector. Solvent I was water~methanol-acetic acid (90:10:0.25), pH 4.1, and solvent 2 was water-methanol-acetic acid 
(10:90:0.025). A linear gradient of 95% solvent 1:5°% solvent 2 to 40% solvent 1:60°% solvent 2 was run at a flow rate of 2 ml min-?. Normal 
sample quantity was 1-5 nmol, but where less sample was available, acetone was added to solvent ! (50 ul 179 to give a flat baseline at high 
detector sensitivity. Identifications were confirmed by either thin-layer chromatography (all residues except His and Arg for positions 1-25), 
gas-liquid chromatography (non-polar residues) or amino-acid analysis after back-hydrolysis with HI (all residues except Trp and Met) (for 
details see ref. 19). Average repetitive yield was 93.5%. Residues in italics are interim assignments. 


mediators of antigenic variation in T. brucei. Each anti- 
genicahy homogeneous trypanosome clone yields one 
predominant glycoprotein antigen composed of a single 
polypeptide chain (apparent molecular weight 65,000 as 
determined by sodium dodecyl sulphate (SDS)-polyacryl- 
amide gel electrophoresis) and, depending on the variant, 
7-17% (w/w) carbohydrate (unpublished results of J. G. 
Johnson). The VSSA seems to be the major or sole consti- 
tuent of the surface coat and comprises 5-10% of the total 
cell protein. Studies of the amino acid sequences, carbo- 
hydrate constitution and = cell-surface organisation of 
several VSSAs are in progress, and we report here the 
N-terminal amino acid sequences of VSSAs isolated from 
four closely related variants. 

Antigens were purified as described previously’, from 
a series of clones prepared from cell populations isolated 
during 3 weeks from a single rabbit infected with a cloned 
strain (427) of T. brucei. N-terminal sequences (Fig. 1) 
were generally determined on approximately 8-mg 
amounts of intact S-“C-carboxymethylated antigens using 
a dilute Quadrol programme™ in a Beckmann 890C se- 
quencer. Runs were performed in duplicate. The sequence 
of variant TI was identical in two samples purified on sepa- 
rate occasions. Limited tryptic digestion (unpublished results 
of G. A. M. C. and J.G. Johnson) of variants I and TIT pro- 
duced in each case a single large fragment of molecular 
weight 48,000 and 45,000, respectively (estimated from SDS- 
polyacrylamide gel electrophoresis). After purification on 
Ultrogel AcA 54 (variant ITD or by isoelectric focusing 
(variant D, 1 mg of each tryptic fragment was attached to 
3-aminopropyl glass using phenylene diisothiocyanate” and 
was degraded in an LKB 4020 solid-phase sequencer using 
a single cleavage programme (LKB Biochrom Ltd) similar 
to that described by Laursen’, The N-terminal sequences 
of these fragments from variants IT and TIT were identical 
to the respective intact proteins through residues 2-15. The 
results for variants I and IT extend and confirm those 
obtained previously using a micro solid-phase technique”. 

These results confirm the homogeneity of the purified 
antigens and demonstrate an absence of sequence hom- 
ology in the N-terminal region. Sequential cleavage tech- 
niques generally permit identification of the initial 30-40 
residues of an intact protein. This represents only 6% of 
the VSSA molecule. Future work, involving subfractiona- 
tion of the antigen, will extend these sequences and may 
reveal homologies in other regions of the molecules. Other 
evidence (unpublished results of G. A. M. C. and J. G. 
Johnson) however, suggests that extensive variation occurs 
along most of the polypeptide chain, but that nevertheless 
there may be some conservation of tertiary structure, as 
indicated by the characteristics of selective tryptic cleavage 
of the native antigens. The isolation of large tryptic frag- 
ments with intact N-terminal regions containing several 
lysine residues from variants I and TIT suggests that the N- 


terminus of the native VSSA is relatively protected from 
proteolytic attack. This observation, coupled with the re- 
producibility of sequences obtained with different prepara- 
tions of VSSA, makes it likely that the reported sequences 
represent the true N termini of the intact antigens. 

Except in respect of their lack of homology, the reported 
sequences are without intrinsically striking features. The 
amino acids are present in proportions which reflect the 
overall VSSA amino acid compositions. Even if the amino 
acid sequences of the VSSAs analysed in the study re- 
ported here are later shown to be atypically hypervariable, 
it seems that evolution of the genes responsible for 
successive variant types is a consequence of the accumula- 
tion of countless mutations. Our continuing structural 
studies are focusing on a search for regions of constant 
(or less variable) sequence which we hope will provide clues 
to the evolution of these antigens and also clarify the 
features necessary for their integration into the trypano- 
some surface membrane. 

This work was performed in part at the Department of 
Microbiology, University of Alabama Medical Center, 
Birmingham, Alabama. 
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Enzymatic synthesis of deoxy-5-methyl- 
cytidylic acid replacing deoxycytidylic acid 
in Xanthomonas oryzae phage Xp12 DNA 


PHAGE Xpl2 on Xanthomonas oryzae was isolated from the 
irrigation water of a rice field. In the DNA of this phage, 
cytosine is completely replaced by 5-methylcytosine’. Isotope 
tracing studies on the biosynthesis of this unusual pyri- 
midine demonstrated that methylation of this cytosine is 
different from that of the 5-methylcytosine which is found 
in trace amounts in most plant and animal DNAs. The 
latter is methylated by methionine. On the other hand, the 
methyl group of 5-methylcytosine residues of Xpl2 is 
derived from the 3-carbon of serine and not from the 
thiomethyl carbon of methionine’. In this investigation, the 
synthesis of deoxy-5-methylcytidylic acid (dGSMCMP) was 
found to take place at the level of nucleotide, with deoxy- 
cytidylic acid (CMP) and formaldehyde as substrates in the 
presence of 5,6,7,8-tetrahydrofolic acid (THFA) and an 
enzyme preparation from X. oryzae infected with Xp12 
phage. This reaction seems to account for the synthesis of 
the unique pyrimidine, 5-methylcytosine, which occurs in 
the DNA of phage Xp12. 

Exponential phase X. oryzae strain 604 grown in PS 
medium? (potato, 200g: peptone, Sg; sucrose, 15g, 
Ca(NO;)}.4H2O, 0.5 g; NasHPO;.12H20, 2 g in 11 of distilled 
water) was infected with a fivefold excess of Xp12, which 
has a latent period of 120 min in these conditions; aeration 
was continued for 40 min after infection. The cultures were 
rapidly chilled to 2 °C and the organisms were collected by 
centrifugation. After washing and resuspension in 0.05 M 
Tris-HCI buffer, pH 7.5, the cells were disrupted by using a 
Blacktone Model BP-2 Ultrasonic Probe. Unbroken cells 
and other particles were removed by centrifugation at 
8,000¢ for 5min. The supernatants were dialysed against 
0.05 M Tris-HCl, pH 7.5 at 4 °C for 4h. To show the induc- 
tion by the phage of synthesis of the enzyme with methy- 
lating activity, protein synthesis was inhibited by the 
addition of chloramphenicol (30 ug mI“) just before phage 
infection. Extracts from uninfected and chloramphenicol- 
treated bacteria were prepared by the same method from 
parallel cultures. The protein concentration was approxi- 
mately 13 mgml’ as measured by the method of Lowry 
et al’. 

The reaction mixture (1501) contained 50l enzyme 
extract, 10umol dCMP, 0.8 nmol THFA, 2umol "“C- 
formaldehyde (2m Ci mmol"), 50umol MgCh.6H,O, 
32 pmol 2-mercaptoethanol!l and 40 umol Tris-HCl, pH 7.5. 
The mixtures were incubated at 30°C for 30min. The 


Table 1 Incorporation of H“CHO into deoxy-5-methylcytidylic 
acid by extracts of Xp12 infected X. oryzae 


Reaction Specific activity 
mixture (nmol dSMCMP formed per mg 
protein in 30 min) 
Complete system* 20.0 


Complete system —Mg?* 15.7 
Complete system — THFA 1.5 
Complete system —dCMP 0.6 
Reagent mixture-+ boiled enzymet 0.8 
Reagent mixture +-extract of 

chloramphenicol-treated cells} 0.8 
Reagent mixture -+- extract of 

uninfected cells 1.6 





*Complete system as described in text. 

tExtract from infected bacteria was heated for 5 min in boiling 
water. 

tExtract from infected bacteria treated with chloramphenicol. 
Chloramphenicol was added just before phage infection. 
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reaction was stopped by adding 15041 of LOM sodium 
acetate, which dissociated ‘active formaldehyde’ to for 
maldehyde and tetrahydrofolate’, followed by [00 ul of 
0.4M dimedone (in 50% ethanol) to precipitate formalde- 
hyde®. The mixture was heated in boiling water for 5 min 
and the precipitated protein and formaldehyde were 
removed by centrifugation at 8,000¢ for 5 min. The super- 
natant and authentic dSMCMP, prepared from Xpi2, were 
applied respectively to Whatman No. | chromatography 
paper and developed with isopropanol-HCl-H:O (65: 16.6: 
18.4). 

Table 1 shows that the extract of infected cells promotes 
the synthesis of d5MCMP. A sharp peak of radioactivity 
was detected at the position corresponding to authentic 
dSMCMP. For general enzyme assays, the area round the 
peak was cut out from the paper, placed in a vial, and the 
radioactivity counted with a Packard Model 3375 scintil- 
lation spectrometer. To identify the reaction product, the 
spot containing the radioactivity was cut out and eluted 
with water. The eluate was dried and hydrolysed with 3) gl 
of 90% formic acid at 175°C for 30min. Acid hydrolysis 
of the nucleotide yielded a base with R: identical to that of 
authentic 5-methylcytosine in three solvent systems: io- 
propanol-HCl-H:O (170: 40:39), n-butanol-HiO (86: 14) 
and n-butanol-H.O (86: 14) with 5% NH.OH in air. For 
further identification, a small amount of the substance 
obtained by evaporation of the eluate from a chromatogram 
spot was deaminated with HNO». Deamination was carried 
out by adding 50u] of 2M NaNO, and 10u! of glacial 
acetic acid to the eluate. After standing overnight at 25 °C, 
the solution was applied directly to Whatman No. | paper. 
A sample of authentic 5-methylcytosine was treated in the 
same way. Both the unknown and authentic 5-methyl- 
cytosine were found to convert into a substance identical 
to thymine in its chromatographic properties. 

On the basis of these observations, we conclude that an 
enzyme found in the infected bacteria catalyses the direct 
methylation of dCMP, but that this enzyme, deoxycytidylate 
methyltransferase, is absent from uninfected cells, The 
reaction required the presence of THFA and Me**, in 
addition to dCMP and formaldehyde as substrates. Deoxy- 
5-methylcytidylic acid can thus be synthesised in phage 
Xp12-infected X oryzae by the following reaction 


THFA, Me** 
dCMP+HCH0 mme -> GSMCMP 


This work was supported by a grant from the National 
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Definitions of free energy 
levels in biochemical reactions 


IN considering the energetics of an enzyme-catalysed reaction 
it is of interest to enquire into what constitutes the “drive”, 
ina thermodynamic sense, for the reaction, particularly when 
the enzyme is involved in an energy-coupled process. Thi 





tis offen 
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arises when. speculations are made on the operation of a system 
on the basis of equilibrium constants for the reaction scheme 
determined on the system, or fragments of it, in vitro. In the case 
of active transport or muscular contraction the free energy for 
transport or contraction is derived from the hydrolysis of ATP 
and the overall drive arises because the chemical potential of 
ATP is greater than, that of its products (ADP and P,) at 
physiological concentrations. But to understand how the drive 
is expressed in the mechanism of such processes it is necessary 
to consider and define the relative free energy levels of the 
intermediates of the reaction. The free energy and standard 
free energy as normally defined as not sufficient for this purpose. 
They both, in general, refer to the system as a whole and are 
used in the context of free energy changes involving substrates, 
products and ligands. The drive of the system, in the sense 
used here, is to be sought in the relative disposition of the free 
energy levels of an individual (time-averaged) macromolecule 
and in the manner in which these levels favour (stochastically) 
a particular direction of the flux in what may be a complicated 
reaction scheme. We refer to these free energy levels of indi- 
vidual macromolecules as the “basic” free energy levels. 
To avoid confusion we have termed the overall free energy 
change of the whole system for a given transition as the “gross” 
freo energy change. The definitions of and relationships between 
the standard, basic, and gross free energy levels for a system 
of macromolecules (either in free solution or immobilised) are 
given below, together with a simple example relevant to muscular 
contraction. A more mathematically detailed version of this 
work with more complicated examples for both muscle and 
active transport has been published elsewhere?>?. 

We consider a macromolecule (for example, enzyme) which 
can exist in a number of states (for example, enzyme-substrate, 
enzyme-product). In free solution, dilute with respect to enzyme, 
the chemical potential of the /th state can be written (per 
molecule and neglecting the activity coefficient) as 


Hi = w°:-+AT Inc, (1) 


In the case of active transport and of muscle, the macromole- 
cule is bound and the chemical potential can be derived from 
statistical mechanics! as 


u = Ay +kT Inp, (2) 


where A, is the Helmholtz free energy of one macromolecule 
in the ‘th state and p; is the probability of occupancy of this 
state (Lp. = 1). As this expression is the more general we shall 


use it throughout, noting for the free solution case that c; = 
bp, and A; = ui +AT Inb, where b is a constant. (In the bound 
macromolecule case, A; is essentially the same as the Gibbs 
free energy G, since the two quantities differ only by a negligible 
pV, term.) 

The free energy change for a transition between two states 7 
and / of a macromolecule E can now be defined (for a kinetic 
scheme which may have a large number of steps and hence 
states of E). For generality, consider a transition involving 
the binding of a ligand (or substrate, and so on) 


a* ij 
E+LSEL (3) 
Gy: 


where E and EL are the 7th and the jth states respectively, a*,, is 
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the (second order) forward rate constant and ay, is the (first 

order) reverse rate constant. (The asterisk replaces the prime used 

previously!* to denote second order quantities, to prevent 

confusion with the different assignment of the latter as below.) 
Tho standard free energy change is 


Ap’ y = Ai tu*i—A, (4) 


Note that we use A in the unconventional sense (initial) — 
(final), to make most such quantities used below positive. 
The basic free energy change ts 


AA’; = A,+uUL—A, (5) 


The gross free energy change is 


An’ y= Wit Ui My 
— AA’ AT In(p,/p,) 


Tbe meaning given to the prime here is as follows: A; and 
A; can be considered as the free energy levels of individual 
macromolecules, but where binding of a ligand occurs one of 
them must be ‘“‘corrected” for the actual (not ‘“standard’’) 
ligand concentration if they are to be compared?*. Thus we 
can write A'r = Ag+; or more generally A) = Aithn, 
and the use of the prime implies that the As have been “correc- 
ted” where appropriate. 

The standard free energy change can be determined if the 
conventional equilibrium constant (K*,, = a",,/a,,) for the 
transition is known, since 


Ars = kT Ink*,, (7) 


Note that the asterisks refer to the “second-order” quantities. 
It is worth noting that for most biological reactions in free 
solution the standard and gross fres energy changes are, of course 
simply related to the corresponding standard and “actual” 
molar Gibbs fres energy changes, that ıs, —AG®,, = N,Au°,, and 
—AG,, = NoAy’,,, where N, = Avogadro’s number ‘and the 
A on the left in both cases is the customary A = final — initial. 
We approach these changes, however, from the unconventional 
point of view of single transitions between free energy levels of 
macromolecular states on a pseudo-isomeric basis and it is 
appropriate to consider the changes on a “per molecule” basis. 
It is easily shown that the basic free energy change is given by 


AA‘, = kT Inc. K "u = kT Ink,, = kT In(a,,/a,,) (8) 


where Kı; = cr K*,,, and a,(=c,a*,,) is the pseudo-first-order 
rate constant for the transition in question. 

Thus, “correcting” for ligand concentration yields first-order 
rate constants and the corresponding (basic) equilibrium 
constants, which can be treated as if the transition occurred 
between isomers of the macromolecule. 

Since the basic free energy change refers to the difference 
between the free energies of states of a single macromolecule, 
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and hence influences its stochastic behaviour, it is of fundamen- 
tal importance in determining the drive in a reaction sequence. 
A diagram of the relative basic free energy levels (see Fig. 1) is, 
as shown above, closely related to the kinetic description in 
terms of first-order rate constants (though energy barriers 
between states are not shown in Fig. 1). Thus a downwards 
change favours flux through the system in the direction of the 








basic change by a term (AT Inp,/p,;) in equation (6), This ia | 
typical “concentration” term of purely entropic origin, A 
situation may thus arise where the basic free energy change 
between two successive states is small, but the gross free 
energy change is large. (This can occur in an enzymatic cycle — 


when the transition i ->j is the rate-limiting step, so that in the 
steady state p; > p. An example of this is given below.) 





(MADP+P } mamae 
y | [MADPEP A 
MEATP giten eres wel a — MATR oo MOSER 
M- ATP: Pao | 
| 
Apl 2AT 
MAP — 
(MADP+? | 
Dpt 228kT App 22BKT 
“ee M'ATP =e ¢ OOG 
2kT MADR PP.” 0-858 
| M ATP} 
=p MADPHP WAP sort MADPP— 4 S5300 
| p| mape, MADPAR TTO 040 
MUADPP =m -5 
a M+ADP+P enki a R L., 
Ma MeaDreh 7 
MADPR t [ATP] 
MAP mm mn ADP +P | 
| MADP+P 2S 
M*ADPR —— 
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Fig. 1 Free energy levels for the intermediates in | 
P; were chosen as 3 mM, 0.03 mM and | mM respectively. 
level in (a), (b) and (c). Intermediates in parentheses belong to 


n the hydrolysis of ATP by myosin S/ (M) at 20 °C. Concentrations of ATP, ADP and 
Ap°aqp was taken as 11.247. M + ATP was arbitrarily set at the same free energy 
sets of levels immediately above or below those shown in the figure. The 


numbers opposite gross free energy levels (c) are the steady-state occupancies (p,). 


overall drive (ATP--ADP-P;) whereas an upwards change 
opposes it. It is the downward basic changes that constitute 
the stochastic drive at the level of the intermediates in a 
reaction. — 

As for the standard free energy, in the case of transitions 
where the binding of ligands, and so on is not involved (isomeric 
transitions such as ES <> EP), the standard free energy change 
is easily seen to be numerically identical to the basic change. 
But in non-isomeric transitions the two are by no means the 
same: in fact, the standard free energy change is of little interest 
as it refers to ligand, and so on at molar (that is “‘standard’’) 
concentration. Similarly the basic (isomeric) equilibrium con- 
stant K;; is more relevant to actual conditions than the “‘stan- 
dard” equilibrium constant K*;,. 

The gross free energy change can be calculated when the 
probabilities (or concentrations) of the intermediates are 
known, in addition to the equilibrium constants. It gives the 
Gibbs free energy change that actually occurs in a transition 
when the whole system is considered. This is to be contrasted 
with the basic change description in which a single macro- 
molecule undergoes transitions stochastically? and is “unaware” 
of the rest of the system. Thus the gross change is related to the 
overall flux and entropy production in a transition™?. It should 
be noted that, for given substrate, and so on, concentrations, 
the basic changes and levels are invariant whereas the gross 
changes depend on the exact conditions of the system (in the 
steady state or during transients). 

The gross free energy change for a transition differs from the 


Suppose now that these states are coupled to another reaction, 
to transport or, in the case of muscle, to the performance of 


mechanical work; it might be deduced that the coupled process a 


is being “driven by the concentration term”. This would, in 


general, be incorrect; the efficiency and flux of a coupled process: : 
that is far from equilibrium result from the detailed kinetics of — 
the entire cycle of the driving reaction and the kinetic com- — 


straints imposed on it by the coupled process. E 
For an enzyme which hydrolyses ATP, in each completed 





cycle the decrease in free energy is given by the sum of either 


the basic or the gross changes, that is 


Abarp = LAA‘; = EAW y > 0 (9) 


The free energy decrease per molecule of ATP hydrolysed is 
given by 


Ahate = AM arp + AT In€carp/Capece;) (10) 


Here again the standard free energy change is of no direct 
interest. 

A comparatively simple example related to muscular con- 
traction will now be given to illustrate the different definitions. 
(More complicated models both of active transport and of 
muscle are discussed in refs 1-3). The kinetic scheme for the 
hydrolysis of ATP by myosin subfragment 1 (M) has been 
determined* ê as | = 
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108M ts ~ 400 s~ 160573 
M + ATP = M ATP ee M* ATP See M**- ADP P, 
92x 10s 10's ~? 2.0 & 10 Fg") ERE 
3.8 x 107357! H 0.06 s~ 
108M ~t s~ 400 s~ 10M 7s 7 
M +- ADP eM: ADP ee M* - ADP = M*- ADP P; 
2.7 x 10's 1.457 7.3 « 108s ~ 
where the rate constants for binding ATP, ADP and P, have myosin?*. Furthermore, the basic change for M*:-ATP -> 


been chosen as 10° M s~ and the forward rate constant for 
the third step represents the minimum likely value. Assuming 
reasonable values for the physiological concentrations of 
ATP, ADP and P,, the relative free energy levels between 
states can be calculated, taking the steady-state case for the 
gross free energy changes (Fig. 1). 

As noted above, the magnitude of free energy changes for 
the standard and basic diagrams coincide only for isomeric 
transitions (for example, M- ATP => M*- ATP). As regards the 
difference between the basic and gross diagrams, the former has 
both upward and downward transitions, the principal down- 
ward changes being for the two-step binding of ATP. The 
free energy changes for the gross diagram are all downward. 
This is a natural consequence of the steady state in a single cycle 
in which the flux through the system is unidirectional’. The 
largest free energy change is for the two-step binding of ATP 
in both the basic and gross diagrams, but in the gross diagram 
there is not inconsiderable change at the rate-limiting step 
(M**- ADP P, == M*-ADP-P,). This is a consequence of the 
build-up of the occupancy of the state preceding the rate- 
limiting step. In the gross diagram several pairs of states are at 
nearly the same free energy level indicating that, in the steady- 
state conditions used, these pairs are essentially in equilibrium 
(indeed, when this is considered in conjunction with the sparsity 
of occupation of the states M, M:‘ATP and M-ADP, the 
scheme reduces essentially to a two-state energetic and kinetic 
process consisting of M*-ATP “lumped” with M**-ADP-P, 
and M*-ADP-P,; “lumped” with M*-ADP®). In all the dia- 
grams, for each cycle completed, the subsystem or system pro- 
gresses to another, identical, set of levels shifted downwards 
from the previous set by Aptaryep (Aare for the standard 
diagram). 

The Si scheme provides considerable scope for speculation 
about the basic free energy levels of the cyclic interaction of 
myosin with actin in the crossbridge mechanism of muscular 
contraction. Unfortunately full details of the corresponding 
scheme in the presence of actin are not yet known; also there 
are serious difficulties in translating a kinetic scheme derived 
for free solution to that for the intact myofibrillar matrix". 
Nevertheless, modifying slightly a much simplified scheme for 
actomyosin'}, 


M**. ADP: P; <> M* -ATP 


O? 


AM- ADP: P, = 


the M and AM states correspond respectively to detached and 
attached states of crossbridges in muscle and the drive (and 
directionality) of contraction must be reflected in the down- 
ward progression of basic free energy levels between succes- 
sive AM states in the (biochemical) actomyosin scheme*!?, 
Large downward changes elsewhere in the cycle could lead to a 
waste of free energy in the gross free energy representation for 
intact muscle. It seems that such changes may not exist, at least 
in the basic representation for the actomyosin scheme (H. D. 
White and E. W. Taylor, in preparation); for example, the 
dissociation constant and hence the basic free energy change for 
AM + ATP == A + M*-ATP is small, the large binding 
energy for ATP to myosin being offset by that of actin to 


M*-ADP-P,; is comparatively small (Fig. 1). It is therefore 
possible to regard M**. ADP- P; as a “high energy state”, in 
relation to the last attached state (AM) in the scheme above, 
in the sense that the (probably) large downward basic free 
energy change between them serves as the drive for contraction 
(although it seems unlikely that all the available energy from 
ATP hydrolysis is conserved in the state M**-ADP:P,; com- 
pare ref. 14). 
Gray’ has argued on quantum mechanical grounds for an 
irreversible step in the crossbridge cycle. This invites the 
comment that it all depends on what you mean by irreversible; 
as we have argued above, it does seem that a necessary require- 
ment for a high efficiency in muscle is a large downward basic 
free energy change from the state prior to attachment to the 
last attached state (measured in the latter in the absence of 
mechanical constraints), but that does not necessarily mean 
that the transitions would be entirely irreversible. However, 
a full treatment of this kind of problem involves the averaging 
of rate constants and free energy levels over the distribution of 
crossbridges in each attached state®. The actual system con- 
sidered (for comparison with experiment) is not a single cross- 
bridge but a macroscopic ensemble of crossbridges under a 
potentially wide distribution of mechanical constraints; there 
is no simple way of introducing these constraints, for example, by 
introducing a work-dependent opposing thermodynamic flux 
into the scheme (compare ref. 16). We hope to return to this 
problem in a future paper. 
Finally, it should be stressed that a basic free energy diagram 
gives no more than a useful summary of the energetic situation 
for a single macromolecule. This may be useful in model- 
building? or in comparing different systems, but a full des- 
cription of the energetics of a system in particular conditions 
requires a detailed knowledge of the kinetics of the system to 
generate (and understand) the gross free energy diagram. 
This subject is treated in more detail and in a much more 
general context elsewhere’. 
R. M. SIMMONS 
TERRELL L. HILL 

Department of Physiology, 

University College London, 

Gower Street, London WC1IE6BT, UK 

and Laboratory of Molecular Biology, 

National Institute of Arthritis, 

Metabolism and Digestive Diseases, 

National Institutes of Health, 

Bethesda, Maryland 20014 


Received July 16; accepted August 19, 1976. 


1H, T.L., and Simmons, R, M.. Proc, natn. Acad. Sci. U.S.A., 73,93 976). 

2 Hill, T. L. and Simmons, R. M., Proc. natn, Acad. Set, U.S.A., 73, 336, 2165 
(1976), 

3 Hal, T. b., Prog. Hieph ya mive: Biol., 28, 267 (1974), 

4 Hill, T. L., Biochemistry, 14,217 (1978). 

8 Hill, T. L. and Chen, Y., Proc. narn, Acad, Sci. U.S.A., 72, 1291 C1975), 

& Bagshaw, C. R., Eccleston, J. F., Eckstein, F. , Goody, R.S., Gutfreund, H., and 
Trentham, D. R., Biochem d., 144, 351 (1974). 

7 Mannherz, H. G., Schenck, H., and Goody, R. S., Eur. J. Biochem., 48, 287 (1974). 

ë Trentham, D. R., Eccleston, i. F., and Bagshaw, C. R.. Quart. Rev. Biophys., 
9, 217 (1976). 

SH, T. L., Free Energy Transduction in Biology (Academic Press, New York. 
inthe pressh 

i6 HHI, T. L., and Eisenberg, E., Biochemistry, 15, 1629 (1976). 

n Lymn, R. Ww. „and Taylor, E.W. Bloc hemistry, WO. 4617 C1977), 

12 Huxley, A. F. and Simmons, R. M., Nature, 233, 533 (1971). 

13 Marston, S. „and Weber, An Biochemistry, 14, 3868 (1975). 

i¢ McClare,C., Nature, 240, 88 (197 23). 

13 Gray, B.G., ‘Nature, 283, 436 C1975}. 

ib Taylor, E.W., Current Topics in Bioenergetics, 8,201 (1973). 


Nature Vol. 263 October 14 1976 





G19 








Menere e Ht 


Introducing HLA 








The HLA System: An Introductory 
Survey. (Monographs in Human Gene- 
tics, Vol. 7.) By A. Svejgaard et al. 
Pp. viiit+ 103. (Karger: Basel, London 
and New York, 1975.) SF/DM 38; 
$14.75. 





Tuts is an excellent little volume which 
sets out with a refreshing lack of pre- 
tentiousness to give a simple introduc- 
tion to the HLA system, The authors 
certainly achieve their main purpose 
and offer a text which will be invaluable 
‘to those who wish to gain access to 
exciting new developments. 

The HLA antigens are no longer the 
“specialised subject of a few devoted 
transplantation workers. The wide 
range of problems in biology and clini- 
cal medicine which can be related to 
the major histocompatibility system is 
evidence of the explosion of knowledge 
which has occurred in this subject. 

After a clear exposition of the com- 
ponents of the HLA system, in particu- 
lar the genetics, we are led straight 
into the most recent and exciting work 
on the similarities between human and 
mouse immune response mechanisms. 
~The section on biochemistry is brief— 
reflecting the paucity of information on 
this aspect until very recently, but in- 
troducing the reader immediately to 
newer and more rewarding develop- 
ments on the structure of HLA sub- 
stance. The practical applications of 
studies on HLA antigen frequencies are 
dealt with adequately enough for the 
general reader. 

The authors are perhaps too modest 
in not including more of their own 
excellent work on the statistical and 
technical problems of estimating asso- 
ciations between specific HLA antigens 
and diseases. They also shy away from 
a detailed discussion of the mechanisms 
which might be responsible for such 
asociations, Although they list several 
impeccable reference sources dealing 
with this problem, it would probably be 
helpful to readers who are not inti- 
mately involved in the current work to 
have the arguments for and against the 
suggested hypotheses presented in some 
detail. Perhaps the authors felt they 
had already made it obvious that their 
preference was for the genetically de- 


termined ‘“‘immune-response gene” 
hypothesis, but it would not weaken 
their argument to expose the other 
hypotheses of molecular mimicry, or 
HLA as virus receptor to the cold light 
of print. 

The final section on methodology is 
adequate to provide background infor- 
mation for those not directly concerned 
with technique, although the difficulties 
of explaining MLC typng to an un- 
initiated audience are painfully obvious. 
There is a very full bibliography to 
complete the text. 

The materal presented is up-to-date 
and the authors are to be congratulated 


Huckel model 


The HMO Model and Its Application. 
Vol. 1: Basis and Manipulation. By 
Edgar Heilbronner and Hans Bock. 
Pp. xv+454. (Wiley: London and New 
York; Verlag Chemie: Weinheim, 
February 1976.) £16; $35.20. 








THis is the first volume of a three- 
volume treatise which is intended to 
acquaint “the practically oriented 
chemist having a relatively modest 
mathematical background” with the 
principles of the MHiickel molecular 
orbital (HMO) model and with the 
simple techniques with which it can be 
used to obtain approximate but very 
useful qualitative results without re- 
course to a computer. Volume 1 con- 
tains all the theory and applications, 
and 250 problems; volume 2 will con- 
tain the solutions to the problems; and 
volume 3 will contain HMOs and de- 
rived quantities for simple 7r-elecfron 
systems. _ 

This all seems splendid, but I cannot 
recommend the practically oriented 
chemist to rush out for his copy, and I 
doubt whether he would if I did. One 
reason is that this volume alone costs 
£16, so that the whole set is going to 
add up to a lot of money. Furthermore, 
for all that the authors claim to “ft 
the intuitive conceptual world of the 
chemist”, there is not really very much 
discussion of the chemistry. Coulomb 
integrals, for instance, appear as num- 
bers, with due acknowledgement to 
Streitwieser but no attempt to relate 


on presenting a useful and readable 
volume which includes so much con- 
temporary material, Textual. misprints 
are a minor source of annoyance. The 
occasional lapses from. “colloquial 
English by the team of Danish authors 
might have been edited out, but do not 
detract in any way fromthe. value of 
the book. Certainly, this reviewer could 
not hope to do as well in Danish... Ld 





Heather Dick is a Consultant in Clini- 
cal Immunology at Glasgow Royal 
Infirmary, in. charge of histocompata- 
bility services for Glasgow and the west 
of Scotland. 


their values to the chemist’s notion of 
electronegativity, which indeed is not 
mentioned anywhere. More seriously, 
the treatment of reactions is now badly: 
out of date, the book being an wi- 
revised translation of the 1968 German 
edition; it is a great pity that the oppor- 
tunity was not taken to add, for 
example, an account of the frontier 
orbital method, which has proved so 
fruitful in recent years. 

Other cricitisms, which T make with 
some reluctance because I am in sym 
pathy with the authors’ intentions and 
find a great deal of useful material 
here, are that the style is intensely . 
turgid and polysyllabic, and that some 
mathematical derivations are given in 
painful detail, whereas other results 
are quoted without the proof which 
might quite easily have been given. 
Finally, I disagree myself with the 
authors’ policy of saying very little 
indeed about the deficiencies of the 
HMO model and about the way they 
can be overcome in more elaborate 
methods. 

I do not underestimate the difficulty 
of putting molecular orbital heya over 
to the non-mathematical chemist. 
is not a bad t oe Koya I 
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Cell handbook 


Cell Biology. (Biological Handbooks, 
1.) Compiled and Edited by Philip L. 
Adtman and Dorothy Dittmer. Pp. 
xix+ 454. (Federation of American 
Societies for Experimental Biology: 
Bethesda, Maryland, 1976.) 


FROM time to time a new book appears 
which is not simply a rehash of those 
that have gone before. Until now, bio- 
logy has backed its “Beilstein” and it is 
often a time-consuming business to 
find some small piece of information 
which you know has been published. 
This book compresses the maximum 
amount of factual information into the 
minimal space and at the same time 
gives key references from which a quick 
general overview of the field of interest 
may be made To give some examples, 
do you want to know what nutritional 
mutants of mammalian cells are avail- 
able; 31 types are listed and 40 refer- 
ences are given to the field, all in the 
space of 2 pages. Are you interested in 
cloning mammalian cells; 52 examples 
are given and 49 references in only 3 
pages. How long would it take to find 
the oxygen consumption of 618 differ- 
ent mammalian tissues; it is all here 


with 198 references compressed into 17 
pages. As this ome volume extends to 
400 pages, excluding appendices and a 
full index, the amount of information 
available is remarkable. 

Some sample headings, similar in 
Tange to those listed above, will give 
an indication of the scope of this minia- 
ture encyclopaedia: resting cell mem- 
brane protentials, rheological properties 
of cells, changes in cell surface mem- 
branes with malignant transformation, 
permeability of inner mitochondrial 
membrane to anionic substrates, gross 
chemical composition of microsomes, 
occurrence of microfilaments in non- 
muscle cells and tissues, DNA content 
of cell nuclei. Obviously this is not a 
book that can be read but it is a book 
which most biologists are likely to 
treasure. Inevitably the choice of key 
references is open to criticism and at 
times the choice seems somewhat paro- 
chial. Nevertheless sufficient are given 
to enable the research worker to get 
off to a flying start 

This series is likely to be a must in 
many libraries. T. S. Work 


Dr Work is Head of the Division of 
Biochemistry at the National Institute 
for Medical Research, London, UK. 





Somatic cell genetics 


Variation, Senescence and Neoplasia in 
Cultured Somatic Cells. (A Common- 
weakh Fund Book.) By John W. Little- 
field. Pp. xi+ 163. (Harvard University: 
Cambridge, Massachusetts and London, 
1976.) £6.15. 





THOSE of us who work in the field that 
is Now somewhat oretentiously called 
somatic cell genetics owe John Little- 
field a great deal. This tittle book puts 
us further in his debt. It is based on a 
course taught by him at Harvard over 
a number of years. The students who 
were exposed to this teaching can 
coum themselves fortunate. The infor- 
mation presented is constantly sub- 
jected to the sort of critical assessment 
that can be provided only by someone 
who has himself worked long and intel- 
Hgently in the field. 

As Hs title indicates, the book has 
three main themes. The chapters deal 
ing with genetic and other forms of 
variation in somatic cells and those 
deaHng with the phenomenon of 
‘senescence’ in vitro are difficult to 
flaw. The discussion of senescence, in 
particular, is informed by a degree of 
perception that I have not found 


matched in any other published ac- 
count of this subject. 

I hope I may be forgiven for saying 
that I found the treatment of neoplasia 
less good. I think this may be because 
the author has not himself had so 
much experience of work with tu- 
mours; whereas, of course, he has 
made monumental contributions to the 
study of cells in vitro. In discussing 
experiments on somatic cells growing 
in vitro, he is very conscious of the 
quantitative aspects of the work he is 
describing, and especially of quantita- 
tive deficiencies in the evidence pre- 
sented. His assessment of experiments 
dealing with the formation of tumours 
is, however, less sure If he had treated 
the relationship between ‘transforma- 
tion’ and tumorigenicity with the same 
rigour as characterises his analysis of 
mutagenesis in somatic ceHs, I doubt 
whether he would have written: 
(Established) “‘heteroploid lines appear 
to have fost growth control and to have 
become neoplastic”. Even so, there’s no 
chapter in this book that isn’t worth 
reading, and there is, as a very impor- 
tant bonus, an absolutely splendid 
bibliography. Henry Harrts 


Henry Harris is Professor of Pathology 
at the University of Oxford, UK. 
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obituary 


The recent premature and unexpected 
death of James Olds deprives physio- 
logical psychology of one of its most 
distinguished workers and the neuro- 
sciences of a man whose experimental 
work cannot be ignored in any serious 
behavioural theory. His major dis- 
covery provoked controversy from the 
time of its first report and although 
he made substantial contributions 
himself, many related issues are un- 
resolved at the time of his death. 

In 1953 Olds and P. M. Milner, 
working in D. O. Hebb’s laboratory 
at McGill reported that rats with 
electrodes in lateral hypothalamic and 
septal sites would press a lever to 
deliver trains of stimuli to their own 
brains. Electrical self-stimulation re- 
vealed the existence of powerful 
central reward mechanisms and 
immediately raised difficulties for 
theories in which behaviour is initiated 
only to mitigate the aversive conse- 
quences of internal disequilibrium. 
The phenomenon had not been pre- 
dicted by theories current at the time 
(but the aversive effects of brain stimu- 
lation had been looked for and found 
the previous year by Delgado, Roberts 
and Miller) and although he had con- 
sidered the existence of central reward 
processes, Olds was working on the 
‘arousing’ effects of electrical stimula- 
tion when he made his discovery. 
Noting a tendency for one rat to return 
to a point where he had previously been 
stimulated, Olds and Milner were quick 








to exploit this phenomenon with an 
operant conditioning apparatus. Many 
researchers must previously have seen 


sniffing and approach behaviours 
following stimulation through im- 


planted electrodes. The originality of 
the discovery lay in seeing the possible 
significance of this behaviour and 
examining it in a Skinner box. 

In succeeding years Olds made major 
contributions to understanding self- 
stimulation behaviour. With Travis and 
Schwing, and later with M. E. Olds, he 
prepared what are stil the most exten- 
sive maps of approach and avoidance 
areas in the rat brain. With Travis, 
Yuwiler and others he initiated investi- 
gations of the possible neurochemical 
basis of the phenomenon. His sug- 
gestion in 1960 that the major tran- 
quillizers act specifically on the 
mechanisms of approach behaviour has 
recently attracted new interest in the 
light of the action of these drugs on 
dopaminergic mechanisms. Increasingly 
Olds became interested in single cell 
recordings as a method of investigation, 
but he never felt that these had given 
the answer he really wanted, the ana- 
tomical indentity of the reward 
mechanism itself. 

Old’s writings on self-stimulation in- 
cluded many provocative theories. He 
took an intense interest in new ideas 
and findings which might be relevant 
to the problem, and in recent years had 
been preoccupied with the possible role 
of monoamine neurones in reinforce- 
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ment. To the end of his life he 


remained at the centre of controversies o 


concerning the functional significance 
of this behaviour and its neuroana- 
tomical basis, and in retrospect if was - 
perhaps fortunate that so much work 
in this field was gathered together at 
the Beerse conference in 1975 (Brain 
Stimulation Reward, edited by A. Wate 
quier and E. T. Rolls, Elsevier). James 
Olds must have impressed many of 
those present as the man best able to 
draw together the various strands of 
evidence in a coherent synthesis, Par- 
ticular interest attaches therefore not 
only to his contributions to this sym- 
posium but also to the as yet un- 
published monograph on Drives and 
Reinforcements completed a year be 
fore his death. 

Olds modestly maintained that if he 
had not discovered electrical self- 
stimulation it would soon have been 
uncovered by someone else. This may 
be doubted, but even if true, few 
workers could have contributed his 
enthusiasm and imagination to develop- 
ing a whole new field of psychophysio- 
logical work. He was a man who was 
willing to consider unusual concepts 
and paradoxical ideas but pursued them 
with great clarity. Everyone in the 
field will feel the loss of his critical 
intelligence and many will also acknow- 
ledge a debt of gratitude for his 
personal encouragement of their own 
efforts. 

T, J. Crow 





announcements 


Appointments 


Dr H. S. Bedson to the Chair of 
Medical Virology at the University of 
Birmingham. 

Dr Leo A. Kaprio has been reap- 
pointed as Regional Director for 
Europe of the WHO. 

Mr E. S. Booth, chairman of the York- 
shire Electricity Board, as the next 
President of the TEE. 

Professor A. Lazenby, at present Vice- 
Chancellor of the University of New 
England, NSW, as the next Director of 
the Grassland Institute. 

Professor D., R. Stranks, of the Univer- 
sity of Melbourne, as Vice-Chancellor 
of the University of Adelaide. 


Professor E. W. J. Mitchell, Head of 
the Department of Physics, as Deputy 
Vice Chancellor of the University of 
Reading. 

Dr Derek Ogston, Reader in Medicine 
as Regius Professor of Physiology at 
the University of Aberdeen. 

Dr Roger Grice, of Cambridge Univer- 
sity, as Professor of Physical Chemistry 
at Manchester University. 

Professor John Fraser Scott, of the 
University of Sussex, has been ap- 
pointed Vice-Chancellor of La Trobe 
University, Melbourne. 


Awards 
The Faraday Division of the Chemical 
Society has awarded the 1976 Marlowe 
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Medal to Dr James J. Burton of the 
Exxon Research and Engineering 
Company for his theoretical work on 
microclusters. | 


The Finsen awards for 1976 have been 
made to $. B. Hendricks (Control of 
plant development by light), H. F., 


Blum (Skin and Cancer Hospital, 
Philadelphia, USA) (Photodynamic 


action and carcinogenesis by UV light), 
and D. Shugar (University of Warsaw, 
Poland) (Photochemisiry and the struc- 
ture of nucleic acids and proteins). 


The SRC has awarded Senior Fellow- 
ships to Dr A. Boksenberg, of the 
Department of Physics, University 
College, London; Professer A. Car- 
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rington of the Department of Chemis- 
try, University of . Southampton; 
Professor B. C. Clarke of the Depart- 
ment of Genetics, University of Not- 
tingham; Dr P. H. Gaskell of Pilkington 
Bros Ltd and the University of Cam- 
bridge; Professor C. A. R: Hoare of 
Queens University,- Belfast; Professor 
E. C. Zeeman of the Department of 
Mathematics, Warwick University. 


Meetings 


October 11-15, Clean Air, Edinburgh 
(The Press and Information Officer, 
National Society for Clean Air, 136 
North Street, Brighton BN1 1RG). 


November 4-5, Mutilation of Antmals, 
London (Symposium Organising Secre- 
tary, RSPCA Headquarters, Causeway, 
Horsham, Sussex RH12 1HG, UK). 


November 8-10, Manufacture of Super- 
conducting Materlals, Port Chester, 
New York (Conference Coordinator, 
Technical Divisions and Activities, 
American Society for Metals, Metals 
Park, Ohio 44073). 


November 17-18, Agricultural Yield 
and Efficiency, London (The Executive 
Secretary, The Royal Society, 6 Carlton 
House Terrace, London SW1Y SAG, 
UK). 


December 1-2, Food Additives in the 
Balance, Harrogate (Dr D. Howling, 
c/o Technical Division, CPC (United 
Kingdom) Ltd, Trafford Park Road, 
Trafford Park, Manchester M17 IPA, 
UK). 


January 5&7, Solid State Physics, Man- 
chester (Deadline for contributions: 
November 1) (Professor H. E. Hall, 
Department of Physics, University of 


Manchester, Manchester M13 9PL, 
UK). 
January 18-19, Optical Production 


Technology, London (Mrs R. G. 
Keiller, SIRA Institute Ltd, South Hill, 
Chislehurst, Kent BR7 5EH, UK). 


January 25, Energy Transfer Mechan- 
isms, Dosimetry, Dose-Response Rela- 
tionships, London (Professor J. H. 
Martin, Department of Medical Bio- 
physics, Blackness Laboratory, Univer- 
sity of Dundee, Dundee, UK). 


February 16-18, 4th International Con- 
gress on Moutatlons: Biology and 
Society, Paris (Congrès Service, 1, rue 
Jules Lefébvre, F 75009, Paris, France) 


March 17-18, Perinatal Care, New 
York (Dr Raymond L. Vande Wiele, 
Co-chairman of Symposium on Future 
Directions in Perinatal Care, College 


Person to Person 


Nominations for the 4th Royal 
Society Esso Award for the Conser- 
vation of Energy should be sent to 
the Executive Secretary, The 
Royal Society, 6 Carlton House 
Terrace, London SWIY 5AG by 
February 7, 1977. The award con- 
sists Of a gold medal and a prize 
of £1,000. It is for outstanding 
contributions which in the opinion 
of the Council of the Royal Society 
will lead to more efficient conver- 
sion or use of energy. 


Dr R. P. Sheldon, University of 
Bradford, is preparing a report on 
the research which is going on in 
polymers/plastics in medicine (in- 
cluding surgery, dentistry, etc.) in 
the UK Anyone who is working in 
this area is asked to contact Dr 


Sheldon giving brief details. 


Applications are invited for 
Johananoff Fellowships (worth 
$15,000), to spend a year at the 
Mario Negri Institute in Milan 
doing cancer chemotherapy and/ 
or immunology, cardiovascular 
pharmacology, neuropsychophar- 
macology or drug metabolism 
Candidates should be non-Italian 
scientists of established reputation. 
Apply to The Johananoff Fellow- 
ship Committee, Instituto di 
Recherche Farmacologiche Mario 
Negri, Via Eritrea 62, 20157 Milan 
by January 31. 


There will be no for this service 
Send items (not more than 60 words) to 
Martin Goldman at the London office The 
section will include exchanges of accommo- 
dation, personal announcements and scientific 
queries, Woe reserve the right to decline 
materia! submitted No commercial trans- 
actions 


of Physicians and Surgeons of Columbia 
University, Department of Obstetrics 
and Gynecology, 630 West 168th St, 
New York, N.Y. 10032). 


March 29-31, Neuromuscular Dis- 
orders, Bath (Dr G. G. Lune, Depart- 
ment of Biochemistry, University of 
Bath, Bath BA2 7AY, UK). 


April 17-30, Chemically Induced Mag- 
netic Polarisation, Sogesta, Urbino, 
Italy (Professor L. T. Muus, Chemistry 
Institute, 140 Langelandsgade, DK- 
8000 Aarhus C, Denmark) 


April 23-28, Annual Meeting of the 
American Ceramic Soclety, Chicago 
(Deadline for abstracts: November 20) 
Dr D. N. Winslow, School of Civil 
Engineering, Purdue University, West 
Lafayette, Indiana 47907). 


April 25-29, 11th International Sym- 
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posium on the Remote Sensing of the 
Environment, Ann Arbor, Michigan 
(Dr Jerald J. Cook, Environmental Re- 
search Institute of Michigan, PO Box 
618, Ann Arbor, Michigan 48107). 


May 1-7, Stereochemistry, Burgen- 
stock, Switzerland (Professor P. Pino, 
Laboratorium fur Technische Chemie, 
ETH, Upniversitatsstr 16, CH-8092, 
Zurich, SwHzerland). 


May 23-27, Safety at Sea, London (The 
Conference Secretary, WEMT 1977, 10 
Upper Belgrave Street, London SW1X 
8BQ, UK). 


August 29-September 1, Drugs Affect- 
ing Lipid Metabolism, Philadelphia 
(Deadline for abstracts: April 15) (Dr 
William L. Holmes, Scientific Secretary, 
Symposium on Drugs Affecting Lipid 
Metabolism, Lankenau Hospital, Phila- 
delphia, Pennsylvania 19151). 


August 30-September 2, Biological 
Activity and Chemical Structure, 
Noordwijkerhout, the Netherlands 


(Secretariat Department, c/o Merck 
Sharpe and Dohme B.V., Waarderweg 
39, PO Box 581, Haarlem, the Nether- 
lands). 


August 31-September 2, Astronomy 
and Astrophysics, Christchurch, New 
Zealand (Astrophysics Conference Sec- 
retary, Department of Physics, Univer- 
sity of Canterbury, Private Bag, 
Christchurch, New Zealand). 


September 4-9, 13th International Sym- 
poslum on Free Radicals, Lyndhurst, 
Hampshire, UK (Professor A. Carring- 


ton, Chemistry Department, The 
University, Southampton SO9 5NH, 
UK). 


September 11-16, Pathology, London 
(Professor A. Munro Neville, VIth 
European Congress of Pathology, In- 
stitute of Cancer Research, Fulham 
Road, London SW3 6JB, UK). 


September 12-14, Electron Microscopy 
and Analysis, Glasgow (The Meetings 
Officer, Institute of Physics, 47 Bek 
grave Square, London SWIX 8QX, 
UK). 


September 27-29, Power Semicon 
ductors and their Applications, London 
(Deadline for abstracts: November 1) 
(Press Officer, IEE, Savoy Place, Lon- 
don WC2R OBL, UK). 


October 24-26, 1977, Erosion: Preven- 
tion and Useful Applications, Vail, 
Colorado (Deadline for abstracts: 
March 30) (Dr William F Adder, 
Effects Technology, Inc., 5383 Hollister 
Avenue, Santa Barbara, California 
93111) 
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SHOULD university students be offered differing sizes of 
government grants depending on the subject they choose 
to take and its perceived relevance to national needs? 
The question has come into sharp focus in the United 
Kingdom with persistent rumours that the Department 
of Industry is trying to get engineering students paid an 
extra £300 on their annual grant. At present most 
students with state support get nominally identical 
grants, though some who receive grants from industry 
or the armed forces and who may have commitments 
after leaving university receive higher sums. Dif- 
ferential grants have been used in the past—in the 
1930s potential teachers were given a supplement as 
undergraduates. 

There are three questions which must be asked of 
any such scheme—is it needed: will it be effective: will 
it generate unnecessary trouble? There could be a need 
for differential grants if engineering graduates were in 
high demand, if universities had room for students and 
yet they were unforthcoming in sufficient quality and 
quantity. Obviously a simple label ‘engineer’ is in- 
adequate for determining who is in high demand, and 
equally obviously many businesses which say they don’t 
need more graduates are deceiving themselves. Even so, 
the supply of graduate engineers, whatever its defects, 
does not seem to have rung too many alarm bells. Nor, 
contrary to public opinion, are university engineering 
departments lonely places to be in these days. In 1976 
there are 36% more students starting civil, mechanical 
and electrical engineering courses than there were in 
1973 (during the same period the entry into mathe- 
matics, physics and chemistry dropped by 4%). The 
school academic attainments of engineering under- 
graduates are not conspicuously good, but it is by no 
means clear that £300 will buy quality; which brings us 
to the question of effectiveness of the measure. 

If the measure turns out to be effective, it could 
easily be so by diverting students from adjacent dis- 
ciplines: to collect £300 mathematicians would become 
mechanical engineers: physicists, electrical engineers: 
chemists, chemical engineers. Some effectiveness! 
Further, the measure can only be effective if schools 


are capable of responding to changing demands and are 


capable of giving wise advice to their pupils on whether 


The price of trouble: £300 


the money justifies the switch in individual cases—yet 
many believe it is in schools where counselling on 
engineering careers is inadequately done. And the sort 
of student who will be tempted by £300 is also likely to 
look at the way engineering salaries compare with 
those in other professions—-and maybe to decide that 
how the Department of Industry and how industry 
itself rates him are two different things. 

Finally, the troubles it will cause. If engineering, why 
not science, for technology uses research results. Why 
not economics, because it is an economic mess we are 
in. Why not business management, because our com- 
panies need to be run better. Why not agriculture, 
because food imports make a big hole in our balance 
of payments. Why not design, which sells commodities. 
Or art, music, drama, which bring in tourists. The idea 
once accepted in one instance could lead to an almost 
endless queue of special cases. And once the scheme is 
started, how is it stopped without undesirable effects? 
After all, when ICI cut its graduate recruitment of 
chemists one year the consequences reverberated for S 
years in schools 


that it will depress engineering recruits. 


So, for a variety of reasons, the £300 scheme seems 


to be all wrong. But that should not deflect us from a 
deep concern that engineering does need some sort of 
leg-up from its present low-prestige intellectually- 
unsatisfying status. One thing about which the Depart- 
ment of Indsutry should be talking seriously to the 
Department of Education and Science is whether 
schools can provide adequate support and encourage- 
ment fo potential engineers. A second is whether too 
many universities don’t impose rigid barriers between 
mathematics, science and engineering thereby prevent- 
ing students from ‘tasting’ engineering without making 
an irrevocable commitment. 

It is not clear that opposition to differential grants 
at undergraduate levels should neari mean po 
tion at the postgraduate level, wher 
industrial salary for the sp 
may for many engineers be in 3 
is not for most other research students who I 

attractions. 













and universities. So when the govern 
ment phases out its supplement there can be no doubt 
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A view from home 





Andrew M. Sessler, Director of the Lawrence Berkeley Laboratory (LBL) 
at the University of California, Berkeley, responds here to the assessment 
of LBL carried by Nature (August 12, page 528) 





Tue article on LBL was, in my opinion, 
neither fair nor accurate. I acknowl- 
edge the right of a writer to put down 
what he believes he has observed, but 
I cannot in good conscience say that 
{ recognise our Laboratory either in 
its past or present state. In describing 
its past, for example, the writer, Wil 
Lepkowski, quotes Robert Yaes on the 
failures of Lawrence’s Laboratory to 
discover artificial radioactivity and 
nuclear fission. Those are true charges, 
but they should surely be considered 
against a background of the many 
revolutionary discoveries which were 
made in the 1930s when Lawrence’s 
Laboratory led the world in nuclear 
science. 

Many fundamental features of nuc- 
lear reactions, nuclear structure, radio- 
active decay, nuclear chemistry and 
artificial radioactivity were established. 
The Laboratory was the birthplace of 
the transuranium elements, and has 
active research currently in progress to 
search for possible superheavy ele- 
ments. The Laboratory established the 
science of nuclear medicine before the 
Second World War, when most of the 
radioactive tracers employed in medi- 
cine today were discovered and the 
foundations were set for the tracer 
techniques and scintillation detector 
cameras that are now so commonly 
used in diagnostic medicine. LBL’s 
eight Nobel Prizes in fact reflect its 
vitality in basic science throughout 
Lawrence’s time. 

Mr Lepkowski is correct in his point 
that LBL no longer dominates the 
world of high energy physics, but the 
sense of failure he attaches to this 
seems unwarranted. It would be absurd 
to expect that any laboratory could 
continue to dominate such a thriving 
field. Yet our high energy physicists 
from LBL are not in fact doing all 
that badly. When the Nature article 
appeared the high energy physics com- 
munity throughout the world was 
excitedly discussing the first observa- 
tion of a charmed particle by a 
long-standing Lawrence Berkeley Labo- 
ratory-Stanford Linear Accelerator 
collaborative group. This same col- 
laboration had made a major discovery 
two years earlier of the ¥/J particle, 
at the same time that the same particle 
was discovered at Brookhaven, and 
subsequently they discovered the W. 
Furthermore, the collaboration of LBL 
and SLAC is a joint project in every 


sense of the word: they have been 
working together on this project for 
more than five years, using a national 
facility supported by the entire high 
energy physics community in the 
United States. LBL is proud to be an 
essential part of its design, construc- 
tion and management, and can expect 
to continue to have a significant role 
in high energy physics research for 
decades to come. 

Mr Lepkowski overlooks the strong 
and unique position that LBL occupies 
in heavy-ion nuclear physics. Our 
Laboratory has major programmes at 
its sector-focusing 88-inch cyclotron, 
the SuperHILAC and the Bevalac, the 
latter being the only source of rela- 
tivistic heavy ions in the world. LBL 
accelerators are operated as national 
facilities and there are strong in-house 
experimental and theoretical groups. 
We are not blind to the fact that for- 
midable competition is growing, par- 
ticularly in Europe which is now 
allocating far more support to nuclear 
physics than is the United States, but 
at this time LBL is still considered by 
all to be a major international centre 
for nuclear physics. 

Basic research is also very healthy 
at LBL in fields too numerous to 
catalogue in detail. Fundamental 
studies in biology and medicine work 
range from yeast genetics, physiology. 
and lipoprotein studies to radiobiology 
and nuclear medicine. LBL, in colla- 
boration with others, is currently 
pioneering clinical trials on the effi- 
ciency of relativistic-energy heavy ions 
in cancer therapy. In molecular science 
we have some of the world’s forefront 
studies on reactions in crossed mole- 
cular beams, on laser induced 
chemistry, and on quantum electro- 
dynamic studies in high-Z hydrogen- 
like atoms. 

In material science surface polaritons 
and plasmons are being studied by 
means of their nonlinear excitation 
through optical mixing of laser beams; 
and synchroton radiation is being 
employed, along with low energy 
electron diffraction (LEED), to ascer- 
tain the nature of catalytic surfaces. 
The fundamental understanding of 
alloys by use of electron microscopy 
and other advanced techniques has led 
to the ability to design steels and alloys 
of unprecedented toughness and hard- 
ness. From the field of astronomy there 
is the first measurment of the mass of 
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a neutron star. In sum, -basic science 
at LBL is diverse, excellent and 
enthusiastically pursued. 

Mr Lepkowski dwells negatively on 
changes going on in LBL to address 
changing national and societal needs 
and a new set of goals from its major 
funding agency, the US Energy Re- 
search and Development Administra- 
tion. Adaptation to a changing world is 
a necessity for organisations as it is for 
individuals. Furthermore, it is simply 
false to state that the old leaders and, 
in particular, the Nobelists, are still the 
dominating leaders of the Laboratory. 
In fact the Director, the Deputy 
Director, and eight of the ten Asso- 
ciate Directors have held their posi- 
tions for less than four years. We of 
the present management make no 
apologies for changing the character 
at LBL. 

We can also point to numerous 
entries into new fields in which im- 
portant contributions have already 
been made and which have exciting 
prospects for the future. Among these 
are geoscience, geothermal resource 
assessment, controlled thermonuclear 
power, metallurgy, catalysis, isotope 
separation, materials science, environ- 
mental and biological effects of energy 
technology pollutants, energy policy 
analysis, solar power, and energy con- 
servation studies. In our experience, 
when we enter fields which are non- 
traditional for LBL the quality of our 
scientific staff is revealed by immediate 
innovative use of advanced experi- 
mental techniques and theoretical 
analysis which result in important or 
revolutionary contributions to the new 
fields. 

T can give the example of photo- 
electron spectroscopy turned to the 
study of the role of power plant par- 
ticulates in the catalytic conversion of 
SO. to (harmful) sulphates: or the 
development, by a scientist previously 
working on the Lamb Shift. of the 
most sensitive detector for heavy 
metals by Isotope Shifted Zeeman 
Atomic Absorption (IZAA): or the 
development of superconducting quan- 
tum interference devices (SQUID) to 
a sensitivity some orders of magnitude 
areater than that available elsewhere, 
and their direct application to geo- 
thermal resource exploration. Or T 
could cite our work, some years ago. 
which initiated concern over the cata- 
Iytic destruction of the protective 
ozone laver by supersonic transports. 

T could give several examples, but 
let it suffice to say that we feel com- 
fortable in our new activities because 
we know we are doing excellent science 
and engineering on problems of im- 
portance to mankind. o 
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Exotic viruses 


Arie Zuckerman offers this brief on some 
of the diseases now attracting broad attention 


BRIEF perusal of the daily press 

over the past few months would 
reveal an incidence of unusual disease 
which, to many, seems quite remark- 
able. There have, most recently, been 
the illnesses reported from the Sudan, 
Nigeria, Zaire and Sierra Leone— 
now apparently identified, by the World 
Health Organisation last week, as 
Marburg disease. Work on the identi- 
fication of Philadelphia’s so-called 
Legion’s Disease continues in the 
United States. Lassa fever meanwhile 
attracts considerable attention. Rabies 
and Swine influenza receive even 
greater emphasis, Even Bubonic Plague 
has been in the headlines. 

Of the many viruses that can infect 
more than one species of animal, three 
are of particular current interest. 
Rabies, with a huge reservoir of in- 
fection in the wildlife population of 
most parts of the world, is now racing 
across Europe towards Britain, where 
it has not been endemic for more than 
half a century. Marburg disease, first 
identified nine years ago, is still not 
fully understood. And Lassa fever 
looms as an awesome viral infection 
in tropical Africa. 


Marburg disease 

Marburg virus (or “green monkey”) 
disease, a severe, distinctive, febrile 
human illness, was first described in 
1967. Thirty-one cases of illness with 
seven deaths in Germany and Yugo- 
Slavia were traced to direct contact 
with blood, organs or tissue cell cul- 
tures from a batch of African green 
monkeys caught in Uganda. Several 
secondary cases subsequently occurred 
in hospital personnel who had been in 
contact with blood from patients: one 
further case was apparently transmitted 
by sexual intercourse. Although 29° 
of the primary cases proved fatal, 
there were no deaths in the 6 second- 
ary cases, 

It soon became apparent that this 
was a previously unrecognised disease, 
caused by an infectious agent probably 
new to medical science. Laboratory 
work using guinea pigs and Rhesus and 
vervet monkeys revealed an elongated 
sinuous organism generally curled in 
the form of a figure 6 or a horseshoe 
with superficial resemblance to rabies 
virus. But Marburg virus is mor- 
phologically distinct and does not share 
any antigenic properties with rhahdo- 
viruses or with any other known 
viruses. 

The infection has been investigated 


Keystone 


intensively since the first outbreak, but 
the natural cycle of transmission in 
nonhuman primates and perhaps other 
species of animals and the origin of 
the infection remain unknown. The 
disease has not hitherto been recognised 
in a sporadic form in Africa. 

The first recognised outbreak of the 
disease in Africa, and the first since 
the original outbreak, occurred in 
South Africa in February, 1975. The 
victim, a young Australian man who 
had hitch-hiked through Rhodesia, died 


in a Johannesburg hospital; shortly 
afterwards his travelling companion 


and one of the nurses who had cared 
for him contracted the same disease. 
Both recovered. Virological investiga- 
tions showed the outbreak was caused 
by the Marburg virus. As in the 
original outbreak in Marburg, when 
the virus was isolated from semen 83 
days after the onset of illness evi- 
dence was obtained that the virus could 
persist in the body for at least 2-3 
months after the initial attack: the 
virus in this case was isolated from the 
victim’s eye fluid 80 days after the on- 
set of the illness. 


Lassa fever 

The dramatic story of Lassa fever 
began when two missionary nurses 
from Lassa, in North-Eastern Nigeria, 
died in 1969 from a mysterious illness: 
a third, who was gravely ill and flown 
to the United States, recovered, Con- 
valescent plasma from her was effective 
in the treatment of a laboratory 
worker, who acquired the infection 
while working with tissue cultures in- 
fected with blood from these patients. 
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[he following year a further out- 
break of Lassa fever killed 52%, of 23 
patients admitted to hospital in Nigeria 
Dr Jeannette Troup, who was pri- 
marily responsible for drawing atten- 
tion to this disease, also died of the 
infection. Since then further cases 
have occurred and 10 out of 21 medical 
workers have died from Lassa fever. 
Up to June, 1975 the disease was recog- 
nised on nine different in- 
volving 114 officially Cases, 
two of which resulted from laboratory 
infections. Over a third of in- 
fections were acquired by person-to- 
person spread within hospitals. Many 
other clinically suspect cases have since 
been uncovered from reviews of 
pital records: retrospective searches 
through the medical literature have 
revealed references to cases closely 
resembling Lassa fever in the Central 
African Republic, Upper Volta, 
Nigeria and Sierra Leone. Since 1969, 
cases have occurred in Nigeria, Sierra 
Leone and Liberia, and serological 
evidence suggests the virus may have 
been active elsewhere in West and 
Central Africa. And of course recent 
cases identified in air travellers to 
Britain, the United States and Canada 
have received extensive press coverage. 
The clinical spectrum of Lassa fever 
extends from very mild or inapparent 
illness to fulminating fatal infection 
Among patients admitted to hospital 
the death rate ts as high as 67%, with 
more fatalities among Caucasians than 
Asians. Intimate contact with any 
primary case appears to carry a high 
risk of infection; relatives or medical 
attendants providing direct personal or 


OCCASIONS 


recorded 


these 


hos- 


nursing care are particularly threat- 
ened. Cases have occurred among 
patients and hospital visitors who 
apparently had no direct contact with 
the primary cases. Only a few such 
tertiary infections have occurred, and 
the reasons for the interruption of 


Lassa patient arrives in Hamburg from Nigeria 
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outbreaks after the generation of 
secondary cases are not clear. It seems 
that, although the primary cases were 
highly infectious, the secondary cases 
were not. 

Lassa virus is a member of the arena- 
virus genus, a group of enveloped RNA 
viruses with a virion of granules 
instead of a defined core. Along with 
Machupo virus (which causes Bolivian 
haemorrhagic fever) ‘it ‘produces a 
significant mortality in man. Lassa 
appears to have the greatest potential 
for direct spreading in human popula- 


tions. It is related antigenically to the 


rodent-associated haemorrhagic viruses 
of South America and to lymphocytic 
choriomeningitis virus, a persistent in- 
fection of mice. It has been isolated 
from a single rodent species, the multi- 
mammate rat Mastomys natalensis in 
West Africa. 

More recently, a virus closely related 
immunologically to Lassa virus was 
recovered from the tissues and organs 
of wild Mastomys natalensis captured 
in 1972 in Mozambique. This finding 
more than doubles the potential area of 
Lassa-like virus distribution in Africa 
The multimammate rat is the most 
widespread and commonest rodent in 
Africa south of the Sahara, and an 
ideal carrier to the domestic environ- 
ment because of its semi-commensal 
habit and a combination of other 
factors, including an exceptionally 
high propagation rate. Whether all the 
Mastomys rodents are capable of 
maintaining and transmitting Lassa 
virus, is not known, and the ecological 
interrelationships between Mastomys 
and the presumed non-reservoir 
genera Rattus and Mus have yet to be 
determined. Camivores, in particular 
dogs and cats which probably prey 
upon Mastomys and other rodents, 
have not yet been investigated as 
potential secondary hosts. 

The Lassa virus may spill over from 
the rodent cycle to man by various 
routes including, for example, con- 
tamination with rodent urine, directly 
or on foodstuffs or through dust. The 
means by which the virus is spread 
from one person to another is not 
clear. Accidental inoculation with a 
sharp instrument or contact with blood 
has accounted for a few cases. The 
virus has been isolated from the 
pharynx and urine of patients, so that 
indirect airborne spread of the virus 
as well as mechanical transmission are 
most likely. 

Lassa fever is not a disease which 
comes under international quarantine 
regulations, which at present offer the 
only effective means of reducing the 
risk of transmission. Transmission can 
be limited to some extent by sur- 
veillance, ideftification, and the hos- 
pitalisation and isolation of patients, 
but quarantine of households may have 


to be considered by public health 
authorities, and ways of reducing 
rodent populations should be explored. 
The evacuation of patients presents 
special problems. Until effective 
methods of treatment and control 
become available and a suitable 
vaccine is developed, the epidemio- 
logical propensities of this infection 
may be very wide with the modem 
means of air travel. 


Rabies 

Rabies virus is a member of the 
thabdovirus group, which includes a 
diverse collection of characteristic 
bullet-shaped RNA viruses from 
mammals, reptiles, fish, insects and 
plants. The concept of a single anti- 
genic entity is no longer accepted 
since there are four recognised rabies- 
related viruses, although these appear 
to be confined to sub-Saharan Africa. 
Two of these viruses, Mokola and 
Duvenhage, are associated with fatal 
rabies-like human illness. 

Rabies is a viral infection of the 
central nervous system which has been 
recorded in most domesticated and wild 
warm-blooded animals. The virus, 
present in salivary secretions, is trans- 
mitted mainly by bites or scratches, 
although the inhalation of minute 
droplets in the air can also lead to in- 
fection, and oral transmission has been 
demonstrated in experimental animals. 
The susceptibility of an animal 
depends on its age, the degree of in- 
fection, the site of introduction and the 
properties of the particular virus strain 
involved. Once the virus leaves the 
site of inoculation it usually passes to 
the central nervous system through the 
peripheral nerves. Once the. central 
nervous system has become infected the 
virus may multiply, attacking such 
tissues as the salivary and other glands, 
the kidneys, the brown fat, and, in 
some species, muscle and lung. In 
some infected organs the virus is 
found primarily within the nerves. 

The effects of the disease on the 
Nervous system and the change of 
behaviour in the victim are probably 
important to the mode of transmission. 
Typically, the sick animal (and this 
applies particularly to small carnivores) 
becomes unusually and indiscrimin- 
ately aggresive, while in the earlier 
stages of infection timid animals 
become less restrained, approachable 
and friendly High population den- 
sity and turnover and long incubation 
periods maintain the infection even 
though it is usually fatal Man is 
irrelevant to survival of the virus: 
there is no adequately documented 
case of human transmission of rabies, 
although a theoretical) risk exists 
because the virus is , present in 
secretions í 

The most important pool of infec- 
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tion in most areas of the world is the 
wildlife population, including, in parti- 
cular, foxes. Examination of thousands 
of small wild rodents in the Americas 
has not revealed rabies infection, but 
in parts of Europe the isolation of 
rabies virus with unusually low 
virulence has been reported from wild 
rodents. The significance of this finding 
is not clear, and cannot be mmmediately 
associated with fox rabies. The ecology 
of bat rabies is intriguing’ in the 
Americas, numerous species of bats 
have been found with rabies infections, 
but ın many areas these infections are 
independent of other mammalian 
cycles. The disease is readily passed on 
to cattle by the bite of vampire bats 
during feeding; in Latin America, for 
example, bat rabies is estimated to have 
killed many hundreds of thousands of 
cattle. Over 170 human deaths from 
rabies have been attributed to vampire 
bats, which suck the blood of sleeping 
victims. But natural transmission from 
insectiverous bats to other terrestrial 
animals by biting has not been 
observed, and experimental trans- 
mission with infectious saliva has 
proved difficult. 

The major problem caused by rabies, 
according to a paper from the Office 
of Health Economics in the UK, does 
not stem from its immediate effects, 
but from the medical, social and 
economic risks and the cost associated 
with its prevention Improved human 
diploid cell vaccines are in fact now 
becoming available for pre- and post- 
exposure prophylaxis in man, while 
supplies of human rabies immuno- 
globulin for passive immunisation and 
local wound treatment are expected to 
increase and developments in intensive 
care promise a better outlook for 
future victims. 

The control of rabies in animals, on 
the other hand, presents considerable 
difficulties The international transfer 
of animals must be rigidly controlled. 
and strict precautions should be taken 
in the acquisition of mammals from 
the wild. The control! of wildlife rabies 
ig even more difficult Hormonal sterili- 
sation can be effective experimentally 
but has not yet been used successfully 
in the field. The fmmunisation of wild- 
life may become feasible in the future, 
particularly oral immunisation of foxes 
using bait doped with live attenuated 
virus. The control of bat rabies 
requires further investigation. although 
inoculation of cattle with small 
amounts of anticoagulant has proved 
lethal for vampires. Similarly the backs 
of captured vampire bats can be 
gmeared with anticoagulant mixed with 
petroleum jelly: their release has 
resulted in dramatic reduction in the 
number of bats, since the treated bats 
contaminated others in their colony by 
contact. = 
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NUCLEAR TRADE. > SS > o o 


More words than action 


International trade in nuclear tech- 
nology was a key issue at the 20th 
annual meeting of the International 


Atomic Energy Agency (IAEA) held . 


in Rio de Janeiro last- month. Bruce 
Handler reports from Brazil 


ONE reason the IAEA meeting was held 
, In Latin Atmerica was to encourage a 
better understanding of the problems 
facing developing countries in the field 
of nuclear energy. Nearly 1,400 dele- 
gates who attended wound up heanng 
almost as much about problems IAEA 
members have with each other as they 
have with auclear energy, because 
a good portion of the debate consisted 
of political tirades. But everyone was 
in favour of the further development 
of nuclear energy. The sharp divisions 
were over which coumries should 
assume the responsibility for develop- 
ing t, and to what extent. 

Many industrialised nations ex- 
pressed fears over putting sophisticated 
nuclear technology into the hands of 
underdeveloped Third. World countries, 
primcipally because of the widely shared 
belief that such countries could . be 
encouraged or, provoked into diverting 
this knowhow for military purposes. A 
corollary fear was that terrorists could 
stage a raid on an underdeveloped 
country that possessed nuclear reactors 
and steal the necessary components for 


One complete session of the IAEA 
m was devoted to the scientific 
discussion of ‘advances that have been 


uramium for use in nuclear reactors 
could use this knowhow to separate 
plutonium from uranium. This, in 
turn, Seamans stated, “can increase the 
risk of. diversion (of fissionable 
material) to nuclear weapons and also 
the risk of terrorist activities.” The 
United States was willing to enmch 
uramum for other countries and make 
it widely available, but it was a risk to 
international secunity to show develop- 
ing nations how to do their own enrich- 
ing. Seamans added that as a 
compromise, the IAEA could set up 
regional uranium-enriching centres, 
which would at least be under multi- 
national control 

Yugoslavia presented a proposal for 
creating a multinational pool of 
nuclear resources, to make it easier for 
developing countnies to begin or expand 
nuclear energy programmes. 

The IAEA- meeting, however, was 
basically a forum, rather than a policy- 
making session, and the best any 
simgle delegate could hope for was that 
others would consider the proposals 
discussed and take them back to their 
home governments for study and pos- 
sible implementation. 

The Third World view on technology 
sharing was expressed most emphatic- 
ally by Hervasio de Carvalho, the 
president of Brazil’s Nuclear Energy 
Commission. He labelled the pre- 
occupation over safeguards and the 
spread of nuclear technology to under- 
developed mations as ‘exaggerated’, 
and repeated what Brazilian govern- 
mem officials have been trying to 


waking an atom bomb, even if the 
country in which this occurred was 
actually using atomic energy only for 
peaceful pumposes. 

The Third World rebuttal Of this 
position was that underdeveloped coun- 
tries could never progress if they are 
not allowed to acquire modern tech- 
nology, in nuclear energy as well as in 
other fields. Developing countries des- 
crébed as discrimination the desire on 
the part of industrialised nations to 
limit the spread of such technology. 

The IABA’s director-general, Sig- 
vard Eklund, noted that many Third 
World countries have not signed the 
1970 Nuclear Non-Prokferation Treaty 
because of this feelimg. He appealed 
to them to reconsider the political 
reasons which originally led to thedr 
taking such a position but later recog- 
nised, realistically, that when it comes 
to national pride, nations: sometimes 
refuse to listen to the most soberly 
reasoned arguments. 

The country most strongly opposed 
to the sharing- of nuclear technology 
was the United States. The head of the 
US delegation, Robert C. Seamans Jr., 
director of the US Energy Research 
and Development Administration, said 
in an address that the USA did not 
want to see sophisticated atomic know- 
how spread throughout the developing 
world. 

He said that countries which are 
taught how to enrich their own 


2010 the world will have 1,800 mit 
hon more people who consume less 
than the required daily amount of 


for wrongly copying food preserva- 
tion methods from developed coun- 
tries, which, he noted, do not need 


made in the use of nuclear technology 
in food and agriculture. Among the 


| highlights: 


®© Dr Maurice I. Fried, of the United 
States, director of the Joint FAO/ 
IAEA Division of Atomic Energy in 
Food and Agriculture, pave a his 
torical introduction to the use of 
nuclear techniques in the field of food 
and agriculture, and told delegates 
that isotope and radiation techniques 
“are nether esoteric nor so sophis- 
' ticated that developing countries can- 
not apply them for the solution of 
practical problems.” He noted that the 
bulk of the work of the joint FAO/ 
IAEA programme he heads is aimed 
at helping developing countries use 
atomic energy to improve ther 
agricukural output. 

® Dr Dick De Zeeuw, of the Nether- 
lands, general director of agricultural 
research of the Netherlands Ministry 
of Agriculture and Fisheries, offered 
the sombre forecast that by the year 


food than # does today, and that 
most of these new hunger victims will 
be in Southern and Southeast Asia. 
Many developing countries, he said, 
now lose from 20-40% of their crops 
after harvest; food-irradiation and 
related techniques could reduce this 
loss, but the main obstacle was the 
failure of poHcy-makers in developing 
countnies to adopt the widespread use 
of atomic irradiation of food and to 
discard ineffective traditional 
metiods. 

® Dr K. Sundaram, of India, director 
of the biomedical group of the 
Bhabha Atomic Research Center in 
Bombay, made the point that effec- 
tive food preservation techniques are 
difficult to trangfer to underdeveloped 
ones, because of problems of money, 
materials, technology and energy of 
the poor nations’ end. He said that 
developing nations around the world 
had failed to recognise drradiation’s 
true importance, and criticised them 


to place so much importance on 
irradiation because of the already 
high standards of their food 
industries. 

@ Admar Cervellini, of Brazil, pro- 
fessor and head of the Physics and 
Meteorology Department of the Uni- 
versity of Sao Paulo’s Luiz de 
Queiroz Agricultural College, in 
Piracicaba, spoke about the work of 
Brazil’s Centre for Nuclear Energy 
in Agriculture, of which he also is 
the head. The centre, which was set 
up with IAEA assistance, is now ten 
years old. 

Dr Cervellim said that one of the 
centre’s most practical achievements 
has been the development, through 
radiation mutation, of strains of 
beans with increased yield, with 
higher protein content, and with 
more resistance to Golden Mosaic 
disease. Seeds of the latter variety 
have been distributed to five other 
Latin American countries. 
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explain to the rest of the world since 
the controversial nuclear deal with 
West Germany in 1975: that Brazil, 
which is poor in oil, has low-grade coal 
and is quickly using up its feasibly 
exploitable hydroelectric potential, has 
no other alternative but atomic energy 
for meeting its future electric-power 
needs. And for reasons of national 
security and common sense, Brazil can- 
not remain dependent on outside sup- 
pliers for nuclear fuel-——as the United 
States would like. 

Carvalho pointed out that even 
though Brazil has not signed the 
Nuclear Nonproliferation Treaty (for 
the usual reason: opposition to the 
division of the world into an elite, 
industrialised “atomic club” and every- 
one else), it has submitted the agree- 
ment with West Germany to IAEA 
safeguard supervision, This, he said, ts 
proof that Brazil is not going to make 
any bombs, adding that the world 
should accept the word of other coun- 
tries that make similar pledges to use 
atomic energy only for peaceful pur- 
poses. (The TAEA Board of Governors, 
which met in Rio before the general 
meeting, approved safeguard provisions 
in two other major transfer-of-tech- 


USA 


nology nuclear agreements: the one 
between Canada and Spain and that 
between France and South Africa.) 
The Nigerian delegate’s contention, 
that developing countries are in the 
IAEA “to be seen but not heard”? and 
that they are “merely tolerated’ by 
industrialised countries, did not seem 
to be reflected by the vote on a pro- 
posal sponsored by Iraq te admit the 
Palestine Liberation Organisation to 
the TAEA, as an observer. Of the 71 
of the 110 member countries of the 
agency that were present for the vote, 
46 voted in favour, 21 abstained and 
only four (Israel, the United States, 
South Africa and Costa Rica) voted no. 
A move led by black African coun- 
tries and supported by several socialist 
states to expel South Africa from the 
IAEA. on grounds that the Pretoria 
government does not represent the 
people, did not succeed. The best these 
countries could do was to get a motion 
passed to review South Africa's per- 
manent seat on the Board of Gov- 
ernors, but with no action to be taken 
until the 1977 TAEA meeting. It is un- 
likely that even this watered-down 
proposal will bring results, because 
IAEA by-laws say the permanent 


New directions in lobbying 


A new lobbying organisation concerned 
with global scientific environmental 
and social issues was established in the 
United States last week. Colin Norman 
reports from Washington 


(TERT TROT r eraann nnana naasa p Bi 


ALTHOUGH Washington is thick with 
lobbyists, public interest groups, re- 
search organisations and assorted 
political hucksters selling commodities 
ranging from the B-I bomber to en- 
vironmental awareness, the debut last 
week of a new ‘citizens lobby’ deserves 
--—and is geftting-—more than passing 
attention. 

Called “New Directions’, the organ- 


isation will be devoted to raising 
Washington’s political consciousness 
(or at least, the consciousness of 


Washington’s politicians) on such inter- 
national issues as arms control, popula- 
tion growth, environmental pollution, 
and the depletion of resources. It will 
be an unabashed lobbying enterprise. 
focusing its attentions on the Congress. 
The reason it is already attracting con- 
siderable notice is that the list of its 
officers and governing board reads like 
a Who's Who of people concerned with 
such matters. 

Full-time President of New Direc- 
tions is Dr Russell W. Peterson, former 


Governor of Delaware, who recently 
resigned as Chairman of the Council 
on Environmental Quality to head the 
new group. And the outfit’s executive 
council will be chaired by Dr Margaret 
Mead, the well-known anthropologist 
who has long been active in public 
interest causes associated with science. 

Planning for New Directions began 
in the Summer of 1974, when Norman 
Cousins, editor of Saturday Review, 
and Theodore M. Hesburgh, president 
of the University of Notre Dame, con- 
vened a small group to discuss whether 
such an organisation is needed and 
if so, what form it should take. During 
the past two years, the planning group 
has expanded to more than 100 people, 
including such luminaries as Robert 
McNamara, head of the World Bank, 
Kingman Brewster, President of Yale 
University, James Grant, president of 
the Overseas Development Council, 
Lester Brown, head of the Worldwatch 
Institute, and Sargent Shriver, former 
director of the Peace Corps. 

The organisation will be similar in 
structure to Common Cause, a lobby- 
ing group which concentrates its atten- 
tions on domestic affairs. It will be a 
grass-roots organisation, financed by 
membership fees of $25 per year, 
solicitations for which will soon be 
made through a direct mail campaign 
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regional seats on the board must go to 
the countries in each specific area of 
the world that are the most advanced 
in nuclear technology. In Africa, there 
is no doubt that this is South Africa. 

The effect of nuclear power stations 
on the environment was another topic 
to come up at the meeting. Eklund 
expressed veiled dislike for citizens’ 
movements which have sprung up in 
countries such as the United States to 
stop further construction of nuclear 
reactors. The [AEA chief asserted that 
nuclear power plants are “friends of 
the environment.” He said there has 
never been a fatal accident from 
nuclear causes at any of the 180 non- 
military nuclear installations now 
operating around the world. In con- 
trast, Eklund noted, there have been 
serious accidents at hydroelectric 
plants, including the bursting of dams 
and the consequent widespread des- 
truction of the environment. 

Debate continued at the meeting on 
how hest to dispose of waste material 
from nuclear reactors, by burying it in 
the ground, storing it in protected con- 
tainers, dispersing it into the air or 
dumping it into the ocean. Perhaps 
predictably, no consensus was reached. 





using membership lists of sympathetic 
organisations. New Directions hopes to 
attract at least 300,000 members, a 
number which would give it a very 
sizable war chest to put its message 
Across. 

Although the general nature of that 
message is evident from the concerns 
of the people associated with New 
Directions, priorities and detailstof the 
organisation’s objectives are now being 
mapped out by groups of individuals 
working in the general areas of arms 
control, poverty and the widening 
economic gap between rich and poor 
nations, environment and natural re- 
resources, human rights, and govern- 
mental decision-making. 

There are already numerous organ- 
isations active in Washington in those 
areas, but New Directions hopes to 
provide an additional function—politi- 
cal lobbying to get the concerns raised 
by various public interest organisations 
through to the policy makers. Few 
existing organisations have been able 
to take on such a role because they 
would lose considerable tax advantages 
if they were to indulge in direct lobby- 
ing activities. Essentially, they are 
registered as educational or research 
outfits. Though a recent change in the 
tax laws has lifted some of those restric- 
tions, few organisations are geared up 
to lobby actively. 

A statement put out last week by the 
planning committee of New Directions 
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describes its relationship with existing 
groups. “While the work of these 
groups provides an essential base of 


~ information and documentation,” it 


says, “the missing element has been a 
force unlimited in scope and unfettered 
by tax prohibitions .. . No organisa- 
tion has set out to mobilise existing 
resources to take hard political action 
on the critical measures which must 
be implemented to relieve the problems 
which now disrupt all economies, 
undermine political stability, suppress 
human freedoms, and directly threaten 
human survival throughout the world. 
Our purpose is to build such an organ- 
isation”’. 

The idea is that New Directions will 
work closely with other groups—in- 
deed, many of them have representa- 
tives on the organisation’s governing 
board—-and draw heavily on their re- 
search and expertise. It will select 
issues to lobby for, try to bring to- 
gether informal coalitions of groups to 
work on them, and serve as a co- 
ordinating centre for exchange of re- 
levant information. But its chief role 
will be to draw as much attention as 
possible to global problems and their 
potential solutions, throvtgh direct 
lobbying with members of Congress, 
government officials, corporate execu- 
tives and so on. It will also take its case 
to the news media, organise local 
groups, go to court when necessary, 
and provide direct support to candi- 
dates for political offices. 

Clearly, although the organisation 
will derive much of its influence from 
its star-studded cast of backers and 
officials, the crucial factor in its effec- 
tiveness will be the size of its member- 
ship. Politicians tend to listen more at- 
tentively to messages delivered by 
groups backed by large numbers of 
voters or by large amounts of cash 
which can be used for campaign sup- 
port. If New Directions can succeed in 
attracting hundreds of thousands of 
members, its voice will be heard above 
the general background noise in 
Washington. 

At this point, however, it is difficult 
to predict whether or not the organ- 
isation can count on that level of sup- 
port. The people most likely to join 
are probably already members of exist- 
ing groups such as Common Cause, and 
it remains to be seen whether the depth 
of their concerns extends to spending 
another $25. But there is at least one 
promising indication: the planning 
committee decided to go ahead only 
after a survey by a New York market 
research firm found considerable sup- 
port for the goals of the organisation. 

Another potential problem for the 
organisation is that unless it treads 
carefully, it may end up stepping on 
the toes of existing bodies which are 
already concerned with global problems 


FDA’s aerosol ban 


In a statement which caught most 
observers here completely by surprise, 
the Food and Drug Administration 
(FDA) announced last week that it 
intends to phase out the use of chloro- 
fluoromethanes (so-called fluorocar- 
bons) as propellants in many types of 
aerosol sprays. Although the state- 
ment did not say when the ban would 
take effect, or how it would be imple- 
mented, FDA said that it would begin 
by requiring warning labels to be 
placed on aerosols containing fluoro- 
carbons, and that the ban would be 
imposed in an “orderly” manner. 

The agency’s action is surprising 
since it follows hard on the heels of a 
major report by a committee of the 
National Academy of Sciences which 
recommended that regulation of 
fluorocarbons should be delayed for 
up to two years to allow time for more 
research on the mechanism by which 
fluorocarbons are believed to be 
breaking down the ozone layer. The 
academy report suggested that since 
the rate of destruction of the ozone 
layer is small, a two-year delay in 
regulation would present little 
additional hazard. 

Dr Alexander M. Schmidt, the 
Commissioner of FDA, said last week, 
however, that additional research 
would narrow the range of uncertainty 
in the calculations of ozone depletion 
but it “won’t change the ultimate 
regulatory situation”. He argued that 
“given the effects on human health 
even a 2% ozone depletion from ‘un- 
essential’ uses of fluorocarbons is 
undesirable”. 

“The known fact”, Schmidt said, 
‘is that fluorocarbon propellants prim- 
arily used to dispense cosmetics are 
breaking down the ozone layer. With- 
out remedy, the result could be pro- 
found adverse impact on our weather 
and on the incidence of skin cancer 
in people. Its a simple case of 


-such as the United Nations Associa- 
tion, the Overseas Development Coun- 
cil and the Worldwatch Institute. A 
check with people from some existing 
groups last week, however, found little 
fear that New Directions would steal 
their thunder or interfere with their 
goals. In fact, most welcomed the pos- 
sibility of having a heavyweight group 
fighting for their causes. 

Some supporters of New Directions 
also argued last week that one of the 
organisation's chief assets is the fact 
that it is headed by Russell Peterson. 
A PhD chemist who worked for Du- 
Pont for 26 years, Peterson is a 
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negligible benefit measured against 
possible catastrophic risk”. 

FDA’s authority extends over foods, | 
drugs and cosmetics. Thus, in theory, | 
it has the power to regulate the | 
formulation of products such as hair | 
sprays and anti-perspirants which | 
account for the bulk of aerosol uses | 
of fluorocarbons. According to FDA’s | 
statement, the agency has authority | 
over about 80% of all products now 
packaged in aerosol containers. 

Schmidt said that FDA will pub- 
lish details of its proposal to require | 
labelling of aerosols containing fluoro- | 
carbons in mid-November, and that 
details of the phase-out programme | 
will follow a few weeks later. The 
labelling programme itself should re- | 
duce consumption of fluorocarbon- 
containing products, and it will also | 
help discourage stockpiling. 

A spokesman for the DuPont com- 
pany, the chief manufacturer of 
fluorocarbons, said last week that he 
was “astounded” by PDA’s decision. 
The industry had regarded the 
academy’s report as a victory because, 
in recommending a two-year delay in 
regulation, the academy had essen- 
tially backed the industry’s argument 
that more research is needed to settle 
scientific uncertainties, 

The industry is unlikely to take 
FDA’s action lying down. Although 
industry spokesmen would not say 
last week how they expect to contest | 
the ban, it is likely that they will ask 
for public hearings and, if necessary, | 
go to court to prevent FDA potting | 
its proposals into effect. One possible 
legal challenge may involve whether 
or not FDA has the authority under | 
existing laws to take such action. The | 
intensity of the industry’s reaction will 
depend largely on how much time | 
FDA gives it to phase out use of | 
fluorocarbons, however, and that | 
won’t be known until towards the end 
of the year. , 


Republican who built a good reputation 
during his term as Governor of Dela- 
ware between 1969 and 1973. Peterson 
also knows his way around the Wash- 
ington power structure very well, 
having served as chairman of the 
President’s Council on Environmental 
Quality for three years. During that 
time, he took several independent 
stands, the latest of which was to call 
for immediate regulation of fluoro- 
carbons in aerosol sprays. As one 
observer put it last week, a Republican, 
a former governor, and a former top 
adviser to the President are good cre- 
dentials for a lobbyist. i= 
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@® The International Council of 
Scientific Unions (ICSU) is the latest 
organisation to seek a role for itself 
in the mounting debate over the risks 
and benefits associated with recom- 
binant DNA experiments. At its 16th 
General Assembly, held in Washing- 
ton last week, ICSU decided to estab- 
lish a Committee on Genetic 
Experimentation to undertake a 
variety of tasks, ranging from the 
provision of advice and information to 
anyone who seeks it, to the support 
of lectures and training courses on 
safety techniques. The committee will 
also look into the possibility of pro- 
viding ICSU support for a facility 
where large populations of cloned 
fragments of, for example, mouse or 
human DNA will be constructed and 
maintained for use by individual 
scientists. One aim of the committee 
is to use ICSU’s considerable in- 
fluence to try to ensure that the 
various controls on recombinant DNA 
experiments which are being imposed 
by countries around the world are 
consistent with each other. As Sir 
John Kendrew, ICSO’s secretary 
general put it last week, it doesn’t 
make much sense for one country 
to put very strict controls on the 
rsearch and for another to allow 
experiments to go ahead with few 
restrictions. 

But Kendrew acknowledged that 
the countries with which ICSU deals 
“are sovereign states and you can’t 
tell them what to do”. The committee 
(which has the snappy acronym 
COGENE) will thus work behind the 
scenes, collecting and distributing 
information and providing assistance 
to national committees where it can. 

Part of COGENE’s task will be to 
ensure that recombinant DNA experi- 
ments are allowed to proceed, albeit 
under “appropriate and generally 
agreed safeguards”. Dr William J. 
Whelan, who headed a committee 
which wrote  COGENE’s charter, 
noted last week, for example, that 
“the committee is not coming into 
being to preside over the demise of 
genetic manipulation and to that 
extent, ICSU is expressing a position”. 

The committee’s most valuable 
function, however, may well be its 
provision of training courses and 
other technical assistance for recom- 
binant DNA researchers. Kendrew 
pointed out that in smaller countries 
training in biological safety techniques 
may be limited. and ICSU could pro- 
vide a needed service. The com- 
mittee will also look into ways to aid 
in the distribution of strains of 
crippled hosts and vectors for recom- 


binant DNA work, to help ensure 
that such strains are universally 
available. 

As for the suggestion that COGENE 
should provide assistance for a central 
clone bank for fragments of mammal- 
ian DNA, the establishment of such 
a facility could greatly reduce the 
proliferation of some of the more 
hazardous cloning experiments. A 
similar clone bank is under con- 





sideration in the United States, for 
use by American scientists. 

@ Once again, the Food and Drug 
Administration (FDA) has refused to 
allow the artificial sweetener cycla- 
mate back on the market in the 
United States because of unanswered 
questions about its safety. Cyclamates 
were banned by FDA in 1969 on the 
basis of studies which indicated that 
they may cause bladder cancer in 
test animals when fed to them in 
large quantities; Abbott Laboratories, 
the manufacturer of the sweetener, 
contested the ruling and has been 
trying ever since to get it reversed. 
Last year, Abbott presented FDA 
with a petition, backed by a sheaf of 
test data, purporting to show that 
cvclamates are safe. But, last week, 
after turning Abbotts svidence over 
to an independent committee for its 
opinion, FDA rejected the petition, 
stating that “the data submitted .. . 
do not establish that cyclamate acid, 
calcium cyclamate, and sodium cycla- 
mate are safe for their intended use”. 
Undeterred, Abbott has demanded a 
public hearing, and will probably 
press its case in court if necessary. 
The final curtain has still not dropped 
on the longest-running food additive 
farce in Washington. 

@ The Presidential election campaign 
drones on. with scarcely any mention 
of scientific, environmental or related 
issues (the only excention being some 
discussion of wavs to curb nuclear 
proliferation). But at least the candi- 
dates’ thoughts on three matters of 
interest to the scientific community 





have appeared in print. 

The current issue of Physics Today, 
a magazine published by the Ameri- 
can Physics Society, contains the 
responses of President Ford and 
Jimmy Carter to three questions put 
to them by the APS president, 
William Fowler. Fowler asked for 
their views on the role of science 
advisers in the White House, on 
national energy needs and the nuclear 
power programme, and on federal 
support for basic and = applied 
science. 

On the role of scientists in White 
House policy-making, Ford referred 
to the fact that Congress has recently 
approved legislation he introduced to 
re-establish a White House Office of 
Science and Technology Policy 
(OSTP). Noting that the director of 
the office will be the President’s 
science adviser, Ford stated that he 
would “be one of my senior advisers 
and will also provide advice to other 
senior advisers”. Carter offered no 
details of the role of his science 
adviser, though he argued that “the 
office of science adviser to the Presi- 
dent should be ungraded immediately 
to provide a permanent and hich- 
level relationship between the White 
House and the scientific community”, 

The two candidates differed most 
in their replies on energy policy. 
Ford contended that the use of 
both coal and nuclear power should 
he exnanded. called the safety record 
of nuclear plants “outstanding”, said 
he had increased federal spending on 
safety technology, and noted that his 
Administration was then in the middle 
of a review of its nuclear policy, 

Carter said that no leadership now 
existed in the White House on energy 
planning. He said strong emphasis 
should be placed on energy conser- 
vation, arguing that “50%, of our 
energy is wasted’. On nuclear 
power, Carter stated that “we must 
make every effort to minimise our 
dependence on nuclear energy”, 
though he emphasised that he does 
rot support a nuclear moratorium. He 
said he would shift research priorities 
from nuclear power to conservation 
and non-nuclear options. 

On federal research support, Ford 
said he had increased budgets for 
basic research and criticised Congress 
for reducing his budget proposals for 
the National Science Foundation. 
Carter noted that the federal govern- 
ment “has a crucial role to play in 
supporting development of new 
technologies which address national 
priorities”. 

Colin Norman 
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@® The aborted Soyuz 23 mission, 
although failing to accomplish any of 
its scientific objectives, has neverthe- 
less won itself a place in the history 
of Soviet space flight by being the 
first major mission publicly acknow- 
ledged to have failed. 

Hitherto, there has been a con- 
sistent policy for disguising failure, 
malfunction of lunar or interplanetary 
probes being disguised as part of the 
cover-all Kosmos programme (Kosmos 
96 and 111, for example, were almost 
certainly originally intended as Venus 
and lunar probes respectively); a 
manned mission which returned to 
earth prematurely was explained in 
the media as having “successfully 
carried out its objectives”. If, as in 
the case of the nightlanding of Soyuz 
15, early return involved some 
special hazard, it was then claimed 
that the testing of recovery tech- 
niques under these difficult conditions 
was itself part of the programme. 
Even the tragic conclusion of the 
first Salyut-Soyuz mission, when the 
returning cosmonauts perished on re- 
entry, was offset by official pronounce- 
ments that all experiments had been 
successfully concluded and that 
scientifically speaking the mission had 
been entirely successful. 

This reticence regarding setbacks 
was not lifted to any great extent in 
the preparatory work for the joint 
Apollo-Soyuz flight, for which the 
Soviet planners supplied information 
on a “‘need-to-know” basis, and there 
was relatively little discussion of past 


missions. Exchange of scientific in- 
formation is a major concept of 
detente; the effective acknowledge- 


ment of difficulties both in the mission 
of Soyuz 23 to the Salyut 5 spacelab 
and in its return and landing may 
prove to be a sign of greater openness 
on the part of the Soviet space 
planners. pa 
® The Far Eastern Science Centre of 
the Soviet Academy of Sciences is 
failing to make a proper practical 
contribution to the national economy. 
That, at least, is the finding of a 
special enquiry by the People’s 
Monitoring Committee of the USSR. 
Over the past five years the Institutes 
of the Centre have carried out 
research on “more than 400 topics of 
a theoretical and practical character”, 
notably in geology, vulcanology and 
marine resources. But, says the 
report, there were serious ‘“‘derelic- 
tions” in the institutes’ work which 
have prevented the proper utilisation 
of scientific potential and resources. 
Too little is being done to apply the 
results of completed research to the 


national economy; during the last 
Five Year Plan, only 20 projects 
“with a confirmed economic effect” 
were realised, and out of 142 pro- 
posed inventions, only 42 received 
patents. The majority of research 
resulted merely in publications and 
‘“unplanned-for’” monographs. The 
Centre is therefore deemed to be 
failing to carry out one of its funda- 
mental functions, that of coordinat- 
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ing research “within the framework 
of the regions”. 

The development of the local 
resources and potentialities of 
Siberia and the Soviet Far East was 
the main reason for the founding of 
local Filials of the All-Union 
Academy, and the combining of 
existing Institutes into “Science 
Centres’. Thus the Buryat Filial of 
the Siberian Branch of the Academy 
of Sciences of the USSR, which has 
recently celebrated its tenth anniver- 
sary, concentrates on solid state 
physics, rare-metal chemistry, and 
polymer synthesis—all in the name 
of local development—-as well as the 
“propagation of electromagnetic 
waves in the conditions of the Trans- 
Baikal area”, which, it is claimed, 
has brought television to more than 
80%, of the inhabitants of Buryatia. 

The criticism of the Far Eastern 
Science Centre—in contrast to a 
practically-ortented body such as the 
Buryat Filial—is fully in accordance 
with the directives of the current 
Five Year Plan, which, like its pre- 
decessor, stresses the concept that 
research should serve the economy. 
In many cases, however, this demand 
is little more than a slogan. invoked 
in the reportage of all major projects, 
even when, as in the case of an inter- 
planetary probe, the practical benefit 
to the economy seems somewhat 
tenuous. 

As Mr Brezhnev reiterated in 
iustification of basic research at the 
25th Party Congress, “There is 
nothing more practical than a good 
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theory”. The findings of the investi- 
gation on the Far Eastern Science 
Centre suggest, however, that, at 
least in the lower echelons of the 
scientific establishment, a greater 
emphasis on immediate practical 
applications may from now on be 
obligatory. 

® Construction of the first full-scale 
geothermal power station, at the foot 
of a large voleano on the Kamchatka 
peninsula, is about to begin. Kam- 
chatka and the Kuriles form the only 
region of active vuleanism in the 
USSR: during the past year eight new 
volcanoes have appeared on the 
Kamchatka peninsula, one of which is 
continually active, while on Matua 
Island in the Kuriles an eruption of 
the Sarycheva volcano began on 
September 23, emitting a column of 
lava bombs, ash and steam, with 
explosions every 14-2 minutes and an 
ash cloud so. dense that vulcanologists 
could not approach the island for 
eight days. 

The possibility of using geothermal! 
waters has long been considered a 
promising energy source for the 
development of local mineralogical! 
and fish-processing industries. A pilot 
generator, at Pauzhetka, has been in 
operation for some time. According 
to information presented at a recent 
All-Union Symposium: held in Kam- 
chatka and the Kuriles on the utili- 
sation of geothermal heat-sources, 
“There are quite suficient- high- 
temperature resources for geothermal . 
stations with a total. capacity of 
300 MW”. 

@ The pilot U-25 MHD-generator, 
which came into service in 1971, and 
which still remains the only one of its 
kind in the world, is to receive a new 
superconducting magnetic system, 
developed at the Argonne National 
Laboratory in the USA. In exchange, 
American scientists will have an 
opportunity of carrying out research 
on the U-25 jointly with their Soviet 
colleagues. MHD power generation is — 
one of the main fields of Soviet—US 
cooperation, and the supply of the 
new magnetic systent. will form. a 
major step in the impler ion of 
intergovernmental agreements. The 





Director of the High-Temperature cans 


Institute of the Soviet Academy of 
Sciences, Academician A. Sheindlin, 
says results from research on this 
generator are of particular signifi- 
cance because it has already been in | 
operation for some 4,000 hours, for 4 
200 of which it has been sup af 
electric current direct to the Mosco 
grid. 





Vera Rich 
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Rethinking nuclear policy 
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A contribution to Canada’s nuclear 
debate has come from the head of the 
Science Council of Canada. David 
Spurgeon reports from Ottawa 
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THE executive director of the Science 
Council of Canada, John J. Shepherd, 
has called for the federal government 
to set up a concentrated, focused, 
nuclear industrial strategy. The call, 
his most recent public pronouncement, 
indicates how much he has done to 
shape a new, bolder, more public and 
more independent role for the Council, 
something it has sought over this past 
concluding year to its first decade. 

Shepherd came to the council from 
industry, where he was chairman of a 
successful high technology instrument 
firm, and he brought with him the 
vigorous, pragmatic approach one 
would expect from such a background. 
So his public statements tend to be 
hard-hitting and to the point. This 
latest, which was contained in an 
article in The Financial Post, was no 
different. 

Shepherd acknowledged that there 
are serious matters still to be resolved 
regarding the nuclear power issue in 
Canada—like other industrialised coun- 
tries, Canada has become locked in 
debate over questions like the safety 
and security of reactors and the dis- 
posal of radioactive waste. But it stated 
that nuclear power in Canada ‘‘is a fact 
—and it would be foolish not to take 
advantage of the opportunities it 
offers.” And it went on to point out 
that the size of the proposed nuclear 
power programme in Canada in future 
is very large: an estimate of 70 
nuclear power units by the end of the 
century is decidedly conservative, 
which means the market will be an 
average of $1,500 million a year for the 
next 25 years. 
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Bruce heavy water plant, Ontario 








This means, said Shepherd, that “‘it 
is imperative that we devote a good 
deal of attention to planning.” Three 
sectors are involved in the Canadian 
nuclear programme: Atomic Energy 
of Canada Ltd (AECL), a Crown cor- 
poration that carries out research, 
development and engineering; the pro- 
vincial electrical utilities, © which 
operate the plants; and industry, which 
does the manufacturing. “It is pain- 
fully clear,” said Shepherd, “that in- 
dustry has so far been unable to carry 
its weight in this arrangement.” 

This comment was nothing new: as 
far back as the 1960s, AECL officials 
were saying the same thing. But 
Shepherd went on to say that industry's 
contribution has been rendered in- 
effective by cancellations or postpone- 
ments in nuclear plant construction, 
lack of a steady stream of nuclear pro- 
jects, low-volume ordering and low 
profit margins. Those wanting to break 
into the market, particularly in some 
of the specialised instrumentation 
areas, were frustrated by piecemeal 
orders. What is required, he added, is 
a “mixed nuclear consortium—com- 
prising electrical utilities, AECL, and 
industry’. and for this to happen, 
several changes would have to be 
made. 

Electrical utilities would have to 
alter their construction philosophies 
and permit others to play a greater co- 
ordinating role. AECL would have to 
hand over to the new consortium its 
Power Projects group, which carries 
out its engineering functions. And 
industry would have to accept new 
responsibilities. If AECL’s heavy water 
production activities were also trans- 
ferred to such a consortium, it would 
leave only its original research and 
development function. Under another 
name this could become the institu- 
tional focal point for a major thrust 
in energy research development, “for 
example, along the lines of the US 
Energy Research and Development 
Administration. Such an expansion of 
responsibilities might also contribute 
to the initiation of a national energy 
policy.” 

Shepherd again made it clear he 
thought the domestic market for 
nuclear power station more important 
to Canada than foreign ones, and re- 
ferred to losses associated with a 
nuclear sale to Argentina. Others have 
pointed to difficulties Canada has had 
with sales to countries like South 
Korea, India and Pakistan. If Canadian 
industry could not grasp the opportuni- 
ties presented by the domestic nuclear 
market, “it should not complain when 
government fills the vacuum.” O 
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Nobel prizes announced 


The $160,000 Nobel prize for medicine 
will be shared by Professors Baruch 
Blumberg and Carleton Gajdusek. Dr 
Blumberg is professor of Medical 
Genetics at the Institute for Cancer 
Research of the University of Pennsyl- 
vania and Dr Gajdusek works at the 
National Institutes of Health, Bethesda; 
both men did their prize-winning work 
at the National Institutes of Health. 
Both prizes are for research in virology, 
Professor Blumberg’s for discovering 
Australia Antigen, a particle associated 
with serum hepatitis (hepatitis B), and 
Professor Gajdusek’s for the funda- 
mental research on kuru, the slow 
virus disease that was prevalent in the 
cannibalistic Fore tribe of New Guinea. 

The prize for physics goes to Pro- 
fessor Burton Richter of Stanford and 
Samuel Ting of MIT for their work 
on the J/ particle. The particle, dis- 
covered simultaneously and indepen- 
dently by the two researchers in 1974, 
has opened up new realms of investi- 
gation with the new property of matter 
known as ‘charm’, 

The prize for chemistry is awarded 
to Professor William Lipscomb of 
Harvard for his work on boranes. The 
bonding of these compounds was long 
a puzzle according to conventional 
valency ideas; Lipscomb in the 1950s 
took the new multicentred-bonding 
theory, predicted borane structures 
and used elegant X-ray crystallo- 
graphy to show that some of these 





structures were actually cages, one 
even an icosahedron. 

2,4,5-T production ended 
Britain’s only producer of 2,4,5- 
trichlorophenol, the chemical being 
manufactured at Seveso when the 


poison TCDD was accidentally released, 
has decided not to recommence pro- 
duction. The company, Coalite and 
Chentical Products Ltd, of Bolsover, 
Derbyshire, stopped production in 
August “to make 110% sure” of its 
safety measures. Coalite had operated 
with more stringent safety measures 
than the Italian plant. but after the 
Seveso accident UK Health and Safety 
inspectors recommended even more 
precautions. The company has blamed 
over-sensational publicity of the Seveso 
accident for its decision, 

@ A list of 721 highly poisonous sub- 
stances has been prepared by the 
Ministry for the Environment of the 
West German State of North Rhine 
Westphalia. Included are all chemicals 
with an effect similar to that of TCDD, 
some even more poisonous and some 
less poisonous but still potentially 
lethal, 
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Argentinian release 


Reports coming out of Argentina indi- 
cate that most of the employees of the 


‘+ Atomic Energy Commission who have 


been in prison since April (Nature, 
October 7, page 452) have now been 
released. Dr T. Victoria, whose brother 
highlighted their problems, is now in 
Belgium; the rest are still in Buenos 
Aires. There is, however, still no news 
at all of Antonio Misetich, a one-time 
MIT researcher. 


UK physicists’ concern 


The UK high energy physics com- 
munity is becoming increasingly con- 
cerned at the prospect of financial set- 
backs to its research effort. This became 
clear last week with the emergence of 
attempts to organise its members for 
concerted action. These follow the 
Science Research Councils recent 
urgent request to large laboratories for 


Does science, or do scientists, have 
a special responsibility to society? A 
conference held early in October in 
Florence, Italy, and organised by the 
Fondazione Internazionale Menarini, 
considered this subject from a number 
of angles. Experts from many 
countries gave papers on the problems 
arising from genetic engineering, 
ecological contamination of the bio- 
sphere, world food shortages, safer 
drugs for better therapy, the specific 
needs of developing countries and 
population overgrowth. The speakers 
identified many fields in which scien- 
tific research and its application 
obviously have an important part to 
play. They suggested that the public 
and their rulers often underestimate 
the contributions that scientists may 
make. But the general conclusion 
seemed to be that though scientists 
Should be more vocal about their 
possible value, they should generally 
advise their rulers and should not 
formulate policy. In fact, they should 
continue to be “on tap, not on top”. 

Most speakers stressed the im- 
portance of work aimed at solving 
practical problems of food and health, 
and the need of more support for 
such investigations. However, others 
suggested that the important and 
soluble problems might not be so easy 
to identify, and they justified their 
efforts in more basic fields. For in- 
stance, it was said (predictably, by 
scientists with world reputations in 
the subject) that we know so little 
about the processes going on in the 
oceans that all manner of apparently- 
academic studies are justified in the 
hope that we may, eventually, have 
the knowledge to control marine 
pollution. It was interesting to hear 


information on possible early cutbacks 
in expenditure. 

One possibility being canvassed is that 
there should be a letter-writing cam- 
paign to ministers, MPs and the 
Advisory Board of the Research 
Councils, which has pursued a deliber- 
ate policy of squeezing big science. 
Another is that the most distinguished 
members of the nuclear and high- 
energy physics community might be 
able to agree on some form of cor- 
porate action to defend their interests. 

The government’s cash limits doc- 
trine, which with a depreciating pound 
strains the SRC’s international obliga- 
tions, has precipitated the crisis. 


FBR decision postponed 


Britain’s decision whether to build a 
demonstration commercial fast breeder 
reactor, due this autumn, has been 
delayed to give more time for public 
debate. Mr Anthony Wedgwood Benn, 


views so reminiscent of the “Haldane 
principle’ on which government- 
supported research in Britain was 
based until its recent reorganisation. 

I could not help wondering how 
personally responsible were the scien- 


On responsibility 





KENNETH MELLANBY 


tists who were discussing responsi- 
bility. I found it interesting to observe 
the behaviour of many of the parti- 
cipants at this meeting. They had been 
transported freely from the ends of 
the earth, to be lavishly entertained 
by their Italian hosts, not only to the 
best of the food and wine of the 
country, but also, between sessions, to 
the art and muste of Florence. I re- 
gret to have to report that I have 
seldom attended a meeting at which 
such a substantial number of the 
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the UK Energy Secretary, has also in- 
dicated that the questions put last 
week to the Nuclear Installations 
Inspectorate concerning the fast breeder 
are designed to assess its margins of 
safety independently for the public’s 
benefit. France’s Phénix prototype fast 
breeder at Marcoule closed down 
recently for a period of weeks because 
of a leak in one of its heat exchangers. 








The UK’s pe! con Laboratory cele- 
brated the Ariel V satellite's second 
anniversary on October 15. Ariel V, 
launched off the coast of Kenya, is 
controlled from the Appleton Labora- 
tory which rapidly transmits data to 
experimental groups at the universities 
of London (University College and 
Imperial College), Leicester and Birm- 
ingham; the Goddard Space Flight 
Center in Maryland also operates: one 
of the espera 


delegates put in such a poor attend- 
ance. Many appeared to feel that so 
long as they read a twenty minute 
paper (replete, in many cases, with 
material familiar to their meagre 
audience) and listened to a few of the 
other speakers at the same session, 
they were free to slip off to attend 
the “ladies” sightseeing tours or to go 
shopping or indulge in other non- 
scientific activities. This hardly seemed 
an example of scientific responsibility; 
surely delegates attending a con- 
ference at someone else's. expense 
should be prepared to attend most of 
the meetings and contribute to the 
proceedings? 

So is doing good work in the labora- 
tory and attending meetings con- 
scientiously the sum total of the 
scientists’ responsibility to society? 
Our Marxist colleagues do not think 
so; it was a relief at the Florence 
meeting to be spared their diatribes 
urging the adoption of political 
dogmas as the acme of scientific ful- 
filment. I do not think T am alone 
in my belief that scientists are re- 
sponsible not only for their own work, 
but for trying to ensure that this work, 
and that of their colleagues, is efec- . 
tively organised and applied. If we are 
right in our views that many recent | 
developments in scientific organisation | 
have been harmful to both science and | 
to society, it is our responsibility to 
try to have a better system adopted. 
We should do this no matter how 
unpopular it may make us with some 
of those in authority, and even | 
though, under the present system, we | 
depend on those same authorities for 
both support and (in the case of our | 
younger members) the furtherance of 
our careers. 
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Not a MAFF gaff 


S1r,—The attack by Kenneth Mellanby 
in your issue of September 16 (p186) 
quotes recent newspaper interpreta- 
tions of reports by the Ministry of 
Agriculture, Fisheries and Food 
(MAFF) but does not quote from the 
reports themselves, which are a strictly 
factual account of our food supply 
The MAFF evaluates Britain’s food 
supply at two different levels The first 
provides an assessment of the total food 
available for human consumption in 
the UK from home production and im- 
ports, after deductions have been made 
for exports and non-food uses, the 
second (the National Food Survey) 
provides an assessment of food bought 
at the retail level by different types of 
household. Professor Mellanby’s article 
appears to be based on newspaper com- 
ments on the former, which was pub- 
lished in Trade and Industry on August 
27 of this year (p596) 

Value judgements are not appropriate 
to these published accounts, and the 
MAFF nowhere suggests in them that 
“Britons eat too little food of any 
kind”, or that “the quality of food con- 
sumed shows a steady decline”, or that 
“the consumption of more animal 
protein leads to better nourishment” 
Rather, it is clear that an average 
energy value of 1216 MJ (2,910 kcal- 
orie) per person per day is substantially 
more, not less, than any recommend- 
ation from the United Nations’ Food 
and Agriculture Organisation. Further- 
more, the most recent report of the 
UK National Food Survey Committee 
shows that the food purchases of 
British households provide substan- 
tially more of almost every major 
nutrient than is recommended by the 
UK Department of Health and Social 
Security, and that the nutritional 
quality (estimated as amounts of 
nutrients per 1,000 kcalorie) is in sev- 
eral respects increasing. 

H C. PEREIRA 
Chief Sclentist, 
Ministry of Agriculture, Fisheries and 

Food, : 

Whitehall Place, 
London SWIA 2HR, UK 


Tobacco substitutes 


Sır, —Tobacco substitutes cannot be so 
neatly classified as the article by Allan 
Piper implies (Nature, September 2, 
p2); nor is it relevant, as the article 


might also imply, to predict the toxi- 
cological characteristics of tobacco 
substitutes from smoke chemistry data. 

Tobacco itself, of course, has both 
‘organic’ and ‘inorganic’ components 
Both NSM and Cytrel, which are cur- 
rently the subjects of submissions to the 
UK Hunter Committee, are ‘organic’ 
to the extent that each contains celly- 
lose derivatives ag combustible fuels, 
and glycerol as a humectant; and both 
these tobacco supplements are also 
‘inorganic’ to the extent that each con- 
tains a proportion of mineral fillers. 

Both NSM and Crytrel produce 
smoke, the composition of which differs 
considerably from that of tobacco 
smoke; and to rely upon the chemical 
composition of smoke to predict tox1- 
cological characteristics, as Piper’s 
article can imply, is unwise. The fact 
is, and there ıs ample evidence for this 
from many other aspects of toxicology, 
that our understanding of the biological 
effects of chemical compounds, acting 
alone or in combination. is quite in- 
sufficient to allow any such prediction 
to be made Instead, reliance must be 
placed primarily upon a comparison 
with tobacco in terms of tests which 
provide direct measurements of bio- 
logical activity relevant to diseases 
associated with cigarette smoking, and 
upon other toxicological tests to afford 
an acceptable assurance in respect of 
risks to health not associated with 
cigarette smoking. This need is very 
clearly recognised in the first report of 
the Independent Scientific Committee 
on Smoking and Health. The results of 
such direct comparisons using NSM 
have been most reassuring. 

T R. C. REYNOLDS 

New Smoking Materials Limited, 
Wilmslow, Cheshire SK9 IQB, UK 


Limiting parameters 


Sir,—During the past decade or more, 
articles published in scientific journals 
have been inareasingly disfigured by the 
use of the word ‘parameters’ to include 
any variables that can be measured 
(Nature, September 16, p387) This 
practice. though discouraged by one 
learned society (Medical Research 
Society), now seems to be blessed by 
the Shorter Oxford English Dictionary 
(OED)—(see Addenda p2649). The 
added meaning is “ʻa distinguishing or 
defining characteristic or feature esp. 
one that may be measured or quan- 
tified, 1962” that is, a variable. 


The 1964 edition of the Shorter 
OED gives several meanings of the 
word ‘parameter’ specific to certain 
disciplines such as mathematics, 
astronomy and crystallography, but 
defines its genera] meaning as “a 
quantity which 1s constant (as distinct 
from the ordinary variables) in a par- 
ticular case considered, but which 
varies in different cases. esp. a constant 
occurring ın the equation of a curve or 
surface, by the variation of which the 
equation is made to represent a family 
of such curves or surfaces, 1852” This 
definition seems to me (with relics of 
schoolboy Greek to conform with 
Tapaperpsa, “to measure one thing 
by another, to compare, Plato” (An 
Intermediate Green-English Lexicon, 
Liddell and Scott, 1955). 

Oxford lexicographers may exculpate 
themselves with the defence that they 
merely record current usage in both 
spoken and written form (even though 
it tends to perpetuate a nonsense that 
a parameter may be sometimes a con- 
stant, at others a variable). But do 
editors of scientific publications, which 
require exactitude for permanent re- 
cords, need to be so fickle? If the 
Editor of Nature were to insist that in 
his journal the word ‘parameter’ in the 
general sense shall have the 1852 mean- 
ing, would not editors of all journals 
less widely read soon follow suit, to the 
great benefit of all discerning readers? 

This clarification of the current fog 
would not resolve the underlying diffi- 
culty that there ıs a persistent demand 
for a word to embrace the measurable 
and estimable quantities of a system, 
for which the word ‘parameters’ 1s now 
fashionably used If a factor 1s measur- 
able, there is little harm in referring to 
it as ‘a measurable’; but if it ıs a de- 
rived number like the constants, a or b 
(parameters) of the equation of direct 
proportionality of the two variables x 
and y (y=a+5bx) it is not directly but 
only indirectly ‘a measurable’ In the 
collective sense measurables plus estim- 
ables are ‘quantifiables’ or ‘quantities’, 
or ‘numerables’. 

J. F. Lourrr 
Medical Research Council, 
Harwell, Didcot, 
Oxford, UK 


The Editor of Nature welcomes 
all correspondence. Letters should 


be kept as brief as possible. 
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Molecular heterogeneity of the p thalassaemias 


from Edward J. Benz Jr 


THE £ thalassaemias are characterised 
by an inherited reduction (8* thalas- 
saemia) or total absence (f* thalas- 
saemia) of -globin chain synthesis. 
' There is general agreement that defects 
in -chain synthesis occurring in f* 
thalassaemia are due to corresponding 
reductions in the amount of RNA 
coding for B c _ (Nienhuis and 
Anderson, J. clin. Invest., 50, 2459; 
1971; Benz and Forget, J. clin. Invest., 
50, 2755; 1971; Housman et al., Proc. 
natn. Acad. Sci. USA, 70, 4809; 1973; 
Kacian et al, Proc. natn. Acad. Sci.” 
USA, 70, 1886; 1973). But as indicated 
by the recent paper of Ramirez et al. 
(Nature, 263, 471; 1976) the 8° thalas- 
sacmias may be far more complex and 
heterogeneous with respect to their 
precise molecular origins. v`. 
Several genetically and clinically 
distinct haemoglobinopathies are asso- 
ciated with the absence of §-chain 
synthesis. The “typical” or “high Ay” 
type of 8* thalassaemia represents the 
extreme form of #* thalassaemia; £- 
chain synthesis is totally absent and 
haemoglobin A, (a) levels are ele- 
vated. In both 8 thalassaemia and 
hereditary persistence of foetal haemo- 
globin (HPHF) 8 and #-chain synthesis 
,are totally absent. In HPHF the 
balance between alpha-chain and non- 
‘alpha-chain synthesis is preserved by 
efficient synthesis of the y chains of 
haemoglobin F (aryı). In è thalas- 
 sàemia, ychain synthesis is insufficient 
to compensate for the absence of £g- 
chain synthesis, resulting in a thalas- 
saemia phenotype. Finally, Hb Lepore 
syndrome is characterised by absent 
ð and -chain synthesis, incomplete 
compensation by y-chain synthesis and 
production of small amounts of Hb 
Lepore (a,[88]:). The 88 chain is a 
fused chain consisting ‘of the N- 
terminal regions of 8 chains and the 
C-terminal regions of 8 chains. Hb 
Lepore is thought to arise by an 
unequal crossover event during mei- 
osis, resulting in deletion of intact 8 
and chain genes and creation of a 
: fused ðP locus. 
‘ Conconi et al. (Nature, 238, 83; 
1972) have suggested that the high A: 
form of # thalassaemia is hetero- 


geneous at the molecular level. In 
their studies, reticulocyte polyribosomes 
from patients with £* thalassaemia from 
the-Ferrara Valley region of northern 
Italy synthesised no f#-globin chains 
when incubated with postribosomal 
supernatant fractions prepared from 
the same Ferrara-type #*-thalassaemia 
reticulocytes. But “induction” of some 
B-chain synthesis was reported when 
these polyribosomes were incubated 
with non-thalassaemic supernatant. 
Conconi ef al. (Nature, 254, 256; 1975) 
later reported data suggesting that 
intact reticulocytes from these patients 
synthesised some £ globin after thera- 
peutic blood transfusion. In contrast, 
non-thalassaemic postribosomal super- 
natant fractions did not induce’ #-chain 
synthesis by polyribosomes obtained 
from non-Ferrara #-thalassaemic reti- 
culocytes (Rowley and _  Kosciolek, 
Nature new Biol., 239, 234; 1972). 
Conconi ef al. proposed that the 
B mRNA in Ferrara thalassaemia was 
normal; the primary genetic defect 
was thought to be a deficiency of 


some factor essential for -mRNA - 


translation. 

Direct studies of globin mRNA 
translation in heterologous . cell-free 
protein-synthesising systems by Benz 
et al. (Blood, 45, 1; 1975), Kan et dl. 
(Proc. natn. Acad. Sci. USA, 72, 5140; 
1975), and Tolstoshey et al. (Nature, 
259, 95; 1976) have subsequently 
demonstrated absence of translatable 
B-chain mRNA in non-Ferrara forms 
of f° thalassaemia. Ramirez ef adl. 
have now translated globin mRNA 
isolated from Ferrara patients before, 
and 22d after, blood transfusion. No 
synthesis of B globin was observed 
when these mRNA fractions were in- 
cubated in a cell-free system fully 
supplemented -with all the (factors 
necessary for efficient -chain syn- 
thesis. All forms of f& thalassaemia 
studied directly thus seem to be 
characterised by absence of tuncHonal 
B mRNA. 

Total absence of functional mRNA 
could result from absence of the £$- 
chain globin gene (gene deletion), 
failure of the -globin chain to func- 
tion as a template for mRNA syn- 


thesis (transcription), or synthesis of 
structurally abnormal mRNA incap- 
able of functioning in protein synthesis. 
Evidence favouring each of these 
mechanisms has now been reported. 
The paper of Ramirez ef al. typifies 
the diversity of results obtained. Each 
laboratory studying this problem uses 
the same general methodological 
approach. . Purified synthetic DNA 
copies (cDNAs) complementary to 
human a and 8 mRNA are isolated 
and used as molecular probes in 
cDNA-mMRNA or cDNA-DNA hy- 
bridisation assays designed to quanti- 
fy the relative amounts of æ and £ 
mRNA or DNA present in the sample 
being studied. Ramirez et al. have 
demonstrated that the B gene is present 
in high’ A, type 8*' thalassaemia but 
absent in HPHF, confirming recent 
work by others (Tolstoshey et al., 
op. cit.; Ottolenghi, et al., Proc. natn. 
Acad. Sci. USA, 72, 2294; 1975; Kan 
et al., Nature, 258, 162; 1975; Forget 
et al., Cell, 7, 23; 1976). Ramirez et al. 
also report the important new finding 
that the B-chain gene is absent from 
the genome of patients with homozy- 
gous £ thalassaemia. The authors cite 
unpublished results by Ottolenghi ef 
al. (submitted for publication) from 
which the same conclusions were 
reached. There is thus general agree- 
ment that at least two genetic mech- 
anisms account for different haemo- 
globinopathies associated with absent 
B-chain synthesis’ gene deletion in 88 
thalassaemia and HPHF, and the 
presence of a gene which does not code 
for active 8 mRNA in high A; type 
p’ thalassaemia. 

There is considerably less agreement 
about the lesion ¢n B-mRNA meta- 
bolism responsible for absent -chain 
synthesis in patients with high A, type 
P° thalassaemia. Forget et al. (Nature, 
247, 379; 1974) and Tolstoshev et al. 
(op. cit) have reported virtual absence 
of chain mRNA in non-Ferrara 
patients with f* thalassaemia. In con- 
trast, Kan ef al. (op. cit.) studied two 
Chinese patients with 8' thalassaemia 
and found nearly normal amounts of 
apparently intact -chain mRNA. 
Ramirez ef al. now report that reti- 
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culocyte RNA from Sicilian patients 
with B° thalassaemia contained sig- 
nificant amounts of -mRNA which 
hybridised efficiently to the B-cDNA 
probe. The hybridisation behaviour of 
mRNA from patients with Ferrara- 
type thalassaemia was much more 
complex. Some “B-like” mRNA was 
detected, but this mRNA could protect 
only 40-50% of the B cDNA from 
digestion by the single stranded specific 
S: nuclease used in the hybridisation 
assay. The -like mRNA being 
detected was either deficient in major 
portions of the sequence represented by 
B cDNA, or possessed a base sequence 
so grossly altered that very poorly 
matched hybrids were formed. 

In summary, published data suggest 
that 2° thalassaemia and related haemo- 
globinopathies can arise from lesions in 
virtually every step of globin mRNA 
metabolism: gene deletion (Gin HPHF 
and in f° thalassaemia), presence of 
the gene but total absence of B MRNA, 
presence of grossly abnormal B mRNA 
in Ferrara-type thalassaemia, and 
presence of mRNA with normal hybri- 
disation properties but no template 
activity. Unfortunately, it is not clear 
at present whether the diversity of 
results reported reflects the true 
heterogeneity of these syndromes or, 
to some extent, methodological differ- 
ences among the various laboratories 
investigating this problem. For 
example, Forget er af, and Kan er al. 
obtained very different results when 
they analysed the same mRNA sample 
from a Sicilian patient with ° thalass- 
aemia, Forget et al. reported near ab- 
sence of E mRNA while Kan ef al, 
found 30-70%. as much B mRNA as a 
mRNA. Therefore at least some of the 
differences reported may be due to 
technical factors rather than to any 
fundamental heterogeneity among the 
B° thalassaemias. 

Many theoretical and practical con- 
siderations demand cautious interpreta- 
tion of the data obtained from different 
laboratories, Reticulocyte counts tend 
to be rather low in £ thalassaemia and 
blood samples must often be trans- 
ported from endemic areas to the 
laboratories equipped for hybridisation 
analysis. One is thus dealing with very 
small amounts of RNA, isolated, in 
many cases, from blood subjected to 
variable conditions of storage and trans- 
port. More importantly, the reticulo- 
cyte represents only the end stage of 
erythropoiesis; the mRNA | levels 
measured in reticulocytes may not re- 
flect accurately the true status of 
mRNA metabolism during erythropoie- 
sis. For example, if all patients with a 
high A» type $° thalassaemia produced 
an unstable -mRNA molecule, the 
different results obtained in different 
laboratories might merely reflect the 


“age” of the reticulocytes isolated at a 
given time from a given patient, con- 
tamination of reticulocytes by circulat- 
ing nucleated red blood cells, variations 
from patient to patient in the degree 
of mRNA instability, or differential 
losses of æa and B mRNA during 
storage of the sample. Since “R 
mRNA” content is in fact measured 
as the ratio of B/a-mRNA sequences, 
these factors could produce either over- 
or under estimates of B-mRNA con- 
tent, depending on which message (a 
or B) was more severely affected. 

Close homology exists among the 
amino acid sequences of B,y (39/146 
differences from £), and 6 (10/146 
differences) globin chains. Partial cross- 
reaction among the mRNA and cDNA 
sequences specific for these chains is 
known to occur unless incubation con- 
ditions are carefully designed to elimin- 
ate cross-hybridisation. In all the 
aforementioned studies the hybridisa- 
tion conditions were designed to elimin- 
ate Y-B  cross-hybridisation. It is, 
however, much more difficult to deal 
with the potential problem of 6-—£ 
cross-hybridisation. It has not yet been 
possible to isolate 6 mRNA, estimate 
the “normal?” amounts present, or de- 
termine whether -8 cross-hybridisation 
occurs in “stringent” hybridisation 
conditions. Finally, some laboratories 
use CDNA probes which are incom- 
plete copies of their mRNA templates 
or are significantly contaminated (10- 
30°) with other globin-specific cDNA 
sequences. Although such probes are 
useful for detecting the presence or 
absence of B mRNA, they are less 
reliable for quantifying the precise 
amounts present, 

Although the above technical reser- 
vations are significant, there is little 
doubt that some molecular hetero- 
geneity exists among different patients 
with 8° thalassaemia, For example, the 
B mRNA detected by Kan er al. in 
reticulocytes from Chinese patients had 
thermal denaturation profiles (melting 
temperature curves) indistinguishable 
from those of normal B mRNA. These 
patients, at least, seem to have some 
true B MRNA. Similarly, Benz, Forget, 
and coworkers (Clin. Res., 23, 269a; 
1975, and manuscript in preparation) 
have analysed MRNA from a number 
of patients with 6° thalassaemia using 
highly purified full length cDNA 
probes. In some of these patients the 
absence of message could be demon- 
strated, while in others the presence 
of at least small amounts of B-like 
mRNA was observed. In these studies, 
a patient with Hb Lepore syndrome 
had mRNA which hybridised to the £ 
probe, suggesting indirectly that the 
(and, presumably, ê 
mRNA) can cross-hybridise with 6 
cDNA even in “stringent” conditions. 
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Precise definition of the genetic 
lesions in different patients with Ø” 
thalassaemia is important because each 
of these defects represents a potentially 
important clue for elucidation of the 
poorly understood pathways of mRNA 
synthesis, processing, transport and 
stability. Further progress will require 
detailed investigation of mRNA meta- 
bolism in nucleated erythroblast pre- 
cursors. It is to be hoped that there will 
be free exchange of samples so that 
general agreement may be reached as 
to the final results obtained. Hf is 
crucial that the results obtained reflect 
only differences in the state of the f° 
thalassaemia genes rather than differ- 
ences in the state of the art in various 
laboratories. 

The thalassaemia syndromes have 
been unique among human disease 
states because of the facility with which 
the techniques and concepts of mole- 
cular biology can be applied to explain 
the genetic and biochemical origins of 
the clinical disorder. Further study of 
the f thalassaemias should continue to 
yield valuable information about the 


- factors controlling the metabolism and 


stability of globin mRNA in normal 


erythroid cells. = 


Changing climate of 
the North Atlantic 


from P. M. Kelly 


THE debate over the causes of climatic 
change is slowly shifting from lively, 
but somewhat unproductive, discussion 
of the theoretical likelihood that any 
climatic control, such as solar activity 
or ocean-atmosphere interaction, could 
affect climate, to discussion concerning 
the relative importance of selected con- 
trols that have been convincingly 
shown to have affected climate. This 
synthesis has been hampered by the 
reluctance of some investigators to 
examine the assumptions upon which 
their chosen method of analysis is 
based and to consider the extent to 
which their conclusions are determined 
by such assumptions. For example, the 
results of some numerical modelling ex- 
periments tend to stress the importance 
of internal fluctuations in the ocean- 
atmosphere system and to minimise the 
importance of external factors such as 
solar activity, simply because these ex- 
ternal factors are assumed constant. 
Similar considerations apply to all in- 
vestigators who concentrate on obser- 
vational evidence related to one 
external factor alone. The causes of 
climatic change are complex and it is 
unlikely that any one approach to the 
problem, or any one climatic control, 
will provide a full answer. To assess 


Nature Vol. 263 October 21 1976 


Wuy don’t platelets stick to the surface 
of healthy blood vessels whereas they 
will stick to foreign surfaces such as 
glass or to damaged or diseased blood 
vessels? The recent discoveries of two 
naturally occurring compounds have 
revealed much about the underlying 
chemical mechanisms and may provide 
an answer to this intriguing problem. 

In 1975 Samuelsson and his group 
at the Karolinska Institute in Stock- 
holm discovered that when platelets 
stick to each other (or aggregate) they 
release a substance called throm- 
boxane Ay (Proc. natn. Acad. Sct. 
U.S.A., T2, 2994). This highly unstable 
compound (half-life in water about 
30s) is formed from the same 
precursor as the prostaglandins (arachi- 
donic acid through an unstable endo- 
peroxide, prostaglandin G+), but differs 
sufficiently in structure from the 
prostaglandins to justify the use of 
new nomenclature. Thromboxane A; 
(which is almost certainly identical to 
the rabbit aorta-contracting substance 
previously discovered by Piper and 
Vane) is a powerful stimulant of 
platelet aggregation. It is probable 
that the formation of this substance 
is responsible for the clumping of 
platelets which, if allowed to continue 
inside a blood vessel, may result in 
thrombus formation. If the blood 
vessel] becomes completely occluded by 
such a thrombus, the consequent 
tissue damage, for example in the 
heart or brain, may prove rapidly 
fatal. 

Oates and his colleagues at Vander- 
bilt University have reported (Science, 
193, 1135; 1976) that thromboxane As 
released from human platelets can 
constrict coronary blood vessels of the 


q the relative importance of the climatic 


controls, which is an essential step 
towards climatic prediction, collabora- 
tion between people using often widely 
divergent methods to study climatic 
change is highly desirable. 

The recent article by Colebrook 
(Nature, 263, 576; 1976) highlights one 
area where such collaboration should 
prove fruitful. Colebrook analyses long 
series of oceanographic and climatic 
data in order to define changes in the 
North Atlantic current systems and 
ocean temperature during the past 
100 yr and to suggest ways in which 
shifts in the ocean and atmospheric 
circulation are related. He concludes 
that, on time scales of decades, sea 
surface temperature changes are largely 
due to variations in advection associ- 
ated with the changing intensity of the 
Gulf Stream and North Atlantic Drift 
currents. He states that these currents 
are responding to variations in the 
atmospheric circulation over the North 


Molecular insight 
into thrombosis 


from E. W. Horton 


pig. They postulate that platelet aggre- 
gation in areas of damaged endo- 
thelium can release thromboxane As 
and thus cause constriction of large 
coronary arteries. 

A more recent development is 
reported in this issue of Nature (page 
663). It comes from Vane’s group at 
the Wellcome Research Laboratories, 
Beckenham. In the microsomal frac- 
tion of homogenised blood vessels 
they have discovered an enzyme which 
converts the endoperoxide intermedi- 
ary, prostaglandin G», not to the 
classical prostaglandins (Es, F,, and 
D) nor to thromboxane A, (as 
occurs in platelets) but to a new 
substance (PGX) which has not yet 
been identified. PGX has two im- 
portant pharmacological properties 
both opposite to those of throm- 
boxane A, It is the most powerful 
inhibitor of platelet aggregation yet 
discovered and it dilates blood vessels 
Thus the endothelial lining of blood 
vessels possesses its own mechanism 
for generating a substance which will 
prevent platelets from adhering to its 
surface or to each other. Moreover, 
the substance will tend to maintain 
the flow of blood by dilating the 
vessel itself. 

The following sequence of events 
can therefore be envisaged. When 
platelets come into contact with endo- 
thelium of the normal blood vessel 
wall they release a quantity of the 
prostaglandin endoperoxide, which is 


Atlantic, although the atmospheric 
circulation index chosen (tropical 
cyclone frequency) is remarkably in- 
direct. 

Colebrook also shows, contrary to 
other widely publicised opinions, that 
recent changes in the oceanic climate 
are not unusual in the context of the 
past 100 yr. In addition, he presents 
further evidence of the approximately 
10-yr periodicity in sea surface 
temperature in the North-East Atlantic 
that has been mentioned by other in- 
vestigators, He links this periodicity to 
changes in atmosphere pressure asso- 
ciated with the sunspot cycle, as given 
by Parker (Met. Mag, 105, 33; 1976). 
It is interesting that the connection 
between variations in the strength of 
the East Atlantic meridional atmos- 
pheric flow and solar activity is also 
apparent in the 24h change in 
atmospheric pressure distribution 
following a solar flare (see, for 
example, Schuurmans, Meded Verh. K. 
ned. met. Inst., 92; 1969). The effects 
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then used as a substrate by the blood 
vessel enzyme to form PGX. By its 
inhibitory properties this substance 
will, in turn, counteract any tendency 
of platelets to aggregate, or of the 
blood vessels to constrict. If, however, 
platelets come into contact with blood 
vessels whose endothelium has been 
disrupted or destroyed by patho- 
logical changes, there will be no 
enzyme for the formation of PGX 
and so the aggregating action of 
thromboxane A, formed by the 
platelets from prostaglandin endo- 
peroxide, will go unopposed leading 
to thrombosis and local vasoconstric- 
tion. 

Since PGX, like thromboxane A,, 
is an unstable compound, its usefulness 
as a drug to treat or prevent throm- 
bosis in man may be limited. None- 
theless, the elucidation of its structure 
is of paramount importance. Once 
the structure is known, analogues can 
be synthesised with the object of 
finding a compound which combines 
the pharmacological (PG X-like) 
activity with greater stability. Such a 
drug could be used in both the treat- 
ment and prevention of thrombosis. 

Thrombosis is one of the most 
common causes of death in the western 
world. Young and middle-aged men, 
apparently fit and in the prime of life, 
are frequent victims Few really effec- 
tive remedies or preventative measures 
are available. Until now, in spite 
of much outstanding research, the 
sequence of events which leads to 
thrombosis at what is popularly called 
the ‘molecular level’ has been in- 
completely understood. The potential 
value to medicine of the discovery of 
PGX is therefore incalculable. 


on climate of solar variation are 


gradually being accepted as genuine but 
of secondary importance, tending to 
modify the nature of the meridional 
rather than the dominant zonal atmos- 
pheric air flow. 

Increasing evidence of frequency- 
dependent relationships between 
climatic variables is coming to light. 
Sea surface temperature to the west 
of the United Kingdom seems to be 
controlled by the strength of the broad 
Atlantic westerly air flow on time 
scales of decades and longer. Yet, on 
the shorter time scale of the 10-yr 
periodicity, local changes in the 
meridional component of the atmos- 
pheric circulation are more important. 
This association between sea tempera- 
ture and southerly air flow in the East 
Atlantic on short time scales has been 
demonstrated by Dickson (Dt hydroger. 
Z., 24 (3), 97; 1971). 

Investigations such as this are ham- 
pered by the lack of long climatic data 
series. As usual when limited data are 
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available, hypotheses multiply, each 
able to explain the observations. The 
contribution of such empirical analyses 
to the search for the causes of climatic 
changes can be maximised if they are 
used in conjunction with the theoretical 
approach to the same problem: 
numerical modelling. The numerical 
modelling of climatic change and the 
general circulation of the atmosphere 
is at an early stage of development; 
such experiments are primarily de- 
signed to test the behaviour of the 
models, using unrealistically large 
anomalies in the boundary conditions 
to produce an unequivocal response in 
the atmosphere. Until reliable coupled 
ocean—atmosphere models become 
available, numerical models can only 
provide a static picture of a climatic 
state and cannot portray climatic evolu- 
tion. Their potential, however, is great 
and slowly being realised. Hypotheses 
concerning the causes of climatic 
change based on empirical evidence 
can be tested by numerical simulation 
and vice versa, 

To assess the relative importance of 
the climatic controls, it is necessary to 
specify realistic anomalies in the 
boundary conditions of the models. 
Otherwise the value of the experiment 
is lessened. It may indicate that a par- 
ticular control can be effective, but 
not how effective. The use of informa- 
tion concerning actual changes in the 
boundary conditions of the atmos- 
phere, such as contained in the article 
by Colebrook, should ensure that the 
results of numerical modelling experi- 


ments do not diverge unnecessarily 
from reality. 
Increased collaboration between 


people studying climatic change within 
a theoretical framework and those con- 
centrating on the observational data is 
highly desirable, and perhaps essential 
if climatology is to provide some 
indication of future climatic 
development. CJ 


Chinese mitten crab 
reappears in Britain 


from R. W. Ingle and M. J. Andrews 


THE unintentional transportation of 
animals by man beyond the range of 
their normal habitats has always in- 
terested zoogeographers. Five species 
of true crabs have arrived in British 
waters in this manner. One of these, 
the Chinese mitten crab, is of particular 
interest as its spread through Europe 
since its introduction from China has 
been well documented and because it 
has now reappeared in Britain after an 
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Front view of the male mitten crab from West Thurrock generating station. This 
species is easily recognised by the dense fur on the claws. The body colour varies 
from greenish grey to dark brown. 


apparent absence of some 27 yr. 

The mitten crab, FEriocheir sinensis 
A. Milne Edwards, is a native of tem- 
perate eastern Asia and occurs from 
the Fukien province of China to the 
western coastal region of Korea. In 
Korea it shows preference for rice fields 
near the coast and inland occurs only 
in rivers. Life in this temperate en- 
vironment has enabled the crab to 
adapt to similar climatic conditions in 
northern Europe from where it was 
first reported in 1912 from the Weser 
River near Retham, Germany and later 
from other parts of the country. In the 
1920s the crab spread rapidly westward 
and was recorded from rivers in the 
Netherlands, Belgium, France, Den- 
mark and Finland. Its occurrence in 
Britain was first reported in 1935 when 
a male was found in the River Thames 
at Chelsea, then in 1949 a second 
specimen was discovered in Southfields 
reservoir near Castleford, Yorkshire. 
There have been no other reports of 
this crab in Britain until this year when 
three specimens were taken from the 
cooling water intake screens of West 
Thurrock electricity generating station 
in February, May and June. The West 
Thurrock station is situated in a 
brackish region of the River Thames 
estuary 36km below London Bridge 
where the average half-tide salinity for 
the first half of 1976 was approximately 
20g per 1,000 g. 

The mitten crab probably reached 
Europe in the ballasting tanks of com- 
mercial vessels, having entered the 


tanks in Chinese waters as free swim- 
ming larvae and developed en route 
to be liberated as juveniles when the 
tanks were emptied in Germany. 
Studies in Europe have shown that 
adult crabs prefer freshwater and live 
in rivers but migrate into estuaries to 
breed. The eggs are hatched in 
brackish water and developing larvae 
move gradually back into freshwater. 
This recent reappearance of the 
mitten crab in the Thames is interest- 
ing because all the specimens were 
found within a period of 5 months and 
in an area that has been surveyed 
regularly since the 1960s, during which 
time the crab was never reported. It is 
probable that these individual crabs 
were transported to the West Thurrock 
region by ships arriving from European 
ports (more than 100 ships from 
Antwerp and Rotterdam have visited 
West Thurrock in the past 2 yr), and 
does not constitute a serious invasion 
by the species. In large numbers mitten 
crabs can cause considerable damage 
to estuarine river banks resulting from 
the subsidence of their numerous small 
burrows in the mud. The crab is also 
reported to cause damage to fishing 
nets by cutting the mesh in which they 
often become entangled. There seems 
no obvious reason why Eriocheir should 
not become established in the British 
Isles and the arrival of females carry- 
ing eggs would be a significant step 
towards this invasion; further occur- 
rences of the mitten crab are awaited 
with interest. Q 
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Rheology at 
Gothenburg 


from D. R. Oliver 


The Seventh International Congress _ 
in Rheology was held at Chalmers 

University of Technology, Gothen- 

burg, Sweden on August 23-27, 

1976, organised by Professor Josef 

-Kobat and colleagues (Chalmers 

_ University). 


RHEOLOGY is the study of the defor- 
mation and flow of materials, but a 
visit to Gothenburg provided oppor- 
tunities to observe the deformation and 
flow of travellers cheques! The sub- 
ject subdivisions chosen by the or- 
ganisers were polymer solids, polymer 
melts, fluids, polymer solutions, theory, 
suspensions, biorheology, methods, 
metals, concrete and food. This order 
represents a ranking in terms of num- 
bers of papers presented: new subjects 
such as biorheology (13 papers) and 
food (4) seem to be making little im- 
pact on the combined polymer topics 
(149). The apparent fall in the number 
of theoretical papers (23) is illusory, 
since papers under other headings con- 
tain extensive theoretical work and one 
new concept in particular seems to be 
gaining momentum, the search for 
rheological equations of state consistent 
with thermodynamics (J. G. Oldroyd 
(University of Liverpool) and G. 
Astarita (University of Naples)). An- 
other link between rheology and 
physics was provided in a historical 
lecture by H. Markovitz (Carnegie— 
Mellon University, Pittsburgh) who 
pointed out that 100yr ago Boltz- 
mann formulated his principle of super- 
position, according to which stresses 
present at a given time depend not only 
on the deformation at the time but 
also on previous deformations, the in- 
fluence of which decreases with in- 
creasing elapsed time. The suggestion 
was made that Boltzmann’s ideas 
should be given status comparable with 
those of Maxwell in the early develop- 
ment of theories of viscoelastic be- 
haviour. 

Flow visualisation is widely used in 
rheology: some unusual and beautiful 
extrudate flow forms were shown by 
N. Bergam (CHR, Oslo) and die-entry 
flows, with customary flair, by Professor 
Giesekus (University of Dortmund). 
The quadruple vortex formed in a 
Taylor 4-roll mill was demonstrated by 
J. M. Broadbent (University of Wales, 
Aberystwyth) and the flow pattern 
around a sphere moving in a visco- 
elastic liquid by D. Sigli and M. Cou- 
tanceau (University of Poitiers), The 
pattern of a recoiling flow upstream of 


an orifice upon sudden cessation of flow 
was shown by R. J. Gordon (University 
of Florida) and a remarkable tri-modal 
Weissenberg effect induced by torsional 
oscillation of a rod in a viscoelastic 
liquid by D. D, Joseph (University of 
Minnesota). The liquid climbing the 
rod builds up into three (or even four) 
distinct lobes before eventually collaps- 
ing. 

A computational method finding in- 
creasing acceptance is the finite element 
system, in which the uniform grid of a 
finite difference network is replaced by 
a set of irregular elements which con- 
centrate attention around areas of 
particular interest. R. Tanner (Uni- 
versity of Sydney) obtained valuable in- 
formation regarding velocity profiles at 
the exit end of a capillary tube and was 
able to predict jet swell for Newtonian 
fluids; N. Davids (Pennsylvania State 
University) and M. L. Wenner (Gen- 
eral Motors, Michigan) used finite ele- 
ments for the study of uniaxial waves 
in a viscoelastic rod; D. S. Malkus 
(National Bureau of Standards, Wash- 


ington) calculated hole pressure error, © 


and G. Geymonat (CNRS, Marseilles) 
and M. Raous (Poletecnico, Turin) 
applied the technique to the near-solid 
problems of the behaviour of turbine 
blades and to time-dependent effects in 
ageing concrete. The finite element 
method will become widely used in 
rheology and other branches of fluid 
flow. 

The flow of blood was the dominant 
theme of the biorheology section. New 
viscosity concentration relationships 
were obtained by D. Quemada (Uni- 
versity of Paris) and hysteresis effects 
in whole human blood in Couette flow 
studied by A. Apelblat et al. (Paris). 
These experiments showed that the 
aggregation of red cells is both a time- 
and shear-dependent phenomenon pro- 
ducing hysteresis loops in rotary 
instruments. The possible migration of 
red cells away from the walls should 
not be ignored: these effects occur 
strongly in flow down fine capillaries 
and produce the Fahraeus~Lindquist 
effect, that is, lower than normal 
apparent blood viscosity. M. Singh (IST, 
Madras) and N. A. Coulter (University 
of North Carolina) studied the latter 
behaviour in oscillatory flow down 
capillaries and reached the interesting 
conclusion that the effect begins at 
larger tube radii than for steady flow— 
this may help the human body con- 
siderably! In a significant paper L. E. 
Gelin (University of Gothenburg) 
showed how the rheological changes in 
blood following shock or trauma in- 
fluence its distribution in fine capil- 
laries. A Perspex model allowed blood 
to flow along capillaries and then to 
choose a “straight on” or “branching” 
path. For highly aggregated blood (such 
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as that following shock), the forward 
flow contained more red cells and the 
side flow less, particularly for very 
narrow tubes. In critically ill patients, 
this may lead to the total immobilisa- 
tion of red cells, visible as “red shock”. 

Several new concepts were intre- 
duced. B. Mena and ©. Manero 
(National University of Mexico) showed 
that the flow rate of a viscoelastic 
liquid along a tube could be increased 
10-fold by the low frequency axial 
oscillation of the tube, producing 
spectacular spurts of liquid. A paper by 
K. Walters (University of Wales, 
Aberystwyth) described his “torsional 
balance” variant of the rheagoniometer, 
which started life as a squeeze film 
system but has become a potential rival 
to jet thrust as a high-shear steady-state 
normal stress measuring instrument. 

Extensional measurements continue. 
L. Nicolais (University of Naples) and 
colleagues showed that the extensional! 
viscosity of polymer relations contain- 
ing fine glass beads In suspension is 
actually reduced due to the presence of 
the filler; conversely D. R. Oliver and 
R. C. Ashton (University of Birmine- 
ham) showed that the polymers added 
to car lubricating oils cause large mi- 
creases of extensional viscasity in both 
uniaxial and biaxial flows. 

A novel fibre foam was described by 
S, Turner and F. N, Cogswell (CT, 
Welwyn Garden City). This fibre /resin / 
air matrix is easily bonded to other 
materials and is light and strong. The 
uses suggested include shock absorbent 
packing, fenders and riot shields-— 
certainly a topical development, = 





A hundred years ago 


Tue Fellows of the College of Physi- | 
cians of Dublin have deliberately deter- | 
mined to admit Miss Edith Pechey to | 
the examination for the LKOCPI. | 
and have thus thrown open the portals | 
of the medical profession to all comers, 

whether they be “persons” of the j 
male or female sex. However pregnant | 
of results this decision may be, says the | 
Medical Press and Circular, it does not | 
seem to us that any other conclusion | 
was possible, and we expect to see a | 
similar ingress allowed to the ladies by | 
all other bodies. The Queen’s Univer- | 
sity, it is anticipated, will be the- next jo 
to follow suit, and these fortresses | 
having surrendered at discretion, it A | 
impossible that others can long sustain | 
the seige. iE 
From Nature, 14, October 19, 560; 1876: | 
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Interferon therapy 
for hepatitis 


from Arie J. Zuckerman 


THE major importance of persistent 
infection with hepatitis B virus and 
the carrier state can be considered first 
in terms of the potential dissemination 
of the infection to contacts by various 
parenteral (direct introduction into the 
tissues) and non-parenteral routes; and 
there are, at a conservative estimate, 
some 110 million carriers of hepatitis B 
surface antigen. Second, a significant 
proportion of infected patients and 
carriers have chronic active hepatitis, 
cirrhosis and probably primary liver 
cancer in certain areas of the world. 
Much has been written on this subject 
and considerable effort is being directed 
at passive and active immunisation. 
There is, however, no really effective 
treatment which affects the course of 
chronic infection with hepatitis B virus, 
but somewhat unexpected and en- 
couraging results have now been re- 
ported after systemic treatment with 
exogenous interferon, first by Green- 
berg and associates (New Enel. J. Med., 
298, 517: 1976) and more recently by 
Desmyter and colleagues (Lancet, ii, 
645; 1976). 

Interferon has a well known broad 
spectrum antiviral action, and its lack 
of antigenicity in the homologous 
species and the absence of toxicity im- 
mediately provide a compelling appeal 
for its use. Indeed interferon has been 
investigated intensively since its dis- 
covery in 1957 by Isaacs and Linden- 
mann, and much effort has been 
devoted to its application in clinical 
practice for the treatment of several 
viral infections (Merigan ef al. in Anti- 
viral Mechanisms, Perspectives in 
Virology, 9 (edit. by Pollard, M.), 249: 
Academic, 1975). Interferon is probably 
not a single substance but rather it 
represents a class of cellular glyco- 
proteins occurring as monomers or 
polymers of a basic unit with a 
molecular weight of 12,000-20,000. It 
is synthesised by all vertebrates studied 
in response to viral infection and other 
intracellular parasites, polyanions, endo- 
toxin and certain low molecular bis 
basic organic compounds. It is also 
produced as part of the cell-mediated 
immune response by lymphocytes. 

There is experimental evidence that 
the viral inhibitory effect of interferon 
is at the level of translation of viral 
proteins; other data indicate that tran- 
scription of the viral genome is in- 
hibited. But it now seems from other 
evidence that the viral inhibitory effect 
may be exerted not by interferon itself 
but by a cellular protein induced by 
interferon, and further that there is a 
range of proteins that can be considered 


as “interferons”. Interferon also has an 
inhibitory effect on rapidly dividing 
cells including tumour cells, and its 
antitumour potential is under investiga- 
tion. Interferon can be expected, there- 
fore, to be more effective for 
prophylaxis than for the treatment of 
established virus diseases. However, in 
terms of disease process resulting from 
continuing viral replication and spread, 
interferon may be useful, for example 
by preventing the infection of fresh 
cells. 

Greenberg ef al. investigated the 
effect of exogenous human leukocyte 
interferon on persistent hepatitis B 
virus infection associated with chronic 
active hepatitis in four patients. The 
interferon was produced by Dr Kari 
Cantell by stimulation of human blood 
buffy coats with Sendai virus. The 
specific activity of the interferon was 
5x 10° units per mg protein. The four 
patients selected for the investigation 
were carriers of hepatitis B surface 
antigen for more than 6 months, and 
they had persistently abnormal liver 


function tests and histological changes 


in the liver consistent with chronic 
active hepatitis. In addition, three of 
the patients had high levels of circulat- 
ing Dane particle markers including 
DNA polymerase, core antigen and 
Dane particle-associated DNA. Hepa- 
titis B e antigen was present in these 
three patients, and the fourth patient 
had e antibody (see Nature, 263, 374: 
1976). The administration of interferon 
in a dose of between 610° and 
17x 10° units per kg per d was associ- 
ated with a rapid and reproducible fall 
in DNA polymerase activity and the 
other Dane particle markers in the 
three patients on five separate 
occasions. This effect was transient 
when the interferon was given for up 
to 10d, but seemed to be more durable 
when the course of treatment lasted 
for a month or longer. Prolonged 
therapy was associated with the dis- 
appearance or diminution of the e 
antigen in two of the patients. The 
effect of interferon on the surface 
antigen was more variable. Short term 
treatment had no effect on the titre of 
the surface antigen, but treatment for 
a month or longer was associated with 
a significant fall in titre in two 
patients. 

Interferon thus seems to be exerting 
a suppressive effect on the production 
of Dane particles, the presumed in- 
fectious agent of hepatitis B. It is not 
known, however, at what stage of 
assembly of the Dane particle this 
effect occurs. Furthermore, interferon 
has also been shown to affect both 
humoral and. cellular immunity, and 
Greenberg and associates point out that 
the suppression of the markers 
associated with hepatitis B virus may 
have been due to a direct antiviral 
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action or mediated by the immune 
system or a combination of both. There 
is also the possibility that the active 
principle is not interferon but some 
other lymphokine including transfer 
factor (Nature, 258, 14; 1975) or other 
cell product which is present in the 
partially purified preparation collected 
from the human blood leukocytes. But 
this seems unlikely in view of the 
essentially similar results obtained by 
Desmyter et al. (loc. cit.) with interferon 
prepared in cultures of human diploid 
fibroblasts using the double-stranded 
RNA, poly(D poly(C), and super- 
induction. This preparation was given 
to two chimpanzee persistent carriers 
of hepatitis B surface antigen and one 
patient with antigen-positive chronic 
aggressive hepatitis. The treatment con- 
sisted of seven doses of 10’ international 
units of human interferon given on 
alternate days for 2 weeks. Interferon 
had no effect on the titre of the surface 
antigen of the two chimpanzee carriers 
but striking changes were observed in 
the hepatitis B core system. In the first 
chimpanzee, 15% of the nuclei of liver 
cells were found positive for core 
antigen by immunofluorescence. After 
treatment for 1 week, the number of 
positive nuclei and the intensity of 
staining decreased progressively during 
5 weeks, and at that time 0.5% of the 
nuclei were positive. Then the number 
of positive nuclei increased rapidly 
reaching 30% after 1 month. The titre 
of circulating core antibody also in- 
creased. The second chimpanzee had 
no demonstrable core antigen in the 
liver cells at any time, but after treat- 
ment the high titre of serum core anti- 
body fell sharply. In the patient, 
changes were seen in the core system. 
Intense core antigen staining was found 
in 30% of the liver cells before treat- 
ment. Immediately after treatment, 
20% of the liver cell nuclei were posi- 
tive at low intensity, and 5 weeks later 
only 3° were positive. The titre of core 
antibody in the serum remained un- 
changed. 

These preliminary résults obtained in 
short-term investigations in a few 
patients are promising and potentially 
most important, since interferon 
therapy may be useful in limiting the in- 
fectivity of carriers and it may perhaps 
eradicate chronic infection. The experi- 
mental hepatitis B vaccines currently 
under development are unlikely to 
achieve this in the foreseeable future. 
However, even the most ardent pro- 
ponents of interferon and lymphokine 
therapy will urge carefully designed 
studies and only cautious optimism, for 
much remains to be learnt and accom- 
plished before this form of treatment 
can be applied successfully to the many 
important clinical problems so clearly 
outlined by Merigan and his colleagues. 
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ontrol of growth 


Andrew Travers * 








A polymerase specificity and the 


RNA polymerase is an allosteric enzyme whose activity and specificity are controlled by interaction 
with a nucleotide, tRNA and proteins. In E. coli the availability of these effectors should ensure that 
the quality of transcription is tightly coupled both to translation and to the metabolic state of the cell. 





RNA polymerase is structurally one of the most complex 
enzymes in the bacterial cell. This key component of the 
machinery for the expression of genetic information is a 
heteromultimer of molecular weight ~5x10° (ref. 1). Yet, 
in the case of the mitochondrial RNA polymerase a single 
polypeptide chain of molecular weight ~6xX 10° suffices for 
the actual process of transcription’. The complexity of the 
bacterial enzyme must thus reflect additional roles in the 
regulation of transcription and DNA replication. One aspect 
of this control is promoter selection. In this review I argue 
that RNA polymerase is an allosteric enzyme with a variable 
initiation specificity and can discriminate between different 
types of promoter site. The molecular basis for such dis- 
crimination is the ability of the polymerase to exist in 
functionally distinct forms, each of which preferentially 
initiates at a particular class of promoter sites. One effector, 
the nucleotide ppGpp, whose intracellular level is tightly 
coupled to both protein synthesis and the metabolic state of 
cell’, alters the specificity of the polymerase by converting 
one form of the enzyme to another. Other effectors include 
fmet tRNA; and EF-TuTs, both of which are intimately 
associated with translation, The emergent pattern of tran- 
scriptional control is thus one in which RNA polymerase 
itself has a central role in the determination of the quantity 
of the transcript. The purpose of this control is to ensure 
that the production of ribosomes and mRNA is balanced 
and geared to available energy and to the rate of protein 
synthesis. On this model the mutual interaction of poly- 
merase and specificity modulators thus constitute a mech- 
anism for the control of growth. 


RNA polymerase specificity 
The extent to which the direct control of RNA polymerase 
activity complements the operation of highly specific 
transcriptional controls by DNA-binding repressors and 
activators during normal bacterial growth has remained 
poorly understood. To establish a regulatory role for the 
transcribing enzyme in the selection of genetic information 
it is necessary to demonstrate both that the purified 
polymerase can be directly controlled in vitro and that 
mutations resulting an an alteration in polymerase structure 
significantly alter the pattern of transcriptional regulation 
in vivo. 

One possible mode of regulating RNA polymerase 
activity would be the control of promoter selection. The 





*Address: MRC Laboratory of Molecular Biology, Hil 
Cambridge CB2 2QH, UK. iology, Hills Road, 


maa et tI 





binding of RNA polymerase to a promoter site is the first 
step in the synthesis of an RNA molecule and a major 
determinant of the initiation frequency in. vitro. Following 


this initial binding there is a change in the conformational 


state of the DNA in the promoter region’. Once this 
transition has occurred the polymerase can initiate an RNA 
chain very rapidly’. The transition between the DNA 
conformational states is reversible and often occurs over a 
narrow temperature range, the midpoint of which. defines 
a transition temperature, z. With a given set of conditions 
in vitro each promoter will have a characteristic transition 
temperature for opening by RNA polymerase holoenzyme. 
The transition temperature is dependent on factors which 
directly affect the structure of the DNA or which alter 
the affinity of the enzyme for the promoter site. Thus a 
change in initiation specificity of RNA polymerase can be 
defined as a differential alteration in ¢ between promoters. 
Experimentally two criteria can be used to measure the 
relative affinity of RNA polymerase for different promoters. 
In this context the term affinity describes the strength of a- 
polymerase—promoter interaction which is necessary for the 
formation of stable complexes without any qualification as 
to the exact molecular requirements for this interaction, 
that is as to whether or not binding to the DNA double 
helix in the promoter region is sufficient. One criterion. 1s 
the measurement of the temperature dependence of 
polymerase—promoter complex formation, a decrease in the 
affinity of the enzyme for the promoter being reflected in 
an increase in r. A second criterion is the measurement of 
the response of a particular type of RNA synthesis to ionic 
strength. Increasing salt concentration reduces the binding 
of polymerase to the template concomitantly increasing f. 
Thus at a constant temperature a decreased affinity of RNA 
polymerase for a particular promoter may be reflected in 
an increased salt sensitivity of transcription of the cognate 
RNA. Neither of these criteria is ideal since the physical 
structure of RNA polymerase is also to some extent 
dependent on both ionic strength” and temperature® and it. 
cannot be excluded that these structural changes might im 
themselves alter the pattern of transcription. Nevertheless 
used together these criteria provide useful indicators of the 
relative affinities of polymerase for different promoters. 


ppGpp—an effector of 

RNA polymerase specificity 

In vivo any alteration in the initiation specificity of RNA 
polymerase might be expected to yield a wide ranging 
change in the pattern of RNA species synthesised. One such 
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change occurs on starvation of certain bacterial strains for 
a required amino acid. In this stringent response the 
accumulation of stable RNA species, both rRNA and tRNA, 
is severely restricted while, in contrast, the production of 
certain MRNA species, for example, p80 mRNA”, is 
relatively unaffected. The reduction in rRNA accumulation 
is primarily a consequence of the diminished initiation of 
rRNA chains. Another rapid response to amino acid 
starvation is the intracellular accumulation of the guanosine 
nucleotide, ppGpp, to millimolar levels within seconds of 
the onset of starvation”. Mutants unable to accumulate 
ppGpp in this manner fail to shut off rRNA synthesis and 
are said to show relaxed control. This correlation has fed 
to the proposal that this nucleotide is the mediator of the 
stringent response in vivo”. 

There is considerable evidence that in vitro ppGpp 


can preferentially inhibit the synthesis of rRNA 
relative to total transcription both in crude’ and 


in highly purified systems'*”". At issue is the manner in 
which nucleotide effects this inhibition; whether RNA 
polymerase itself is the target or whether additional tran- 
scription factors are required. Early studies showed that 
ppGpp inhibited total RNA synthesis by purified Escherichia 
coli RNA polymerase on a variety of DNA templates’*”’. 
The specificity of this inhibition can be determined by 
comparing the effect of ppGpp on the synthesis in vitro of 
rRNA with the synthesis of p80 RNA, an RNA species 
which is not stringently controlled in vivo, using as template 
the DNA of a transducing phage, p80 d; rrnB* ilv* su*7, 
containing both ¢80 and rRNA promoters. Such a compari- 
son shows that ppGpp increases ¢ for opening the rRNA 
promoter by 10-15 °C; without the nucleotide ¢ at 0.075 M 
KCI is 25-30 °C, in the presence of ppGpp z is 35-40 °C 
(ref. 17). In contrast ppGpp has little effect on z for opening 
p80 promoters (for example, Fig. 1). ppGpp acts by inhibit- 
ing the formation of polymerase-rRNA promoter complexes 
and is without significant effect on the subsequent extent of 
RNA synthesis once such complexes have formed. Thus 
ppGpp clearly alters the initiation specificity of RNA poly- 
merase holoenzyme in vitro in a direction which parallels the 
stringent response in vivo. 

How does ppGpp alter the pattern of initiation by RNA 
polymerase? The experimental evidence shows that the 
effector alters the properties of RNA polymerase itself. 
To demonstrate this the enzyme is first incubated with 
ppGpp in the absence of nucleoside triphosphates or tem- 
plates for a given time. Then the polymerase is assayed by 
addition to a reaction mixture containing these components 
but no additional ppGpp. When the enzyme is tested 
immediately after mixing with ppGpp an initial inhibition 
of all types of RNA synthesis is observed". Thereafter on 


2,000- 


(c.p.m. °H UMP) 


w 


1,000 


rRNA in hybrid 


Temperature (°C) 






Nature Vol. 263 October 21 1976 


further preincubation the specificity of transcription slowly 
changes so that the enzyme recovers almost entirely the 
ability to transcribe p80 and T2 DNA but its capacity to 
synthesise rRNA diminishes further, plateauing at ~20% 
of the control value. During this change no detectable 
degradation of ppGpp is observed. The half time of this 
switch in specificity is 30-50s. Functional removal of 
ppGpp by dilution reverses the change in specificity with 
approximately the same kinetics. Other guanosine nucleo- 
tides, for example ppG, do not produce this effect. Thus 
the specificity change induced by ppGpp is reversible and is 
specific for the nucleotide. Although the rate of change of 
transcription specificity is slow by compartson with other 
protein isomerisation constants, the immediate inhibition of 
polymerase activity on mixing enzyme and nucleotide 
suggests that this is not a consequence of a slow simple 
association of the two components. Rather the data are 
compatible with a fast association followed by a slow 
structural change in the enzyme. The nature of this change 
is discussed below. 


Molecular basis of 
RNA polymerase specificity 


The differential response of the synthesis of RNA species to 
ppGpp establishes that RNA polymerase by itself can 
discriminate between different types of promoter and that 
this discrimination can be regulated in vitro. The promoters 
themselves must thus differ in recognition parameters for 
the enzyme. 

How is this discrimination effected at the molecular level? 
The properties of RNA polymerase isolated from EF. coli 
infected with phage T4 provide a clue. After T4 infection 
a selective shut off of stable RNA synthesis occurs, a 
process which requires an unidentified T4 gene product”, 
In addition RNA polymerase is structurally altered. One 
change, termed modification’, involves the covalent addition 
of an adenosine diphosphoribose residue to each a subunit” 
while in addition three small phage-induced polypeptides 
are found associated with the core RNA polymerase”, 
When core polymerase from T4-infected cells is supple- 
mented with o factor from uninfected cells, a requirement 
for rRNA synthesis”, the reconstituted holoenzyme has a 
lower affinity for rRNA promoters than holoenzyme from 
uninfected cells’. Indeed the qualitative pattern of rRNA 
synthesis by “T4 holoenzyme” is very similar to that of 
normal holoenzyme in the presence of ppGpp. The trans- 
sition temperature for opening the rRNA promoter is high, 
~ 35-40 °C, and rRNA synthesis is very salt sensitive. 
Further the ability of polymerase to transcribe phage DNA 
templates is relatively unimpaired after T4 infection. The 
reduction in affinity of the enzyme for rRNA promoters is 


Fig. 1 Effect of temperature and 
0.2 mM ppGpp on p80 RNA and 
rRNA synthesised from pre- 
formed promoter-polymerase 
complexes on ọ80 d, DNA. Pro- 
moter polymerase complexes 
were formed by incubation of 
template and enzyme at the indi- 
cated temperature for 15° and 
were assayed by the simultaneous 
addition of heparin and the nuc- 
leoside triphosphates: 03, control; 
@. preincubation and assay in 
presence of 0.2mM ppGpn: W. 
0.2mM ppGpp added together 
with heparin and nucleoside tri- 
phosphates, Data are taken from 
ref. 17 where a full description of 
methods can be found. 
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also shown by polymerase prepared from cells infected with 
a T4 mutant unable to modify the a subunits” and is 
probably a function of a small phage coded polypeptide of 
molecular weight 15,000. 

Thus at least two types of rRNA synthesis can be 
distinguished by purified RNA polymerases. With E. coli 
holoenzyme alone ¢ for opening the rRNA promoter is 
25-30 °C; that for E. coli holoenzyme in the presence of 
ppGpp and for T4 holoenzyme is 10-15 °C higher. Thus 
RNA polymerase can exhibit either a low or a high affinity 
for the rRNA promoter when that promoter is on the DNA 
of a transducing phage. However, when E. coli DNA is a 
template in vitro in conditions of limiting polymerase, 
rRNA synthesis by E coli holoenzyme has the character- 
istics of rRNA synthesis by T4 holoenzyme™’”’. The tran- 
sition temperature is high and is not increased by ppGpp. 
This shows that E. coli holoenzyme can also exhibit a low 
affinity for rRNA promoters in the absence of ppGpp and 
suggests that the enzyme may exist as an isomeric mixture 
of two, or more, forms which differ in their affinity for 
cRNA promoters, and that the form for rRNA synthesis is 
‘used up’ on E. coli DNA. 

Theoretically RNA polymerase could exist either as a 
single form with a uniquely defined specificity or in a small 
number of conformational states, each of which would have 
a preferred affinity for a particular class of promoter sites. 
On the first model discrimination would depend solely on 
the relative affinity of the enzyme for particular promoters 
while on the second discrimination would also depend on 
the distribution of the enzyme between the different states. 

These formal possibilities can be distinguished experiment- 
ally by template competition experiments in vitro. First, a 
system is characterised in which RNA synthesis proceeds 
simultaneously from two types of promoter, for example, 
phage and ribosomal RNA promoters. This system is then 
perturbed by the addition of increasing quantities of another 
DNA template. This DNA will cause a redistribution of 
polymerase molecules by competing for the enzyme. If 
polymerase exists as a single form with invariant specificity, 
the relative competition of RNA synthesised from different 
promotors should be independent of the competing template 
and depend only on the relative affinity of the enzyme for 
the respective promoters In contrast, if the enzyme exists in 
multiple forms each with differing initiation specificity the 
character of the competition observed should depend- on 
the nature of the competing template. In a mixed template 
system containing ~80 d, rrnB* ilv* su*7 DNA and T2 DNA, 
addition of T7 DNA results in a reduction of T7 RNA 
synthesis and a stimulation of rRNA synthesis’. By con- 
trast, addition of E. coli DNA reduces the synthesis of both 
rRNA and T2 RNA but completes rRNA synthesis to a 
greater degree. At the same time the residual rRNA 
synthesised in the presence of E coli is no longer preferen- 
tially sensitive to ppGpp. Thus the character of the com- 
petition observed depends on the nature of the competing 
template, suggesting that RNA polymerase molecules do 
form a mixed population in which the enzyme can assume 
two, or more, recognition states. By contrast, in the presence 
of ppGpp the relative competition of T2 RNA and rRNA 
synthesis is virtually dependent of the nature of the com- 
peting template. These results also imply that E. coli DNA 
preferentially binds a form of the enzyme which has a high 
affinity for rRNA promoters and is selectively inhibited by 
ppGpp. Consequently rRNA synthesis from E. coli DNA 
by this form of the enzyme can only be detected after 
titration of the competing binding sites. 

These arguments support the hypothesis that RNA poły- 
merase holoenzyme exists in functionally distinct forms each 
of which preferentially initiates at a particular class of 
promoter sites (Fig. 2). Holoenzyme may exist in at least 
two forms, one with a high affinity for rRNA promoters, 
the second with a low affinity. In the presence of ppGpp and 
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after T4 infection the enzyme exhibits the activity of 
principally the low-affinity rRNA form, while retaining the 
ability to transcribe phage DNA efficiently. Thus the low- 
affinity rRNA form may have a relatively high affinity for 
phage promoters. 

What is the mechanism of the alteration of initiation 
specificity by ppGpp? The nucleotide could act either by 
directly inactivating one class of polymerase molecules, 
thereby reducing the total amount of enzyme available, or 
by converting the high-affinity rRNA form into the low- 
affinity rRNA form. The kinetics of the change in specificity 
induced by ppGpp are compatible with conversion. Further, 
low concentrations of ppGpp increase transcription of phage 
DNA templates in conditions of DNA excess suggesting 
that the nucleotide can increase the amount of enzyme able 
to transcribe phage DNA efficiently. This type of evidence 
suggests that the specificity isomers of RNA polymerase 
are interconvertible. 

The crucial question is whether the variations of initiation 
specificity observed in vitro are biologically relevant. In 
two instances where stable RNA synthesis is shut off 
in vitro, ppGpp accumulation and T4 infection, the affinity 
of RNA polymerase for rRNA promoters in vitro is 
reduced. In the latter case there is good evidence that this 
parallel reflects the situation in vivo. Recently mutants of 
T4 have been isolated which fail to shut off host RNA 
synthesis normally. RNA polymerase prepared from cells 
infected with these mutant phages lacks the 15,000 dalton 
T4-coded polypeptide (Gold, Kutter, Sirotnik and Snyder; 
Snustad, personal communications) which the in vitro 
studies had implied was necessary for the reduction of the 
affinity of polymerase for rRNA promoters. 

Other types of mutant RNA polymerase should also exist. 
One would be insensitive to ppGpp and phenotypically 
relaxed. A second type would have an altered distribution 
of different forms of the enzyme with a consequent modified 
response to ppGpp In vivo such a mutant would have an 
unbalanced pattern of gene expression. No mutants of the 
first class have yet been isolated but one of the second class 
has been characterised. 

This mutant, ts103*’, is unable to support the growth of 
lambdoid phages and has an altered pattern of protein 
synthesis. The isolated polymerase behaves as though the 
equilibrium between the high- and low-affinity rRNA forms 
is shifted ın favour of the high-affinity isomer. The mutation 
maps at a locus distinct from those defining known subunits 
of RNA polymerase (Baralle et al., manuscript in prepara- 
tion). 

An important consequence of promoter recognition by 


Fig. 2 Multiple form model for RNA polymerase specificity. 
This is the simplest model assuming only two forms. 
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multiple forms of RNA polymerase is the possibility that 
the relative affinity of different forms of the enzyme for a 
promoter can vary. Thus at one extreme a promoter may 
bind tightly only one polymerase isomer, while in contrast 
another promoter may interact equally well with two or 
more forms of the enzyme. In this way a virtually con- 
tinuous spectrum of recognition characteristics can be 
generated so that the promoter for any particular tran- 
scriptional unit is adapted to the control of polymerase 
specificity in a manner appropriate to the cell’s require- 
ments. Such a model predicts that the responses of the 
synthesis of particular RNA species to ppGpp will not fall 
into a small number of distinct classes but rather that the 
synthesis of each RNA species will have a characteristic 
individual response. The available evidence in vitro supports 
this view. Thus in a crude cell lysate the responses of the 
synthesis of four proteins, B-galactosidase, EF-Tu, B and g 
subunits of RNA polymerase and ribosomal protein L7/L12 
to ppGpp are quantitatively very different™. 

For simplicity I have so far considered RNA polymerase 
specificity formally in terms of two isomers. One indication 
that the regulation of promoter recognition by the enzyme 
may be more complex is the observation that in an in vitro 
system containing purified RNA polymerase the K, for the 
preferential inhibition of sus’ tRNA synthesis from 80 
psu:* DNA and of poly(G) synthesis from poly d(I-C) is 
SuM (refs 35 and 36). This contrasts with the value of 
150 uM for rRNA synthesis and suggests that RNA poly- 
merase may exist in at least three forms. Significantly, 
concentrations of ppGpp up to 104M which strongly 
inhibit su, tRNA synthesis substantially increase rRNA 
synthesis from ~80d; DNA (Fig. 3). 


Coupling of transcription and translation 


I have argued that ppGpp alters polymerase specificity by 
converting one form of the enzyme to another. The rapid 
synthesis of this effector by an idling reaction on the ribo- 
somes’ is triggered by the codon-dependent binding of 
uncharged tRNA to the acceptor site™™, The steady state 
concentration of the nucleotide is thus coupled to and 
requires a functioning ribosome. In addition, the rate of 
degradation of ppGpp is dependent on the energy input of 
the cell such that breakdown is facilitated when available 
energy is high”. In this way the level of ppGpp in the 
cell, and hence its effect on transcriptional specificity, is 
geared to both protein synthesis and energy metabolism. 
Evidence in vivo shows that ppGpp, although a major 
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effector of transcriptional specificity, may not be the sole 
controlling element. The close involvement of transcription 
with translation is suggested by the suppression of ribosomal 
protein mutants by mutation of the B subunit of RNA 
polymerase*’. Further, the antibiotics neomycin and 
spectinomycin, which inhibit polypeptide chain elongation, 
relieve the inhibitory effect of ppGpp on rRNA synthesis”, 
an effect which is also observed in mutant bacteria with a 
thermolabile protein synthesis elongation factor G (ref. 43). 

In vitro two components of the translation machinery 
have been shown to affect RNA polymerase specificity. One 
is fmet tRNA," whose specific binding to E. coli poly- 
merase holoenzyme is dependent on both formylation and 
the initiator tRNA moiety". This charged tRNA alters 
polymerase activity, in particular promoting transcription 
of Aplac DNA and reducing rDNA transcription. A second 
effector is the elongation factor TuTs which decreases the 
transition temperature for rRNA synthesis on E. coli DNA 
while simultaneously increasing the sensitivity of tran- 
scription to ppGpp™™*. With p80 d; DNA as template the 
factor sets rRNA synthesis as a level intermediate between 
the maximum level, observed at 5-10 uM ppGpp and the 
minimum level observed at 200 4M ppGpp (A.T., unpub- 
lished observations), and concomitantly increases su;* tRNA 
synthesis’. Thus the pattern of transcription observed in the 
presence of EF-TuTs ts that characteristic of the enzyme in 
a state which is maximally sensitive to ppGpp. 


RNA polymerase and growth 


The number of ribosomes a bacterium produces is in general 
approximately adjusted to the environment it grows in so 
that during exponential growth no more ribosomes are 
synthesised than can be engaged in protein synthesis. Thus 
the rate of protein production, and hence of growth, is 
balanced with the available resources. This correlation has 
led to the view that the level of ribosomes limits protein 
synthesis and thus control of ribosome production is a 
major facet of the control of growth. At moderate to high 
growth rates the synthesis of the major transcriptional 
products required for ribosome biosynthesis, r-protein 
MRNA and rRNA, is coordinately regulated but at low 
growth rates this relation no longer holds, rRNA being 
relatively overproduced“. However, the synthesis of both 
products is under stringent control, both in vivo” and 
in vitro“, suggesting that the mode of transcriptional 
regulation in the two cases, although not identical, is rather 
similar. 

I have argued that an important aspect of the control of 
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rRNA synthesis is the response of RNA polymerase to 
intracellular signals. The question remains how such 
signals are integrated. Any molecular model for a contro! 
scheme is at present necessarily conjectural but must con- 
sider the logic of the control, the nature of the effectors 
and the dynamic balance between’ them. 

One element in such a scheme is ppGpp acting as an 
effector of polymerase specificity in a manner similar to its 
in vitro function. Since the nucleotide probably alters the 
position of an equilibrium between specificity isomers the 
actual effect of ppGpp on transcription in vivo will depend 


- on the relative free concentrations of ppGpp and of any 


effector which shifts the equilibrium in the reverse direction. 
Thus the mere accumulation of ppGpp need not invariably 
result in a shut off of stable RNA synthesis. 

A second element is the alteration of the distribution 
between different specificity forms of RNA polymerase by 
the cycling factors of translation. Such effectors would 
signal the need for rRNA or for certain mRNA species 
or for even tRNA depending on which component of the 
translation machinery was momentarily limiting. For 
example free EF-TuTs might shift the polymerase towards 
tRNA production, assuming that the response of sus’ tRNA 
synthesis to effectors in vitro is representative of those 
tRNA species which are not cotranscribed with rRNA. Such 
a control constitutes a simple feedback loop since free 
EF-TuTs would be expected to accumulate when the supply 
of aminoacyl-tRNA was limited. Moreover the relatively 
high concentrations of EF-TuTs in the bacterial cell might 
be sufficient to override the low concentrations of ppGpp 
necessary to switch off sus’ tRNA synthesis by polymerase 
alone. Similarly fmet tRNA; ‘could shift the pattern ef 
transcription towards the synthesis of particular mRNA 
species. Again the logic is that of a simple feedback loop 
since fmet tRNA is consumed by the act of initiation of a 
polypeptide chain. The identity of the factor(s) maximising 
rRNA synthesis remains unknown”. It would seem logical, 
however, for rRNA production to be regulated by a factor 
involved in the initiation of protein synthesis, One candi 
date would be IF-2. The existence of several effectors 
regulating RNA synthesis implies that a mutation 
regulating in any one of the control elements would not 
eliminate entirely the synthesis of a particular RNA species 
but rather that such a change might only alter quantitatively 
the response to, for example, changes -in growth medium. 
The number of bacterial proteins that interact with RNA 
polymerase is large“ and thus the examples cited above 
possibly represent only a small fraction of the available 
control potential. 

The data I have discussed relate to the E coli holoenzyme 
in Which the core polymerase is complexed with the o sub- 
unit, a polypeptide of molecular weight ~90,000. In 
addition to o, however, o’, a polypeptide of molecular 
weight ~56,000 of apparently similar function, is sometimes 
found complexed with core enzyme in place of o“. In 
B. subtilis RNA polymerase is isolated exclusively in this 
form” while in E. coli o’ can be purified from ribosomes 
(R Buckland and A. Travers, unpublished). The relative 
roles of o and g” in yiyo are at present unknown and thus 


-the possibility that the regulation of template selection by 


the o’-containing enzyme differs from that of the o-con- 
taining enzyme remains open. 

The model outlined above envisages that the regulation 
of polymerase specificity is but one facet, albeit an important 
one, in the complex interplay of different modes of mole- 
cular control operating during normal bacterial growth. 
The transcribing enzyme complements the function of the 
highly speciflc DNA binding control elements for individual 
operons. In such a hierarchy, regulation of RNA poły- 
merase specificity would be essentially a coarse control 
while .fine control of particular transcripts would be pro- 
vided by operon specific regulators. 


Eukaryotic polymerases 


To what extent are the principles of control of transcrip- 
tional specificity in prokaryotes applicable to eukaryotes? 
The transcriptional machinery of eukaryotes differs in at 
least one major respect from that of prokaryotes. In place 
of the single eukaryotic polymerase the nucleus of higher 
eukaryotes contains three structurally distinct enzyme 
types’. One, polymerase A, is found in the nucleolus and 
synthesises rRNA. A second, polymerase B, is located in 
the nucleoplasm where it synthesises hnRNA while the 
third, polymerase C, synthesises 5S and tRNA. These 
enzymes are all heteromultimers whose subunit structures, 
although more complex, bear strong resemblances to those 
of the bacterial polymerase. If the prokaryotic and 
eukaryotic enzymes are indeed homologues it would seem 
unlikely that the property of specificity modulation acquired 
by the prokaryotic polymerase would be entirely lost during 
the emergence of the eukaryotic line. 

The separation of eukaryotic polymerases into three 
distinct structural types, each with apparently different 
functions, effectively releases the eukaryote from the pro- 
karyotic restriction of balancing the use of a single enzyme. 
Such balancing is clearly necessary when the cell requires 
the simultaneous synthesis of two major classes of RNA, 
whose respective promoters are recognised by different 
conformations of the prokaryotic polymerase. The un- 
coupling in eukaryotes implies that each polymerase type 
would possess a relatively restricted initiation specificity, a 
view supported by the correlation of the template discrim- 
ination in vitro of the different enzymes with their presumed 
functions in vivo. The possibility thus remains that within 
the restricted range of promoter recognition of each enzyme, 
modulations of specificity could still result in the selective 
synthesis of different classes of RNA. In particular, for 
example, one polymerase might discriminate between pro- 
moters for the initiation of different mRNA species. A 
precedent-for this exists in E. coli where the synthesis of 
certain MRNA species, for example those coding for ribo- 
somal proteins and factors, is subject to stringent control” 
whereas the synthesis of other mRNA species, for example 
e780 mRNA", is not. In eukaryotes such control might be 
particularly effective, for example, during the early stages 
of development. 

If the eukaryotic polymerases are controlled what might 
their effectors be? Although ppGpp has been detected at 
low levels in cultures of Dictyostelium” this nucleotide has 
no apparent effect on the activity of fungal polymerases”. 
Other guanosine polyphosphates have, however, been 
isolated from organisms as diverse as the fungus, Achyla™, 
and the crustacean Artemia". The compounds are 
dinucleotides with guanosine residues connected by 5-5 
polyphosphates. In addition, in some cases one of the 3’ 
positions is also phosphorylated with one or two phosphate 
residues. In Achyla the accumulation of these compounds is 
directly correlated with the rate of protein synthesis and 
thus they could'arise by a capping of ppGpp, or more prob- 
ably of its precursor pppGpp, in a manner analogous to the 
capping of mRNA”. Significantly these nucleotides strongly 
influence the activity of all three eukaryotic RNA poly- 
merases. The response of the activity of these enzymes to 
increasing concentration of these nucleotides” bears strong 
similarities to the effect of ppGpp on the prokaryotic 
enzyme. The diguanosine nucleotides are thus candidates 
for one of the effectors of the RNA polymerases of lower 
eukaryotes Nevertheless, here, as also in higher eukaryotes, 
the biological importance of the control of RNA poły- 
merase activity remains an open question. 

Many of the ideas discussed in this review were developed 
during a visit to the Institute of Microbiology, Copenhagen 
in 1976. I would particularly like to thank Professor O. 
Maaloe, Drs K. von Meyenburg, N . Fiil and C. Kari for 
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continuing stimulating discussions, Drs B. Honda, G. 
Mitchison, O. Pongs and J. D. Smith for reading the manu- 
script and Drs M. Cashel and L. Soll for generously pro- 
viding experimental materials. 
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A computer program has been written which will transcribe 
a live performance of a classical melody into the equivalent 
of standard musical notation. It is intended to embody, in 
computational form, a psychological theory of how Western 
musicians perceive the rhythmic and tonal relationships 
between the notes of such melodies. 
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A SEARCHING test of practical musicianship is the ‘aural test’ 
in which the subject is required to write down, in standard, 
musical notation, a melody which he has never heard before. 
His transcription is not to be construed as a detailed record of 
the actual performance, which will inevitably be more or less 
out of time and out of tune, but as an indication of the rhythmic 
and tonal relations between the individual notes. How the 
musical listener perceives these relationships is a matter of some 
interest to the cognitive psychologist. In this paper I outline a 
theory of the perception of classical Western melodies, and 
describe a computer program, based on the theory, which 
displays, as best it can, the rhythmic and tonal relationships 
between the notes of a melody as played by a human performer 
on an organ console. 

The basic premise of the theory is that in perceiving a melody 
the listener builds a conceptual structure representing the 
rhythmic groupings of the notes and the musical intervals 
between them. It is this structure which he commits to memory, 
and which subsequently enables him to recognise the tune, and 


to reproduce it in sound or in writing if he happens to be a 
skilled musician. A second premise is that much can be learned 
about the structural relationships in any ordinary piece of music 
from a study of its orthographic representation. Take, for 
example, the musical cliché notated in Fig. 1. 


Fig. 1 
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The way in which the notes are rhythmically grouped is evident 
from the disposition of the bar lines and the “beams” linking 
the notes of the first bar. The rhythm is, in this case, a binary 
tree each terminal of which is a note or a rest, but more generally, 
such a tree may have ternary as well as binary nodes. 

The tonal relations between the notes in Fig. 1 are also 
indicated by the symbolism, but more subtly. It is a common 
mistake to suppose that the position of a note on the five-line 
stave (and its prefix, if any) indicates merely the approximate 
pitch of the note—where it would be located on the keyboard. 
If that were true, an equally acceptable alternative to Figure |! 
would be Fig. 2, in which the Ab has been written as a G4, 
with the same location on the keyboard. But a music student 





Fig. 2 


who offered Fig. 2 as his transcription would lose marks for 
having misrepresented the tonal relation of the fourth note to 
its neighbours (though he could hardly be imagined not to have 
perceived it properly !). 

The problems posed by melodic perception are not dissimilar 
to those which arise in the perception of speech. The distinction 
between the Ab in Fig. | and the G# in Fig. 2 is analogous to 
the difference between the homophones “here™ and “hear” in 
English; though these words sound exactly alike they are 
interpreted and spelt quite differently according to the context 
in which they are heard. Another problem in speech perception, 
which has its counterpart in the perception of melody, relates to 
the timing of successive acoustic events. The way in which the 
syllables of a poem are perceptually grouped into “feet” is 
largely unaffected by variations in rate of delivery, and the 
same applies to the rhythmic grouping of the notes of a melody. 
Notes which, on paper, are of equal length, will in a live 
performance be sounded at quite unequal intervals of time, 
particularly in an “expressive” performance. A change of metre 
from duplets to triplets can, nevertheless, usually be distin- 
guished quite clearly from a mere quickening of tempo, in a 
reasonably competent performance. Previous programs for the 
automatic transcription of music have required the performer 
to maintain a fairly constant tempo!':?; but human listeners 
have no difficulty in discerning the rhythms of melodies played 
by performers who are free from this constraint. 

The third premise of the theory is that the perception of 
rhythm and the perception of tonal relationships can be viewed 
as independent processes. This strong claim (which is not to be 
misunderstood as referring to the process of musical composi- 
tion) may be weakly supported by two observations. First, that 
a given melodic sequence such as the ascending major scale 
will be heard as such by a Western musician regardless of the 
rhythm in which it is played. And conversely, that a “dotted” 
rhythm, for example, will be clearly recognisable for what it is, 
regardless of the musical intervals between the successive notes. 
To say this is not, of course, to deny that higher cognitive 
processes can and will operate on the “surface structure” 
generated by rhythmic and tonal perception, to reveal musically 
significant relations between the rhythm and the tonality. 
But one may reasonably suppose that such processes of musical 
appreciation can only begin when some structure has been 
created on which they can get to work. 


Rhythm 


One might imagine that to discern the rhythm of a melody 
the listener must be able to perceive differences in loudness 
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between successive notes. This may be true on occasion but 
fails as a generalisation for two reasons. First of all, performers 
do not as arule thump out every note which occurs on a beat or 
at the beginning of a bar; to do so would be as tiresome as to 
accent, in reading a poem, every syllable that occurred at the 
beginning of a foot. But more decisively, there are instruments 
such as the organ and harpsichord on which it is physically 
impossible for the performer to vary the acoustic intensity of 
each individual note; all he can control is the time of onset of 
the note and its temporal duration. It is nevertheless quite 
possible for a listener to perceive correctly the rhythm of a 
melody played on such an instrument; we conclude that 
temporal information alone is enough for the purpose, except in 
special circumstances. 

The basic assumption underlying the rhythmic component of 
the program is that the first necessity in perceiving the rhythmic 
structure of a melody is to identify the time of occurrence of 
each “beat”. Music in which the beat is irregular falls outside 
the scope of the theory, which therefore has nothing to say 
about the rhythmic perception of recitative or of music in which, 
for example, the beats alternate in length. The grouping of the 
beats into higher metrical units such as “bars” raises issues 
which have been discussed elsewhere*“; the principal concern 
of the present study is with the manner in which-each beat 
should be subdivided, and with the problem of keeping track 
of the beat through unforeseen changes in tempo. 

In Western music by far the commonest subdivisions of the 
beat are into 2 and into 3 shorter metrical units; these in turn 
can be further subdivided into 2 or 3. Whether a beat, or a 
fraction of a beat, is perceived to be divided, depends, according 
to the theory, on whether or not it is interrupted by the onset of 
a note. What counts as an “interruption” is a matter of some 
delicacy, to which I shall return in a moment. 

After such a process of division, and subdivision, every note 
will find itself at the beginning of an uninterrupted metrical 
unit. It is the relations between these metrical units which 
constitute the rhythm of the tune; the metrical units can be 
thought of as the nodes of a “tree” in which each non-terminal 
node has either two or three descendants. Every terminal node 
in the tree will eventually be attached either to a rest or to a 
note (which may be sounded or tied) in the manner of Pig. 1. 
The program does not actually draw such trees, nor print out a 
musical stave; it represents the rhythm in a nested bracketed 
notation. It also indicates the phrasing; if the offset of a note 
occurs earlier than half-way through its allotted time, or else 
appreciably before the end of that time, the note is marked 
“ste” standing for “staccato”, or “ten” for “tenuto”. 

We now return to the question: what counts as an interrup~ 
tion? By what criterion could a listener judge whether the onset 
of a note occurs “during” the current metrical unit rather than 
“at” its beginning or its end? Plainly there must be some upper 
limit to the temporal discrepancies he can disregard, just as 
there is a lower limit to those he can detect. The former limit-—- 


the listener’s “tolerance’-—must obviously exceed the latter. _ 


It must be small enough to permit the structuring of rapid 
rhythmic figures, but large enough to allow a reasonable degree 
of flexibility to the tempo. In the program the tolerance can be 
preset to any desired value. Experiments with the program 
indicate that for reasonably careful performances a tolerance 
of about 10 cs meets both criteria, but that for more “expressive” 
performances, of relatively sedate melodies, a greater tolerance 
is needed if an obvious rubato is not to be misconstrued as a 
variation in rhythm. 

In order to perceive the rhythm clearly a listener must, it ts 
assumed, take account of the precise onset time of every note 
within any metrical unit in predicting when the unit could end. 
The rule eventually adopted for making such predictions was 
as follows: if, in the course of a binary metrical unit, a note 
which terminates the first subunit begins a little less than half 
way through, then the expected further duration of the unit is- 


reduced in magnitude, to the mean of its original value and the. od 
value implied by the time of onset of the note in question. ~~ 
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Fig. 3 


Corresponding remarks apply, of course, in cases where the note 
is slightly late or the current metrical hypothesis assigns a 
ternary rather than a binary structure to the metrical unit in 
question. In fact the program also allows for the termination of 
a metrical unit, not by the actual onset of a note, but by the 
anticipated end of a lower metrical unit which is itself 
interrupted by the onset of one or more notes. Such procedures 
are, unfortunately, much more difficult to specify precisely in 
English than in a suitably designed programming language; but 
this fact only underlines the value of casting perceptual theories 
in computational form. 

Finally, it is necessary to commit oneself, in writing such a 
program, to a view as to what counts as good perceptual 
evidence for a change in metre. It is here assumed that the 
listener initially expects a pure binary metre, but is prepared to 
change his mind at any level in the metrical hierarchy. The 
evidence for a change in metre may be of two kinds: that the 
current metre implies a syncopation”, in which the beginning of 
the next beat, or higher metrical unit, is not accompanied by 
the onset of a note; or that it implies a “distortion” in which an 
excessively large change of tempo is required to accommodate 
the current metrical hypothesis. Each of these outcomes 
represents a flouting of the listener’s expectations and either 
may, according to the theory, lead him to change his opinion 
about the metre if the other possible division of the current 
metrical unit (ternary instead of binary, or vice versa) does not 
imply a distortion or a syncopation. Lastly, it is assumed that 
once having changed his mind the listener does not change it 
back again until he encounters positive evidence for doing so. 


Tonality 


In committing a melody to memory the listener must not only 
create a rhythmic structure of the kind depicted in Fig. 1; he 
must also identify the tonality of each note which is to be 
attached to it. This tonal information should ideally suffice, not 
only for the transcription of the melody into standard notation, 
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but also for the purpose of evaluating the intonation of a 
performance on, say, the violin, which permits fine distinctions 
of pitch which cannot be made explicit on a keyboard instrument 
(see Fig. 3.) 

To appreciate what is involved in this task it is necessary to 
formalise the classical theory of tonality, as developed by 
Rameau’, Bosanquet®, Helmholtz? and other writers. In the 
formal theory“ every musical note is assigned coordinates 
(x, y, z) in a “tonal space” of three dimensions, corresponding 
to the perfect fifth, the major third and the octave, respectively. 
(The ideal frequency ratios of these intervals are 3/2, 5/4 and 2/1 
respectively—involving the first three prime numbers—so that 
they are strictly incommensurable when not distorted by equal 
temperament.) Thus in Fig. 4, if the origin is taken as 
“middle C”, the tonal coordinates of the various notes are as 
shown in the first three rows of the table. The following points 
may be noted: (1) It is the relative values of the coordinates 
(x, y, z), not their absolute values, which characterise the 
melodic sequence. Thus, increasing all the z values by 1 would 
merely put the melody up one octave. (2) The numerical values 
of the coordinates (x, y, z) are all small; this is evidently the 
result of having chosen middle C as origin. (3) The “position” p 
of each note on the keyboard, that is, its distance above 
middle C in keyboard semitones, is given by 


p = Tx +- 4p + 12z 


so that there are arbitrarily many different notes (x, y, z) with 
the same value of p. (4) The conventional name of any note is 
determined not by its keyboard position p but by its “sharpness” 
q, defined as 


g = K S: e 4y 


The name N of the note is such that there are g sharps, or —g 
flats, in the key signature of N major. Thus an “A” is a note 
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Fig. 5 


The task of naming the notes of a melody played on the 
keyboard, or of notating them correctly on the five-line stave, 
therefore involves the apparently insoluble problem of deter- 
mining the three coordinates (x, », z) of each note from its 


taining chromatic scales, because each keyboard semitone in 
such a scale would be assigned the same value of 5g, and this 
would lead to absurd tonal interpretations such as that shown 
in Fig. 5. . 

An alternative, and musically much more plausible, hypo- 
thesis is that the listener identifies the sharpness of each note by 
placing it within a diatonic interval of the very first note (or 
perhaps an interval of degree 6 if the span indicates that the 
interval is diabolic). Such a rule would account equally well for 
the q values of the notes in Fig. 4. It would, furthermore, 
account very nicely for the sharpness of the notes in the theme 
of Bach’s Musical Offering (Fig. 6) 





Fig. 6 


keyboard position p, so as to be able to determine its sharpness 
q. The problem is analogous to the visual problem of adding an 
extra dimension to the 2-dimensional image of a three- 
dimensional scene, except that a keyboard performance of a 
melody supplies the listener with only one directly audible 
dimension, to which he must add two more to identify each 
note uniquely. 

There is in fact a short cut to the solution of this problem, 
arising from the mathematical fact that a given choice of p 
severely restricts the range of possible values of g. A little 
simple arithmetic shows that g must differ from 7p by a 
multiple of 12. If, therefore, we can find independent grounds 
for limiting g to one of a fairly small set of values, we can 
determine it uniquely from the remainder upon division of p 
by 12. A survey of the published scores of classical melodies 
reveals? that the value of g (which can be directly determined 
from the notation) never changes from one note to the next by 
more than I! units of sharpness. As a consequence, if dp is the 
“span” of any interval. between two successive notes, then the 
“degree” 5g of that interval is restricted to the following 
alternative values when dp lies in the range — II to +12 
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By far the commonest intervals occurring in classical and 
traditional melodies are “diatonic” intervals, with | q| < 6. 
“Chromatic” intervals, with [6g] > 6, and “diabolic” 
intervals, with | ôq | = < 6, are relatively rare. If they were 
nonexistent, the degree Šg of each interval would be uniquely 
determined by its span 6p, and one could infer the sharpness of 
each note in any melody from its position relative to its 
immediate predecessor. Such a “Markovian” theory of tonal 
perception would, as it happens, correctly predict the q values 
in Fig. 4. It would, however, fail dismally for melodies con- 
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In this melody there are in fact four chromatic intervals-——a 
diminished seventh between the 4th and Sth notes, of degree 


eak sii not, for obvious reasons, be caprectly identified 
by the “Markovian” procedure. 

It will not do, however, to assume that the first note is 
invariably the “keynote” to which every other note should. be 
referred in order to determine its sharpness. First. because 
melodies very often begin on notes other than the keynote, or 
“tonic”, and second because the tonic may very well seem to 
change in the course of a melody, when we speak of a 
“modulation” having occurred. 

A good example of an indisputable modulation is to be found 
in the subject of the B minor fugue in the first book of Bach's 
Wohltemperierte Klavier (see Fig. 7). 
clearly establish the tonic as B (qg = 5), and all the other notes 
in bars | and 2 are related to it by non-chromatic intervals 
(| q| < 7). But the first note of bar 3, though in the same 
keyboard position as the C in bar 2, is notated differently, 
To have written it as a C would have produced the sequence 
C# C C#, calling for two chromatic semitones in succession. 
But in unaccompanied classical melodies such an event never- 
seems to occur, for the very good reason that if X Y Z are three 
successive notes of a melody which, on paper, are separated by 


chromatic intervals X Y and Y Z, then there is always an - 


alternative, simpler, interpretation of the middle note Y which 
transforms both intervals into diatonic ones. 


established until the following note is heard. In Fig. 7 t 


offending note has become transformed into a BS, making beth : 
the neighbouring intervals into diatonic semitones, of degree ae 
and —5 rather than —7 and 7 respectively. But a B# is too far. ~ 


from the old tonic B to belong to its key, so that a modulation 
is perceived to occur to a new key, that of F#, such that the 
value of ôq for the new note B is only 6, which is just close 
enough for comfort. | 

There seem to be other. genera res S 
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The first three notes 


Generally _ 
speaking, then, the tonal identity of a note cannot be finally _ 
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most important of these relates to four-note sequences W X YZ 
in which the middle interval is chromatic. In such a sequence 
not only must both W X and Y Z be non-chromatic, but at 
least one of the intervals W Y and X Z must be diatonic. If the 
interpretations of W, X, Y and Z based on the current key 
violate this rule, then the tonality of the note Y is reinterpreted 
in such a way as to make X Y a diatonic interval, and to force 
a modulation into a key to which Y belongs. As implied by 
what has been said, a note is regarded as belonging to a given 
key if its sharpness relative to the tonic lies in the range — 5 to 
+6 inclusive. 

Another rule which seems to be necessary in order to account 
for the notation of chromatic scales, particularly in music of the 
period following Bach, concerns the tonal interpretation of 
ascending semitones. If such a semitone ends on the note of a 
key whose sharpness relative to the tonic is 2, 3, 4 or 5, then its 
first note is to be assigned a relative sharpness of 7, 8, 9 or 10. 
Though this reassignment places the note outside the key, it 
does not by itself precipitate a modulation; if it did, then an 
ascending chromatic scale of any length would trigger a whole 
sequence of modulations into progressively sharper and 
sharper keys. 

Two further rules are necessary, and sufficient, for deter- 
mining the relative sharpnesses of the notes in most classical 
melodies. The first is a rule to the effect that for the purposes 
of establishing tonality one may conflate repeated notes, or 
notes separated by an octave (the second and third notes in 
Fig. 4 provide an example). The other rule, which is theoretically 
less satisfactory, is that the tonic may be determined from the 
first two notes, and that it will be either the first note itself or 
the note a fifth below it. This rule, and the absence of any more 
delicate tests of modulation than those already described, are 
undoubtedly the weakest links in the tonal section of the 
program. 

Before I describe the program in detail, a few words of 
caution may be in order. First, the tonal rules outlined above 
must not be expected to apply to accompanied melodies, 
where the accompaniment supplies tonal information which 
may not be implicit in the melody itself. Nor must it be supposed 
that the rules necessarily hold for covertly polyphonic melodies 
in which, for example, alternate notes really belong to two 
different melodies. Further, the contextual constraints on 
chromatic intervals will often be violated at phrase boundaries, 
marked by rhythmically prominent rests, though this is not 
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Fig. 8 
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always the case. And finally, one must allow for the possibility 
that in a musical score a radical change of notation (such as 
occurs between the first and second sections of Chopin's 
Raindrop Prelude) does not signify a real change in tonality, but 
merely an “enharmonic change” designed to simplify the 
reader's task. Only if such qualifications are borne in mind can 
the program safely be used to indicate how a melody performed 
on the keyboard should be transcribed into conventional 
notation. 


The program 

The program accepts as input a list of sublists, each of which 
comprises three numbers. The first number is the keyboard 
position of the corresponding note and lies in the range 0 to 48, 
there being four octaves on the organ console. The second 
number is the time in centiseconds at which the note was 
depressed, and the third number indicates the time at which the 
note was released. The order of the notes on the list is the order 
of their times of onset. The list itself is generated from a live 
performance of a melody on an electronic organ connected, 
through an analogue-to-digital converter, to a high speed paper 
tape punch. The information on the paper tape is equivalent to 
the information which would be recorded on a player piano 
roll. and no more. The preprocessing of the paper tape is an 
entirely automatic matter, which simply involves constructing 
the above-mentioned list from the paper tape record and 
transferring it to disk storage. 

The performer is required, by the present version of the 
program, to establish the initial tempo and the number of beats 
in a bar by prefacing his performance of the melody by a bar’s 
worth of beats on some low note, which may conveniently be 
positioned an octave below the first note of the melody, so as 
not to prejudice the tonality. 

The program itself is written in POP2, the high level pro- 
gramming language designed and developed in Edinburgh by 
Burstall and Popplestone’. It is relatively short. and is structured 
as follows. First, the list of sublists is converted into a list of 
records, each of which has a “slot” indicating the pitch, onset 
time and offset time of a particular note, and further slots 
which are to hold the span dp and the degree dg of the interval 
between the note and its predecessor. The keynote is then fixed 
by the positions of the first two notes, and the relative sharp- 
nesses of all the notes are determined from their keyboard 
positions by an algorithm based on the theory of tonality 
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outlined in the previous section. The next stage is a rhythmic * : 


analysis (which could have been carried out first, as it is — 
indifferent to the results of the tonal routines). Each beat is 
examined i in turn, by a combination of “top down” and “bottom 
up” analysis in which the time of onset of each note is used 
both for establishing the structure of the rhythmic hierarchy 
and for correcting the estimated tempo. In the course of this 
analysis the time of offset of each note is used for determining 
how the note was phrased. 

The final stage in the operation of the program corresponds 
to the exercise of musical literacy; it consists of displaying, on 
paper, the essential features of the structure created by the 
rhythmic and tonal analyses as a sequence of nested lists of 
symbols. The innermost symbols name the individual notes as, 
for example, ‘D’ (D natural), ‘DS’ (D sharp), or ‘DB’ (D flat): 
the word REST is self-explanatory. Each name is. preceded by 
either the word TIED if the note is tied to its predecessor or a 
number indicating the span (not the degree. 











, which is implicit 
in the name of the note) of the interval from the preceding 
note; this is needed for identifying the octave in which the note 
occurs. Finally, a note which is not tied may be followed by the 
abbreviation STC or TEN indicating that the note was played 
staccato or tenuto, the absence of either. abbreviation implies 
that the note was played legato. 

Figures .8, 9 and 10 provide exatnples of the program 's 
performance. Each figure indicates (a) the “raw” input, in 
which each set of three numbers gives the keyboard position of 
a note and its times of onset and offset in centiseconds, (b) the 
output generated by the program from the input (a), and (c) . 
the result of transcribing the output ($) by hand into ordinary 
stave notation. 

The performance of the tune shown in Fig. 8 was prefaced 
by a single low C, and the time between the onset of this note 
and the next was arbitrarily taken as a “minim” in adopting the 
note values indicated in (c); it will be noted that in (b) the 
outermost brackets enclose a minim’s worth of notes. The 
interpretation (b) was obtained from the input (@) with a 
tolerance of 10 cs; with a tolerance of 15 cs the program would 
assign the two semiquavers to the same node. Tt is worth 
noting that the actual times of onset of the first four quaver 


C£ECTIED AB] €-6 D1] ([ 5 G] €-7 CII 5 Fl CLTIED F] £ 2 GJJ] 


[-2 Fl{-2 EB TEN) 


[{(-1 DI] f=2.C STC] [-2 BB]] [ 7 FII{{(TIED F] [-3 D TENJ] 


CEL-4 BB STC) [-1 A STC] [-1 ABJ) ( 7 EBIIC{TIED EB] [-3 C TENJ] 


({t-4 AB STC]. £-1 G STC] C-1 


Iro Fei fat Dies or St 


(TIED DBI{TIED DB] 


[ 


at Ci 


FS)}) [ 8 DJIH[TIED D] [ 3 F ~2 EB)] 














652 
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units differed in the performance by 37, 27 and 35 cs respectively, 
the separation between the last two notes being 39 cs. The 
considerable discrepancy between these numbers clearly 
illustrates the acute difficulty which would confront any attempt 
to determine the rhythm without taking account of its hierarchi- 
cal structure. 

Figure 9 shows how the program handled a performance of 
part of the long cor anglais solo from the prelude to Act IH of 
Wagner’s Tristan und Isolde. This example is interesting in two 
particular respects. First, it involves the perception of a change 
from a binary to a ternary metre in the fifth bar; and secondly, 
the published score indicates a grace note at the end of the 
seventh bar, to which it would be inappropriate to assign a 
separate place in the rhythmic structure. The program’s output 
agrees fully with the score in its rhythmic and tonal indications; 
there are slight discrepancies in the marks of phrasing— 
Wagner marked all the triplet quavers as staccato—but for 
this the performer is clearly to blame, not the program. 

Finally, Fig. 10 illustrates the program’s handling of a later 
section of the same melody (prefaced, this time, by only one 
“cue” note, which is why each line of the output contains only 
one, not two, minim units). Again the rhythm is correctly 
represented, though there are minor discrepancies in phrasing. 
As for the tonality, the main point to note is the perceptual 
problem presented by the rapid succession of modulations be- 
ginning in the second bar. There is, nevertheless, only one note 
to which the program assigns a tonality at variance with that 
indicated by Wagner: he wrote the second C# in the second 
bar as a Db. 


Conclusions 


The domain of competence of the program is, of course, very 
restricted: it cannot be expected to reveal significant tonal or 
rhythmic relations between the notes of “atonal” or ‘“‘arhyth- 
mic? melodies, for example. But the perceptual theory on 
which it is based does seem worthy of serious consideration, in 
that up to the present time no detailed suggestions seem to have 
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been offered as to how a listener builds an internal represen- 
tation of a melody from a live performance. The most sig- 
nificant rhythmic hypothesis in the theory is that the rhythm 
of a melody is conceptualised as a structural hierarchy, and 
that the onset of each note provides important predictive 
information about the time of onset of the following note at 
every level in the hierarchy. The hypotheses underlying the 
tonal section of the program are presumably limited in appli- 
cation to the kind of music that has been developed in the 
West; but for such music one conclusion at least seems secure, 
namely that the tonality of any note cannot in general be 
established unambiguously until the following note has been 
heard. It is perhaps surprising that such a limited amount of 
context should usually suffice for the purpose, but it should be 
remembered that it is really the key of the melody which creates 
the tonal context in the first place. 

It seems altogether possible that the principles of operation 
of the program’s rhythmic component will apply to other 
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temporal processes such as the perception of speech. 

A full account of the program and of the underlying theory 
is to be published elsewhere. 
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New evidence on the origin of rotation 
measures in extragalactic radio sources 
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The causes of the Faraday rotation in extragalactic radio 
sources have been reinvestigated in the light of new polari- 
sation data which extend to large redshifts. Our results 
show convincingly that at nearly all galactic latitudes, the 
large rotation measures are generated outside of the Milky 
Way. Furthermore, any contribution from the intergalactic 
medium must be small when compared with the Faraday 
rotation generated at or in the extragalactic sources them- 
selves. Having rotation measures for 108 QSOs of which 48 
have redshift (z) greater than unity, we have been able to 
place the lowest and most reliable upper limits on any 
contribution from an intergalactic magneto-ionic medium 
at early cosmological epochs. The data show promise that 
it should soon be possible to ascertain whether or not the 
density of intergalactic ionised gas follows the cosmological 
scale factor. 





THE Faraday rotation of radio waves from extragalactic sources 
has three possible origins: (1) a ‘local’ contribution in the 
Milky Way; (2) a possible contribution from intervening 
intergalactic material and (3) a contribution from the sources 
themselves. (We shall ignore ionospheric Faraday rotation, 
which is very small and can easily be removed.) The fact that 


there is a galactic contribution is well established, since the - 


rotation measures (RM) show systematic variations when 
plotted on galactic co-ordinates!+. Less clear, however, is 
whether the effects (2) and (3) are discernable, and there are 
conflicting claims in the literature®-* as to whether any inter- 
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galactic component can be seen. The source component (3) 
has hitherto been thought to be small!-?. 

In an effort to improve the situation we have measured linear 
polarisations at one or more wavelengths for a large number of 
QSOs and radio galaxies (refs 9, 10 and P. P. Kronberg, un- 
published). After combining these data with other recent 
measurements!!!" and other previously published polarisation 
data, we have computed rotation measures for 450 extra- 
galactic sources. These include 108 QSOs of known redshift, of 
which 48 have a redshift x > 1—many more than the number 
previously in this category. Using the new larger data sample, 
we re-examine the RM with a particular view to reassessing 
the relative contributions of factors (1), (2) and (3). Of particular 
interest is whether any effect of an intergalactic medium (2) can 
be seen, since the detection of intergalactic gas by its effect on 
Faraday rotation of QSOs would have important cosmological 
significance. 


Comparison of the galactic 
and extragalactic contributions 


Figure 1 shows histograms of the observed RMs for all sources 
(radio galaxies, QSOs and unidentified) separately for (a) 
|b| > 30°, where the galactic contribution should be small, 
and for (b) |b| < 30°. Figure 1(a) shows that there is a clear 
separation into two populations; a narrow peak centred on 
RM ~ Oradm™ and not resolved by the bin width of 
50 rad m~*, and a second, broad distribution extending more 
or less symmetrically to approximately +1,000 rad m~*, For 
sources having |b| < 30°, the broad and symmetric group is 
still present, in fact the fraction of sources showing |RM| 
> 200 rad m~? is virtually the same in (a) and (6}—34% and 
35% respectively. There is a striking difference, however, 
between the distributions near RM = 0. What is a narrow 
peak of half-width ~45 rad m~? in Fig. la (see inset) appears 
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as distinctly broader distribution, with half-width ~ 120 rad m~? 
for the low-latitude sources. Again comparing distributions (a) 
and (b) in Fig. 1 it is evident that sources with very low rotation 
measures |RM|< 20 rad m~? occur nearly exclusively at the 
higher galactic latitudes (|b| = 30°), whereas those with very 
large rotation measures occur with equal probability everywhere 
in the sky. The comparison between Fig. l(a) and (b) is 
revealing, and enables us to draw some new and interesting 
conclusions. These are: firstly, the very large (> 200 rad m~?) 
values of RM are, on average, not caused by the Galaxy, since 
the fraction of sources with | RMI > 200 is independent of 
path length through the Galaxy. A two-dimensional galactic 
co-ordinate plot of the rotation measures (not shown) confirms 
that there is no large-scale order in Fig. 1b for the high RM 
sources, and that the large source-to-source variations of RM 
are just as large at high as at low galactic latitudes, and second, 
there is a small subset (~ 25° of the sources in our sample of 
450) which have a very low intrinsic RAJ (< 10 rad m~?). These 
form the narrow peak in Fig. Ia) which, presumably, would be 
still narrower if we were to remove accurately the galactic 
component of RM at high latitudes. 

The first conclusion is new, and contradicts the widespread 
belief based on earlier datat? that most of the Faraday rotation 
was galactic. Our data show that the galactic component of RM 
must seldom be > 60radm~* for jb] > 10°. Because of 
various selection effects, there are very few RM at |b] < 5° 
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‘d Fig. 1 Histograms showing the 
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where the galactic rotation measure may be systematically 
= 200 rad m~*. Thus, our first conclusion may not apply to 
sources which lie very close to the galactic plane, but this 
question does not affect the discussion of the extragalactic 
contribution. We shall cite further evidence below which 
suggests that the bulk of the large RM is generated in or near 
the sources themselves. 

Having established that the Galactic rotation measure is 
< 200 rad m~, except perhaps at very low latitudes, we 
attempted to estimate the extragalactic rotation measure of all 
sources with known redshift-—f08 QSOs and 90 radio galaxies. 
To do this we define the galactic rotation measure (GRM) to be 
the average RM within a 20° diameter circle centred on the 
QSO, for all other sources having | RMI < 150 rad m~". By 
eliminating sources with | RA¢| > 150radm~* we tend to 
eliminate sources whose RM is largely extragalactic. It is the 
residual rotation measure (RRM = RM--GRM) derived in 
this way which we analyse further below. 


The distribution of RRM 

for QSOs and radio galaxies 

Figure 2 shows the distributions of RRM for 118 sources having 
z 2 0.2 for five redshift intervals. Note that the 48 sources 
having z > 1 are nearly equally divided among the three 
largest redshift intervals. If the RRM calculated for each source 
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were a true measure of the extragalactic component of its 
rotation measure, and if there were no intervening intergalactic 
material which contributes to the RM, we would attribute the 
observed variances solely to differences in internal Faraday 
rotations in the source themselves. If the internal Faraday 
rotation within the sources is independent of redshift (and 
assuming the emission line redshift also to be that of the radio 
emission) the variance should then decrease as (1-++z) “+. Figure 2 
shows that this is clearly not the case: within the errors, the 
variance of RRM is largely independent of redshift for the 118 
sources (101 QSOs) having z > 0.2. We also computed the 
RRM of a control sample of 90 radio galaxies with known 
redshift by the same method and plotted the variance over 
their (much smaller) range of z. There is likewise no systematic 
variation over the range x S 0.4, and the variances are also in 
the range (4-7)x10trad?m~* which is indistinguishably 
different from that for the QSOs. 

We repeated the variance calculations for the same bm 
intervals and populations as in Fig. 2, but this time using 
different randomly-mixed redshifts for the sources. The variance 
is in the range (5—6) x 104 rad? m, and shows a slight tendency 
to increase at low z where there are more sources in the bin—an 
effect of a few anomalously large rotation measures which are 
more likely to fall in the low redshift bins since these have the 
largest populations. As a further test we recalculated the 
variances using ‘observed’ (RM) rather than the residual (RRM) 
rotation measures, and the average variance is only marginally 
greater, which is consistent with our expectation based on the 
results of Fig. 1. 

We can conclude from this that the rotation measures have 
a variance V ~ 5x10trad'm— even after attempting to 
remove the galactic contribution. This noise effect is not sub- 
stantially reduced if we eliminate all sources close to the galactic 
plane (|5"*| < 30°), where the galactic contribution is larger. 
The fact that the scatter is of the same order of magnitude for 
the (low redshift) sample of radio galaxy RRM as for the 
QSOs suggests that the large source to source variations are 
not a sensitive function of intergalactic path length. The over- 
whelming contribution to large RM must therefore come largely 
from the sources themselves. This fact was previously surmised 
by Reinhardt”, and it is also consistent with the observed 
depolarisation rates in many extragalactic sources, which often 
imply a differential Faraday rotation within the sources of 
several hundreds of rad m~", 

It is now appropriate to consider whether some other source 
parameter correlates with RM (or RRM), which might enable 
a better statistical isolation of the intergalactic contribution. If 
so, we could improve the sensitivity of our test for variations 
of V(z) in Fig. 2, which are overwhelmed by the scatter from 
RM generated at or in the sources themselves. For most of the 
QSOs we also have measurements of 1,,;, the wavelength at 
which the linear polarisation falls to half tts maximum value, 
This depolarisation is most likely caused by differential Faraday 
rotation within the sources themselves, and if we further assume 
the sources to have a uniform mixture of thermal and relativistic 
electrons the rotation measure which is intrinsic to the source, 
(IRM), can be related to Aisa by 


IRM = khi’ rad m~’? (1) 


where the factor k is ~ 1(A,,4 in (m)) for most simple geometrical 
shapes which have an aligned internal magnetic fleld?*. 
Obviously we do not expect the sources to behave as simple 
uniform mixtures of relativistic and thermal electrons in a 
perfectly homogeneous magnetic field, as k = 1 in equation (1) 
implies, but it is interesting to see if some statistical correlation 
exists. A plot of RRM against 4,,,~* (Fig. 3) shows that 
there is in fact little correlation between depolarisation rate 
and rotation measure. 

Figure 4 shows the distributions of the calculated values of 
IRM for the same redshift intervals as in Fig. 2 for the QSO 
sample. There is a possible tendency for the widths of the 
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Fig. 3 A plot of RRM against àia". 0 =z < 1.0; x =z > 1.0. 


RRM distributions in Fig. 2 to reflect those of ~;~? in Fig. 4, 
but there is still too little data for us to conclude that there is a 
statistical dependence of V on A,,;,~%, particularly in view of 
the poor correlation in Fig. 3. If we were to conclude that the 
variances (V(z)) merely reflected the IRM of the sources we 
could nonetheless still establish an upper limit to the contribu- 
tion of an intergalactic medium to the dispersion in RRM, 
since any variation of V(r) from an intergalactic magneto-ionic 
medium would be superimposed on the effect of the varying 
scatter in the IRM. We also tested for the effect of varying 
populations of radio spectral index, a(Sva*), with redshift. 
After splitting the QSOs according to & $ —0.5, we found no 
significant difference in the variances for each population, and 
conclude that the scatter in RRM in the present sample is 
quite insensitive to variations in radio spectral index. 

These investigations show that in the absence of more and 
better data, a fairly large scatter in the RM values of QSOs 
with large z cannot be removed, and any contribution by 
Faraday-rotating intergalactic clouds would have to be 
= 100 rad m~! in the observer’s frame to have a detectable 
effect on the formal variances. If, however, a substantial 
subgroup of sources with RRM ~ 0 in fact persists out to the 
largest redshifts (analagous to the sharp peak near RM = 0 
in Fig. 1) this would provide powerful evidence for the absence 
of any intergalactic gas There is some suggestion that a narrow 
peak near RRM = 0 does persist out to z œ 2 (Fig. 2), but 
our sample of highly redshifted objects is not quite large 
enough to provide a firm answer to this question. 


Limits to the contribation 

from an mtergalactic medium 

The fact that we find no detectable increase in the variance V(z) 
of the RRMs with redshift (Fig. 2) enables us to put an upper 
limit on any contribution caused by intervening intergalactic 
clouds of magnetoionic material. If the ion density of the 
intergalactic clouds follows the universal scale factor and the 
(randomly ortented) magnetic field 1s frozen in, then 


me(z)oc(1+-z)? (2) 
|B|(z)<(1+z)* (3) 


and the increase in <n|B,|> with redshift overwhelms the 
‘watering-down’ effect due to the Doppler shift!*" (a(1+2z)~*) 
in which case the variance should increase with redshift. For 
these assumptions the sensitivity of the RM data to an inter- 
galactic medium increases as the source sample extends to 
greater redshift. For our sample, of which 48 sources have 
1 < x < 2.8, we can infer the following upper limit to an 
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where ){B,,| and / are the mean values for the present 
epoch (averaged over many cells) of electron density, line of 
sight component of magnetic field, and cell size (Mpc) respec- 
tively. The cells are assumed contiguous. If we assume Bm = 
10-5 gauss, then the corresponding density is 1.8 times the 
mean density 


for this model of the Universe. This is not much above the 
mean density Pp, and shows that with more data it should soon 
be possible to use rotation measure data to place useful limits 
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Fig. 4 Distributions of the intrin- 
sic rotation measures of QSOs 
(in the observer's frame) as calcu- 
lated from the assumption that 
IRM =},,.7* and using the same 
redshift intervals as in Fig. 2, 
The samples here are slightly 
smaller than in Fig. 2, since a few 
sources do not have well-deter- 
mined À a values. 
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on certain combinations of model universe and intergalactic 
medium parameters. 
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Muon catalysed fusion for pellet ignition 


W.P.S. Tan 


Department of Natural Philosophy, University of Glasgow, Glasgow G12 8QQ, UK 


We describe here a new method for achieving centrolled 
thermonuclear fusion which appears to give a better overall 
energy output over input ratio than for laser driven fusion. 


THE idea is to use muoncatalysed fusion reactions, which can take 
place at a temperature lower than that required for ordinary 
fusion reactions, to provide the energy needed for the ignition 
of ordinary fusion reactions in an inertially confined 
deuterium-—tritium pellet. The pellet is first compressed to ~ 10° 
times solid density and preheated to ~ 10° eV by a relatively 
low power laser or electron beam acting as a prepulse. This is 
to enhance both the catalytic and ordinary fusion reaction rates. 
Simultaneously, or a short time beforehand, a pulse of muons 
(probably > 10 in < Į ns) is injected into the pellet. The 
muon energy distribution is selected such that most of the 
muons are deposited in the core of the pellet. The distance 
stopped and the moderation time can be obtained as a function 
of the muon incident energy’. For example 1-MeV muons will 
be stopped in 107% cm in 107! şs, 


Basic reaction 


When stopped, a muon cascades through the atomic energy 
levels and enters a muonic Bohr orbit about the nucleus (here a 


deuteron or triton). Since the muon is 205 times heavier than 
the electron its Bohr orbit (mean radius 2.6 x 1074 cm),is very 
close to the nucleus. The orbiting muon thus effectively screens 
off the Coulomb potential of the nucleus. The muon is, more- 
over, polarised by an incident ion, resulting in further reduction 
of the Gamow barrier penetration width (Fig. | inset) and this 
greatly increases the probability of the fusion reactions which 
can be written as 


-> 0(3.6 MeV) + n(14 MeV) + p (1) 


In addition to the usual 3.6-MeV a particle and 14-MeV 
neutron, a muon with negligible energy is also ejected. The free 
muon is again captured by a deuteron or triton and the cycle is 
repeated until it is captured by a helium double ion, in effectively 
another branch of the reaction (1) 


It is then unavailable to the catalytic fusion chain unless it is 


stripped off in the slowing down of the helium ion. l 
The branching ratio between reactions (1) and (2) is 100:1, 
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Fig. 1 Reaction rates of muon catalysed ‘in flight’ dt fusion 
reactions at solid ar density. A, Muon catalysed reaction; 
B,. - ordinary fusion reaction. 
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which is also the catalytic chain ratio unless the pellet core 
confinement time is too short for the chain to be completed. 
Inertia confinement times are typically ~ 10° s or shorter so 
that the muon which has a mean half life of 2x 10 s is stable 
in our time scales. 


Mechanism 


Muon catalysed fusion reactions were initially studied by 
Frank? and Alvarez et al.” and put on a firm theoretical basis 
by Jackson’, Belyaev et al", Zel’dovich and Gershtein® and 
Carter’. One important conclusion is that the fusion reaction (1) 
in the cold medium, requires first the formation of the molecular 
ion dut*. The reaction rate is therefore controlled by the rate 
of formation of the molecular ion, and is therefore slow. In our 
scheme we propose to bypass this stage by preionising the 
electronic atoms. 
The reaction rate, at constant density, then, is the product of 
two probabilities: the probability P, for barrier penetration and 
the probability P, of decay of the compound nucleus jdt into 
the right channel. P(E), as a function of the energy, E, of the 
incident nucleus, has been computed by solving Schrédinger’s 
equation to obtain the ratio of the wave amplitudes at the 
nucleus radius and at a large distance from it, using the Morse 
potential distribution, which is an approximation of the 
polarised screened Coulomb potential (Fig. 1 inset). For energies 
<10 keV, P(E) is not known. There is, however, a resonance 
‘near zero energy’? and it is likely that P, is greater than the 
2x 10714 cm? s~ given by Jackson? which is roughly valid for an 
energy between 10 keV and 100 keV. Assuming P, = 2 107" 
cms}, the reaction rates for the reaction (1) at a solid density 
of 5x 1022 cm~? is given in Fig. 1, together with the ordinary 
fusion reaction rates. 


100 


687 


Rates * 


To find the number of particles undergoing fusion reactions, it 
is not enough to know the reaction rates, since the muonic atom 
may be dissociated (‘ionised’) in certain conditions of tempera- 
ture and density. Moreover, we require the pellet to be 


sufficiently ionised with respect to the electrons, that is for the Mees 


reactions 
poett = ptor pid? = pd 
| (3) 
e+tt = et or e-+-d* = ed 
we require 
Ant nat E 
Oa = 7 Ga) and a+ = (or TES) (4) 


to be sufficiently large, where x is the number density and my is ii 


the number density of dt particles in the pellet.. | 

Now, the ionisation potentials for the wt (or pd) and et (or 
ed) atoms are, respectively, 2.7 keV and 13.5 eV. Applying 
Saha’s equation on equilibrium constants to the reactions (3) we 
obtain Qu (Or Oya) ang a+ (or ay) (Fig. 2). The reaction 
pit? < pt (or pdt = pd) is in equilibrium because its 
reaction time is ~ 107+? s (the case of low energy ionisation loss 
of ref. 1) at solid density and proportionately smaller at higher 
density. Thus, compared with a confinement time of T ns the 
dissociation/recombination time is small. Thereactione-+-t* = et 
(or e-+-d* = ed) has a much shorter time than 10°" s at solid 
density since its cross section is obviously larger than for the 
reaction p+ t < et. 

Both a,, (or dy.) and @,+ (or ay*) are sufficiently large im. 
the density and temperature range envisaged, for catalytic 
fusion to take place almost up to ignition point (see Fig. 2). 
When the catalytic reactions are nearly complete the ignition 
temperature would be reached and the main burn will take 
place by means of ordinary fusion reactions. 


Output 


For an idea of the overall energy output over input ratio we 
consider a few cases. The parametric relations used are (where 
number densities are for one pulse) 


E, aa Xa NTI Re n= Bil KX; (3) 


Fig. 2 Ionisation fractions. Op, —----—— , (possible implosion 





path n__n "(possible implosion 
path — — ~> —- —), | 
kT(eV) i 
1.0 = = 


an 
vap 
mme n 


Tonisation fraction. 
am) 
weal 
j 








Table 1 Limits to fusion parameters 
Parameter Minimum Maximum Remarks 


N 2x 101" 2x 103 A or 
of 0.5 mm radius, possibly the 

smallest pellet consistent with 

paras, oL muon beam 

Lower limit is the 1% bum 

frection as 





Xp 0.01 0.1 


2,000 Lower limit from laser driven 
fusion® 

T, = 3.5 keV is the result of 
large R, as given by Lawson’ 
Lower t is the result of a 
particles stopped in core zone. 
Upper limit 1s the result of both 
a and n particles stopped in 
core zone 


Tı +——- 3.5 Ke V ——> 


T; 3.5 MeV 17.6 MeY 


Upper lımit implies that all 
neutrons and a- } are 
stopped in ignition zone 
(possible for 10“ compression) 
Lower limit has a firm 
experimental basis’ 

Upper limit mw a reasonable 
estimate in 19574 


Xyu 10-+ 


10~%?) 


Cn 10° eV 10” eV 





where Æ, is the thermal energy required as well as the energy 
available for ignition. N = number of d and t particles in the 
pellet; x, = fraction of these particles burned; R, = burn- 
ignition particle ratio; T,= ignition temperature in eV; 
n, = number of muons injected into the pellet and assumed 
also to be the number of muons collimated into a beam; 
T, = energy of reaction products: R, = catalytic chain ratio; 
x, = fraction of reaction products stopped in the ignition zone. 

If N, is the total number of muons produced from the 
electrical mains, ¢, is the mains energy (eV) required to produce 
one muon and X, is the fraction of muons collimated into a 
beam then the total input energy Fy, is 


Em =r eN, = Ewy = Cex NT, 








Xn ex eR eRe: © 

The fusion energy produced per pulso is 

Erp = CX N (7) 
Table 2 Possible parameter combination 

Cases 1* 2f la* 2at 

N 2x 10% 2 10%" 
Xp 0.01 0.1 f f 
R, 200 2,000 as in as in 
Case | Case 2 
paw 3.5 3.5 
eV) 3.5 17.6 
ä 100 100 
X, 1.0 1.0 
Xu [0-* 1071 10— 10+ 
Cn 10° 10° 10" 10” 

E (eY) 3.5 x 1018 3.5 x 10" 3.5 x 1018 3.5 x 10" 
An 107° 2 x 1013 10" 2x I0" 
Na [ors 2 x 1014 1014 2x 10$ 

Eylev) 10" 2x 108 10™ 2x 10™ 

eV) 3.5 x 10% 3.5 x 108 35x10™ 3.5x 1098 

Er/E u 3.5 x10 1.75 x 108 3.5 1.75 x 10°? 





* Cases | and 1a are for the minimum size pellet. 

t Cases 2 and 2a are for the maximum size pellet. 

Cases la, 2a have worse muon collimation (xy) and input energy 
requirement (en) characteristics than cases 1, 2 respectively. 

Ei, au, Nu, Ey, Er and Er/E x are the results of assumptions made 
in the values for N, xn Ruy Ti, To Ro Xp Xn and ep. 
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where e; = 17.6 MeV is the energy produced in a deuterium- 
tritium fusion reaction, and where the contributions from the 
catalytic reactions are neglected since the burn-ignition ratio 
is normally large. The overall energy output over input ratio 
is thus 

Gr X,X-R,RoT, 


Ey/Ev — en T, 


(8) 


The probable upper and lower limits of the parameters in 
equation (8) are given in Table 1. Four possible combinations 
of these parameters are given in Table 2. These are for two 
pellet sizes: a small pellet of ~ 1 mm diameter, as used in 
laser fusion studies, and a larger one of ~ 1 cm diameter. 
Though it appears from equation (8) that Er/ Ex is independent 
of pellet size (that is, N) in practice the parameters xp, x,, Rp, Ro 
and T, are probably dependent on it; x,, Ra and T, probably 
more so than the others, and are chosen accordingly in Table 2. 
Thus 7, is chosen to be 17.6 MeV for the larger pellet sinco it is 
thought probable that both neutrons and a particles are stopped 
at the core, whereas only the a particles are stopped in the case 
of the smaller pellet. Similarly, Rẹ, may be an order of magni- 
tude larger for the larger pellet if the compressed core is an 
order of magnitude larger than the core of the smaller pellet. 

In the four case studies of Table 2, Fe/Ey, varies widely 
from 3.5 to >10* and detailed computer simulation of the 
implosion hydrodynamics is necessary to clarify this point, 
though one obvious conclusion is that an improvement in the 
muon collimation (that is, in x,) would result in a positive 
gain to Ep/Fy. 

At this stage it may be pointed out that, following the 
examples of laser fusion computer studies, most of the energy 
absorbed by the pellet will go into the compression of the 
core and only a little more is needed for ignition. Thus it may 
be objected that there is no need for the heating contribution 
of muon catalysed reactions. This, however, is only true for a 
small pellet under conditions optimum to laser induced im- 
plosions. For a larger pellet with a large core region and with 
the compression ratio at the edge of the core < 10* the confine- 
ment time criterion may still be satisfied while substantial core 
heating may be necessary for ignition. This is where the muon 
catalysed reactions would prove useful. Also unlike laser-driven 
fusion, electrons which are degenerate at high densities, need 
not be heated at all (though they will be heated as a matter of 
course by the pre-pulse) and this will reduce the thermal energy 
requirement. 


Muon production 


At present muons are most efficiently produced from the decay 
of pions, which are themselves products of the collisions of 
energetic protons with a suitable target. At SINR, and else- 
where, muon ‘factories’ have recently come into operation, 
capable of producing muon pulses of > 107 particles from 1012 
protons, that is, x, ~ 10—. The reason for such poor collima- 
tion is that as pions decay the muons are emitted isotropically. 
Another problem is to obtain a large pulse in a short time. 
Here a storage ring with a fast outlet shutter could be employed. 
The particles stored can be either protons or muons. The 
former have an infinite lifetime so that the injection current 
(into the ring) need only be large enough to satisfy the rate of 
explosions required by the reactor. On the other hand, if the 
muon collimation is poor, a far larger number of particles has 
to be stored in the ring if the particles are protons than if they 
are muons. Muons, when initially produced, have energies too 
high for the muons to be stopped by a small pellet. They will, 
therefore, have to be decelerated by some means, perhaps by 
the emission of cyclotron radiation in the storage ring. If 
muons are stored in a ring the injection current has a lower 
limit determined by the mean lifetime and the output current 
pulse. A muon storage ring has recently been commissioned 
at CERN. 
I thank Dr E. W. Laing for his help. 
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Strontium isotope variations in basalts from the Mid- 
Atlantic Ridge and the Azores Islands support the Azores 
mantle plume model. The similarity of isotope ratios in 
Mid-Atlantic Ridge tholeiites from the Azores platform and 

zores Islands alkali basalts implies that these different 
magma types are derived from the same mantle source but 
under different conditions of origin. 





Tae two dominant modes of igneous activity in ocean basins, 
oceanic island and mid-ocean ridge, produce magmas of 
distinctly differing geochemistry’. Mid-ocean ridge basalts are 
predominantly tholeiitic and have very low large ion-lithophile 
(LIL) element abundances and low (large ion)/(small ion) 
abundance ratios of LIL elements such as Rb/K, Ba/Sr, and 
La/Sm. On the other hand, oceanic island lavas may be of 
either the tholeiitic or alkaline type, both of which have 
distinctly higher LIL element concentrations, higher LIL 
element ratios, and generally higher abundances of radiogenic 
Sr and Pb*. As both MOR and oceanic island volcanics are 
derived from the mantle, this contrast implies significant mantle 
heterogeneity and differences in mantle evolution. 

The Azores archipelago consists of nine volcanic islands 
which emerge from a shallow submarine plateau straddling the 
Mid-Atlantic Ridge (MAR) and the triple junction of the 
North American, Eurasian, and African plates? at approxi- 
mately 40°N. Because of the closely related setting of the 
Azores Islands, the submerged plateau, and the transecting 
MAR axis, the region is excellent for studying the geochemical 
contrasts and spatial relations of mid-ocean ridge and oceanic 
island basalts. 

A previous study by Schilling® showed that tholeiitic basalts 
erupted along the MAR transect of the Azores platform have 
patterns enriched in light rare earths which grade regularly 
southwards along the ridge axis to patterns depleted in light 
rare earths, typical of mid-ocean ridge basalts, at 33°N. Because 
these trace element variations could not reasonably be accounted 
for by different degrees of partial melting or fractional crystalli- 
sation, Schilling interpreted this gradient as resulting from a 
mantle plume’ enriched in LIL elements, rising beneath the 
Azores and mixing southwards along the ridge with the 
source of normal ridge basalts ‘depleted’ in LIL elements in 
the low velocity layer. (La/Sm).,. ratios were also found to 
decrease northwards from 45°N to the Gibbs Fracture Zone®, 

Since trace element ratios can be affected to some extent by 
processes such as fractional crystallisation and partial melting, 
further documentation of the geochemical variation observed 
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by Schilling was desirable. In particular, whereas the La/Sm 
ratio in tholetites may be taken as representative of the source 
(if they are produced by at least. 20° melting of a peridotitic 
mantle), this is not the case for magmas which may be produced 
by smaller degrees of melting, such as alkali basalts". For this 
reason, Schilling did not study the relationship between the 
alkaline Azores island lavas and lavas from the MAR transect 
of the Azores platform. Sr-isotope ratios, because of their 
relative insensitivity to magmatic processes, are useful in 
examining these relationships. 


Fig. 1 Map of the study area. ©. RV Trident dredge stations: 
©, other dredge stations; x, locations of dredge stations for 
which ®’Sr/ 867 a reported by Hart er af. 
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We now report the results of a Sr-isotope study of lavas 
erupted along the MAR from 29°N to 60°N, on the Azores 
Islands, and in the Terceira trough. The analyses were carried 
out on powder splits of the same MAR dredge samples on 
which rare earths had been determined previously by Schillingë 
and Schilling ef alë. The present study further documents 
geochemical variations in the region and provides a test of the 
Azores mantle plume hypothesis and the mixing model? based 
on rare earth elements. We also examine the relationship of 
alkali lavas erupted on the Azores Islands to the tholeiitic 
basalts erupted on the nearby MAR. 

Seventy-nine samples from the rift valley of the Mid-Atlantic 
Ridge and the Terceira trough were analysed. Locations of the 
dredge stations are shown in Figs 1 and 2. Samples were 
dredged by RV Trident of the University of Rhode Island 
during cruises TR89, TR100, TR1I19, TR122, TR123, and 
TR154. Additional samples from other dredge stations were 
provided by other investigators. Thirty-five samples from the 
Azores Islands were also analysed—their locations are shown 
in Fig, 3. Practically all the samples from the MAR are tholeiitic 
basalts, but rare transitional and one mildly alkaline basalt 
occur near 35°N (just north of the Oceanographer Fracture 
Zone) and at 45°N5* 8. Lavas from the Azores Islands are 
alkalic. 

**Sr/**Sr ratios were measured using the 6-inch mass spectro- 
meter at the Department of Terrestrial Magnetism, Carnegie 
Institution of Washington. The analytical technique has been 
described elsewhere!!!?, Our data from Terceira Island and the 
southern Reykjanes Ridge agree with values reported by 
O’Nions and Pankhurst!*, after correction for an apparent 
interlaboratory bias of 0.014%. Because of the low Rb/Sr 
ratios and the relatively young age of the basalts, isotope ratios 
in these samples can be considered ‘initial’. The comenditic 
lavas have high Rb/Sr ratios, however, and the ®?Sr/®*Sr ratios 
reported for these samples cannot be strictly considered ‘initial’. 


Geochemical variation along the ridge 

The *’Sr/**Sr profile of basalts erupted along the ridge is 
shown in Fig. 4. Two distinct maxima are apparent, one at 
44-45°N, the other over the Azores platform (39°N). The 
maximum over the Azores platform seems slightly higher (about 
0.70345) than that at 45°N (about 0.70340). Transition zones 
exist north of 45°N and south of 39°N with the *’Sr/**Sr ratios 
decreasing to typical ridge values. Ten analysed samples from 
the FAMOUS region, situated in the geochemical transition 
zone south of the Azores, fall in a narrow range of intermediate 
values in spite of a large variation in bulk chemistry’. The 
profile of (La/Sm)..,. (ref. 5) along this section of the ridge, as 
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Fig. 2 Map of the Azores region. A, Dredge 
stations. 1,000- and 3,000-m contours are 
shown. 
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well as those of alkali and alkaline earth trace elements and 
ratios such as Rb/K, Ba/K, and Rb/Sr are similar to the 
strontium isotope profile, All these different sets of data 
suggest that the areas south of 33°N and between 48°N and 
60°N are ‘normal ridge segments’. 

87$r/**Sr ratios for samples from three dredge stations in the 
35°N-—Oceanographer Fracture Zone area are anomalously high. 
Although these samples show some evidence of secondary 
alteration, their K/Cs ratios (a good indicator of alteration’) 
are relatively high and suggest that these high °’Sr/**Sr ratios 
are not due to secondary alteration. Nor do the anomalously 
high strontium isotope ratios in this area represent a difference 


=- between rift valley and fracture zone volcanism. One dredge 


station is located within the MAR rift valley just north of the 
fracture zone. The second is located south of the fracture zone, 
though not necessarily in the rift (which could not be identified 
because of the complex topography of the area). The third is 
located within the fracture zone”. l 

8°Sr/"€Sr values for station TR123 4D (33°N) are also 
anomalously high. These samples are quite unusual in com- 
position, having extremely low LIL element concentrations and 
low ratios such as La/Sm and Rb/K. Petrologically, they are 
Al-rich picrites similar to rocks from DSDP sites 3-14 and 
3—18% and contain Al-rich spinels!*, 


Variation patterns in the Azores 

The samples from the Azores Islands vary from alkali basalts 
to highly differentiated comendites. Submarine basalts from 
the Terceira trough are tholetitic™., Initial "“Sr/**Sr ratios from 
six of the nine islands fall in the narrow range of 0.70332 to 
0.70354, and thus are identical to *’Sr/**Sr ratios of basalts 
from the MAR transect of the platform (Fig. 5). Figure 5 shows 
also that there is no systematic change in *’Sr/**Sr ratios 
longitudinally away from the ridge. Both island lavas and 
tholeiites from the ridge transect of the platform have strontium 
isotope ratios which are distinct from normal ridge segments. 

Flores and Corvo are the only two islands west of the MAR. 
87Sr/**Sr values for these two islands range from 0.70332 to 
0.70352, with no apparent isotopic differences between the two 
islands. *’7Sr/**Sr ratios from Faial and Pico range from 0.70347 
to 0.70394, with values from Fatal tending to be somewhat 
higher than those from Pico. Sao Jorge has ®’Sr/®*Sr ratios 
which range from 0.70332 to 0.70354. 

Graciosa, Terceira and Sao Miguel he along the Terceira 
trough, which may be a secondary spreading centre*. Lavas 
from Graciosa and Terceira, and submarine tholeiites from the 
trough have *’Sr/**Sr ratios in the range 0.70336 to 0.70354, 
with the exception of two comendites from Graciosa and 
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Terceira. The high Rb/Sr ratios, 8 and 10, in the two comendites 
suggest that their high ®’Sr/**Sr ratios may be the result of “Rb 
decay since differentiation of the magma. If the initial ratios of 
these two samples were near 0.70350, then the apparent ages 
are 2.5 Myr for the. Graciosa sample and 0.75 Myr for the 
Terceira sample. Field relationships suggest that these ages 
may be reasonable. | 

Sao Miguel, which is apparently located at the intersection 
of the Terceira, Sao Jorge and Faial—Pico tectonic lineaments”, 
is geochemically quite distinct from the other islands. One 
basalt has an °’Sr/#*Sr ratio of 0.70337, whereas four other 
values range from 0.70434 to 0.70525. Samples from Santa 
Maria have **Sr/**Sr ratios of 0.70336 and 0.70352. 

Thus Faial, Pico and, particularly, Sao Miguel are the only 
islands where initial °’Sr/**Sr ratios are markedly dissimilar 
to those of the adjacent MAR. All these samples are fresh and 
the high °’Sr/®*Sr ratios cannot be explained by post-eruptional 
alteration. 


Comparison with Iceland 

The maximal ®’Sr/**Sr and (La/Sm),..,. values for the ridge 
transect of the Azores platform (0.70345 and 2.8 (ref. 5) 
respectively) are considerably higher than values for the ridge 
transect across Iceland (0.70305 (ref. 12) and 1.3 (ref. 22) 





Fig. 4 Variation of “Sr/**Sr with latitude 
along the Mid-Atlantic Ridge. Precision is 
indicated by the error bar (upper left) and 

is -+-0.00006 (--2s.d.). Measured values for ⁄ 
the E and A NBS-SRM 987 standards were 2 
0.70792 +2 (six analyses) and 0.71017 +5 & 
(six analyses) (2 s.d. of the mean). All 5 
values were normalised to 86/88 =0.1194 and 

are reported relative to a value of 0.70800 

for the E and A standard. Data previously 
reported by Hart ef al? are shown for 
comparison (+). The dashed line is inter- 

oe pretive. 
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respectively). This is readily apparent for *Sr/*Sr in Fig, & 
Additionally, although the Iceland—Reykjanes Ridge transition 
zone between the ‘undepleted’ Icelandic basalts and the ‘de- 
pleted’ ridge basalts extends only some 400 km, the transition 
zone between the Azores platform and the ‘normal’ ridge to 
the south extends some 1,000 km. Thus the geochemical 
anomaly beneath the Azores is both richer in LIL elements 
and larger than the anomaly beneath Iceland. 


Single or multiple mantle source? 
The large scale geochemical gradients along the Reykjanes 
Ridge reported by Schilling®*, Hart ef alt? and Sun eral” 
have been explained by these authors in terms of mixing of two 
mantle sources. This model was challenged by O'Hara™ + who 
suggested that the LIL element variations along the Reykjanes 
Ridge could be produced by fractional crystallisation. O’Hara™ 
dismissed the isotope evidence, stating that the “isotope ratios 
had changed during the manifest fractional crystallisation.” As 
O’ Hara has not yet proposed a mechanism capable of producing 
such changes and as we know of no evidence to support this 
contention, we consider it improbable that Sr isotope ratios 
can be affected by fractional crystallisation. 

Other alternatives to the multiple-source interpretation. of. 
the data from the Reykjanes Ridge have been based on possible 
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Fig. 5 Variation of *Sr/**Sr with longitude across the Azores 

plateau. A, Dredge stations; |, Faial and Pico; hexagons, 

Sao Jorge; ©, Flores, Corvo, Santa Maria, Graciosa, Terceira 

and Sao Miguel. Open symbols are basalts and trachybasalts, 

filled symbols are trachytes. Lines enclose samples from the 

principal tectonic features of the Azores*!: ---, Terceira Rift; 
.-+, Sao Jorge; ----.- , Faial-Pico; --—-, MAR. 


disequilibrium melting of a phlogopite-bearing mantle! 28-28, 
Disequilibrium melting models such as these are not supported 
by our results in the Azores region. The correlation of ®’Sr/**Sr 
with elevation along the Reykjanes Ridge, on which Flower et 
al.*® based their model, is poor or nonexistent in the present 
results. The minimum depth of the rift valley of the MAR 
transect of the Azores platform is about 1,100 m, yet the 
strontium isotope ratios of these samples are considerably 
higher than those of subaereal Icelandic basalts. Sigvaldason’s 
model?’, suggesting that the Iceland mantle plume feeds 
volcanism in all of the North Atlantic, cannot explain the high 
#Sr/*Sr values at 45°N and the Azores platform, or the 
associated gradients. 

O’Nions and Pankhurst? have developed a disequilibrium 
melting model for a phlogopite-bearing mantle. A corollary of 
this model requires that the °’Sr/®*Sr ratio of the melt should 
decrease with increasing degree of melting. If alkali basalts are 
produced by smaller degrees of melting than tholeiites, as 
suggested by experimental data”, alkali basalts should have 
higher strontium isotope ratios than tholeiites derived from the 
same source. Contrary to this prediction, however, most alkali 
lavas from the Azores Islands have *’Sr/**Sr ratios nearly 
identical to those of tholeiites from the MAR transect of the 
Azores plateau. In addition, basalts of tholeiitic composition 
dredged from the Terceira trough have isotope ratios within the 
range of alkali basalts from the nearby islands of Terceira and 
Graciosa. 

A number of other serious objections to the disequilibrium 
melting hypothesis have been raised by Hofmann and Hart’, In 
view of these objections and the above discussion, the dis- 
equilibrium melting model seems inapplicable to our results. 
We conclude that the observed variation in lavas from the 
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MAR and the Azores Islands does indeed reflect geochemical 
variation in the mantle. 

Any model which attempts to account for the isotopic 
variation along the ridge must also account for (1) the increases 
in trace elements and trace element ratios towards the Azores!’ 
(2) petrological and petrochemical variation along the ridge 
(ref. 19 and J.-G. S. and W. M. W., to be published); (3) the 
broadening and shoaling of the MAR in this region; and (4) the 
thicker crust present beneath the Azores platform by com- 
parison with typical oceanic crust®. 

At present, the model we prefer to account for these obser- 
vations is that of a mantle plume” rising beneath the Azores(with 
a possible separate plume at 45°N) and mixing with the source 
(depleted in LIL elements) of normal ridge basalts. Reasons for 
the choice of this model over other models such as a vertically 
or horizontally heterogeneous static mantle have been discussed 
elsewhere? 1215-22, We interpret the contrast of the alkalic 
nature of the Azores Islands lavas with the tholeiitic character 
of basalts from the MAR transect of the platform as being due 
primarily to differences in conditions of magma generation and 
evolution, such as depth and extent of melting and subsequent 
crystal fractionation, rather than differences in mantle source 
chemistry*®, These different conditions of magma formation 
generally produce some enrichment in LIL elements in the 
melts but do not produce isotopic differences. Higher Sr 
isotope ratios on Faial, Pico and, particularly, Sao Miquel 
imply considerable local mantle heterogeneity in this region, 
however. 

Strontium isotope ratios do not decrease longitudinally 
across the platform (a distance of over 500 km), whereas they 
begin decreasing along the MAR within 100 to 200 km from 
the centre of the platform. This asymmetry may result from the 
fact that although there is mixing of the plume and depleted 
low velocity layer sources along the ridge, only the plume 
contributes material to island volcanism. Our analyses of 
island lavas include both historical flows and flows which are 
from some of the oldest volcanic sequences of the archipelago 
(Santa Maria and north-eastern Sao Miguel®2) and reveal no 
particular systematic change with time. Thus the plume must 
have been present beneath the Azores for at least the past 
4-6 Myr, and probably longer, judging from rare earth data 
in DSDP Leg 37 basalts3*. 
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An enzyme isolated from arteries transforms 
prostaglandin endoperoxides to an unstable 


substance that inhibits platelet aggregation 
S. Moncada, R. Gryglewski, S. Bunting & J. R. Vane 
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Microsomes prepared from rabbit or pig aortas transformed 
endoperoxides (PGGz or PGH32) to an unstable substance 
(PGX) that inhibited human platelet aggregation. PGX 
was 30 times more potent in this respect than prostaglandin 
E,. PGX contracted some gastrointestinal smooth muscle 
and relaxed certain isolated blood vessels. Prostaglandin 
endoperoxides cause platelet aggregation possibly through 
the generation by platelets of thromboxane Az. Generation 
of PGX by vessel walls could be the biochemical mechanism 
underlying their unique ability to resist platelet adhesion. A 
balance between formation of anti- and pro-aggregatory 
substances by enzymes could also contribute to the main- 
tenance of the integrity of vascular endothelium and explain 
the mechanism of formation of intra-arterial thrombi in 
certain physiopathological conditions. 





Ante 


THE prostaglandin (PG) endoperoxides (PGG, and PGH,) 
are generated from arachidonic acid by the membrane-bound 
cyclo-oxygenase enzyme'~*, and subsequently transformed to 
PGF,,, E or D, (or to their 15-hydroperoxy or 15-keto 
derivatives) or to  12-L-hydroxy-5,8,10-heptadecatrienoic 
acid (HHT) and malondialdehyde'**. Recently a novel 
transformation of PGG., and H, to a non-prostaglandin 
compound “thromboxane A,” (TXA,) has been reported**, 
and a microsomal thromboxane synthetase system in blood 
platelets has been identified and characterised*:’. Most of the 
activity associated with “rabbit aorta contracting substance” 
or RCS*? is now thought to be due to TXA, (ref. 10). TXA, 
shares with prostaglandin endoperoxides two important 
biological properties; they both contract strips of rabbit 
aorta®7-!0-11 and cause platelet aggregation in vitro®**, 

We have discovered that blood vessel microsomes contain 
an enzyme that transforms PG endoperoxides to an unstable 
principle which relaxes some blood vessels and prevents 
platelet aggregation. 


Preparation of enzyme and bioassay 


Pig or rabbit aortas (one experiment) were stripped of 
adventitia, snap-frozen in liquid nitrogen, crushed into a 
fine powder, resuspended (1:4, w/v) in 0.05M Tris buffer 
(pH 7.5) and homogenised at high speed in a Polytron homo- 
geniser. The homogenate was centrifuged at 1,000g for 15 min 
and the resulting supernatant centrifuged again at 10,000g¢ for 5 
min. The 10,000g pellet was also discarded and after further 
centrifugation at 100,000g for 60 min was resuspended in 
deionised water and lyophilised. Yield averaged 150 mg 
powder (51° protein}? per 100g aortic tissue. Electron 
microscopic examination showed that this fraction was com- 
posed mainly of microsomes although there was a small 
contamination with mitochondria. 

Activity of PGs and products of the PG endoperoxides was 
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assayed using the cascade superfusion technique’. Tissues 
were selected from spirally cut strips of rabbit aorta, pul- 
monary artery, mesenteric artery, coeliac artery and vena cava, 
as well as rat stomach strip, rat colon, chick rectum, guinea 
pig ileum and guinea pig tracheal chain. These were superfused 
in cascade with Krebs’ solution (at 37 °C) at 10 ml min“, 
containing a mixture of antagonists? and indomethacin 
(1 pg mi~). Changes in length of the tissues were detected 
using Harvard smooth muscle transducers and recorded at an 
overall magnification of 1-4 times on a Watanabe six-channel 
pen recorder. 

The most useful selection of assay tissues was rabbit aorta, 
rat colon and rat stomach. Rabbit aorta is contracted by PG 
endoperoxides and TXA, but not by PGE,, PGF,, or PGD.,. 
Rat colon is contracted by PGE, and PGF, but not by PGH,, 
PGG, or TXA, (refs 9 and 16). Rat stomach strip is contracted 
to different degrees by all of the above substances. 

Aortic microsomes (10-1,000 ug) were incubated with 
substrate in 100 ul 0.05 M Tris buffer (pH 7.5). No cofactors 
were added. The following substances were tested as substrates: 
arachidonic acid (1-10 pg mi~), prostaglandins Es Fre Da 
G, and H, (0.1-1.0 pg mi~). Reaction sets were incubated 


Fig. 1 Bioassay using rabbit aortic strip (a) and rat colon {bh 
PGE, contracts rat colon whereas PGG, contracts rabbit aorta. 
PGG, (0.5 pg) was incubated in 0.5 ml Tris buffer (0.5 M, 
pH 7.5) at 22 °C, and 100-pl aliquots were tested on the tissues 
at 5, 10, 20 and 30 min. The spontaneous disappearance of FGG, 
(decrease in rabbit aorta contraction) was associated with an 
appearance of PGE- and F-like activity (increase in rat colon 
contraction). 
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Fig. 2 Effect of aortic microsomes (AM) on PGG,. PGG, 
(0.5 ug) was incubated with AM (1 mg) in 0.5 ml of Tris buffer 
(0.05 M, pH 7.5) at 22 °C and 100-l aliquots were tested for 
activity on the tissues at 0.5, 10 and 20 min. a, Rabbit aortic 
strip; b, rat colon. In the presence of AM the contractile activity 
of PGG, on rabbit aortic strip disappeared within 0.5 min but no 
PGE- or F-like activity was formed even when incubated for 
20 min. Boiled AM (200 ug) incubated with PGG, (100 ng) in 
{00 ul Tris buffer at 22 °C for | min did not affect activity of 
PGG, on rabbit aorta. The last section shows the selective effect 
of PGF,, on the rat colon. 


for 0.2-30 min at room temperature (20-22 °C). Aliquots of the 
incubation mixture were tested directly on the assay tissues to 
detect changes in activity induced by the enzyme. PGG, and 
PGH, are unstable in aqueous solution, with a half life of 
7-8 min at 22 °C (ref. 7). As they decompose (Fig. 1), so the 
activity on rabbit aorta decreases and PGE- and F-like activity 
on rat colon increases. 

When incubated with aortic microsomes (3-4 mg mi!) for 
0.25-0.5 min at 22°C, the contractor activity of PGG, or 
PGH, (1 ug ml~?) disappeared, without any increase in PGE- 
or F-like activity on the rat colon (Fig. 2). There was also no 
increase in malondialdehyde formation, as estimated by the 
thiobarbituric acid method!’. The endoperoxides were trans- 
formed, however, into a substance with a different spectrum of 
biological activity. For convenience, we shall refer to this 
unknown substance as PGX. 

PGE,, PGF,,, PGD, (0.5-5 ug mim!) or arachidonic acid 
(1-25 ug ml~!) were incubated with aortic microsomes for up 
to 30 min at 22 °C; since there was no detectable change in 
biological activity, it was concluded that these substances 
were not substrates for the enzyme which generates PGX. 

The enzymic nature of the transformation by aortic micro- 
somes of PGG, and PGH, to PGX was substantiated by the 
following observations: boiled microsomal preparations had 
no activity, and non-enzymic proteins (for example, bovine 
serum albumin) did not affect the spontaneous decay of PGH., 
during 1 min of incubation. 


Effects of PGX 


PGX (100 ng), whether extracted (see below) or not, did not 
contract strips of rabbit aorta, pulmonary artery or vena cava. 
PGX relaxed strips of rabbit mesenteric and coeliac arteries. 
PGX contracted rat stomach strip, chick rectum, guinea pig 
tracheal chain and guinea pig ileum, although its potency was 
less than that of PGH, or PGG,. Rat colon was not con- 
tracted by endoperoxides or by PGX (100 ng), except after 
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spontaneous decomposition of the prostaglandin endo- 
peroxides (Fig. 1), when there was a 25-40°% conversion to 
PGE- or F-like substances. 

Aggregation of platelets in 1 ml fresh human platelet plasma 
(PRP) was monitored in a Born aggregometer'®. Platelet 
aggregation was induced by arachidonic acid (100-600 ug or 
0.3-1.8 mM). Aortic microsomes (5 mg) were incubated with 
1 ug endoperoxide (PGG, or PGH,) in 1 mi 0.05 Tris buffer 
(pH 7.5) for 2 min at 22 °C. Doses of PGX stated below assume 
complete conversion of the endoperoxide. An aliquot con- 
taining 0.25-10 ng PGX was added to the PRP 0.5—1 min 
before the aggregatory agent. In another set of experiments the 
products formed during incubation of aortic microsomes with 
PGG, or PGH, (incubation time 1-2 min at 22 °C) were rapidly 
extracted with ice-cold diethyl ether. After evaporation of the 
ether the residue was either dissolved in ice-cold Tris buffer 
and immediately used in platelet aggregation studies or was 
dissolved in anhydrous acetone and stored at --20°C for 
future use. These extracts were added to PRP 1 min before the 
aggregatory agent. 

An immediate anti-aggregatory effect of the fresh reaction 
mixture of aortic microsomes with PGH, or PGG, was 
observed. The lowest anti-aggregatory concentration was 
obtained at concentrations of 0.5-5 ng PGX mi~. PGX was 
about 30 times more potent than PGE, and 5-20 times more 
potent than PGD, as an anti-aggregatory agent (Fig. 3). 
PGX was unstable and its anti-aggregatory activity disappeared 
after standing for 20 min at 22 °C or after boiling for 0.2 min. 
Aortic microsomes (50 ug ml ~) alone could induce aggregation 
in some PRP. The products of spontaneous degradation of 
PGG, (100 ng mi ~>) had no anti-aggregatory activity. 

Diethyl! ether extracts of PGX also inhibited platelet aggre- 
gation induced by arachidonic acid. The effective anti-aggre- 
gatory concentrations of the extracted PGX ranged from 1-10 
ng ml~ (assuming complete extraction into ether and com- 
plete dissolution in Tris buffer). 

The anti-aggregatory activity of the extracted PGX dis- 
appeared on boiling (15 s) or on standing at 22 °C for 20 min, 
but did not deteriorate when the buffered solution was kept on 
ice for 2 h or when the substance was dissolved in dry acetone 
and stored at — 20 °C for several] days. 

PGX is different from the other products of PG endoperoxides 
so far described. Its biological properties on the isolated 
tissues, its instability and its potent anti-aggregatory activity 
distinguish it from PGE, PGF,,, TXA, or TXB,. PGE., 


Fig. 3 Transformation of PGG, activity by different concen- 
trations of aortic microsomes, incubated with 100 ng of PGG, 
in 100 ul Tris buffer for | min at 22°C, and bioassayed using 
rabbit aortic strip. The reduction in contractile activity of PGG, 
was calculated from the standard dose-response curve for PGG, 
as the percentage transformation of the endoperoxide. Each 
point on the graph represents the mean +s.e. of five-seven 
experiments, 
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Fig. 4 The tracings show changes in light transmussion through 
platelet-nch human plasma in a Born aggregometer. Comparison 


of antr-aggregatory potencies of PGX and PGE,. PGX was 
obtained by incubation of 100 ng PGH, with 500 pg of aortic 
microsomes in 100 ul 0.05 M Tns buffer (pH 7.5) for 2 min at 
22 °C and then stored on ice PGX and PGE, (10 pl) were added 
to human platelet-mch plasma | min before arachidonic acid 
(AA 1 mM). In this expenment PGX was at least 25 times more 
potent as an anti-aggregatory agent than PGE,. Doses of PGX 
(1-4 ng) or PGE, (50 ng) are shown at the sides of the tracings. 


PGF,, and PGD, were not substrates for aortic microsomes, 
so that 15-keto PGs or other products of PG catabolism could 
not be considered as PGX. PGX is also unlikely to be a 15 
hydroperoxy PG, because, firstly, 15-OOH PGE, contracts 
rabbit aorta", and, secondly, the product(s) of the spontaneous 
decay of PGX when bioassayed did not behave like PGE,, 
PGF,, or PGD,. Lack of increased malondialdehyde for- 
mation from PGG, and PGH, excluded their enzymic trans- 
formation by aortic microsomes to HHT. 

The presence of prdstaglandin D, isomerase in homogenates 
of several tissues has been described’. Prostaglandin D, is a 
potent inhibitor of platelet aggregation’®. PGX is, however, not 
PGD, because PGX is unstable and is a more potent anti- 
ageregatory agent than PGD,. Besides, PGD, isomerase 1s 
present in the 100,000¢ supernatant’, a fraction that in our 


experiments did not produce PGX from endoperoxides. , 


Moreover, PGD, isomerase needs glutathione as a cofactor? 
and our incubations were carried out in the absence of cofactors. 

The prostaglandin endoperoxides (PGG, and PGH,) 
aggregate platelets!™13 and this activity is probably mediated, 
wholly or partly, by the enzymic conversion of endoperoxides 
by platelet microsomes to the less stable TXA, (refs 6 and 7). 
Blood vessel microsomes transform endoperoxides to another 
unstable principle (PGX) which, contrary to TXA,, has 
potent anti-aggregatory properties and relaxed, rather than 
contracted, vascular strips. Thus a balance between the 
amounts of TXA, formed by platelets and PGX formed by 
vessels might be critical for thrombus formation. Indeed, in 
the light of the discovery of this anti-thrombotic property 
associated with arterial walls, it is interesting to recall the 
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pre-Lister vitalistic view that in some way the arteries kept the® 
blood fluid. Certainly, platelets adhere easily to any particle 
or surface, with the unique exception of the vascular endo- 
thelium. Generation of PGX by vessel walls could be the 
biochemical mechanism underlying their ability to resist 
platelet adhesion. Indeed, platelets attempting to stick to 
vessels may be releasing PGG, or PGH, which is then used 
by the vessel to generate PGX which prevents the platelets 
from sticking. Plaque formation on the arterial wall could 
hinder access of platelet endoperoxides to the PGX-generating 


_ system (or of any continuously formed PGX to the platelets) 


thereby enabling platelet deposition to occur. 

PGX may also have other properties. It is well known that 
platelets repair lesions in the vascular endothelium™. An 
infusion of a small number of platelets is sufficient to restore 
vascular integrity in the damaged vessels of thrombocytopenic 
animals ™’13, Studies of ultrastructure have revealed that 
platelets can be assimilated into the vascular endothelium or 
even incorporated into endothehal cells*?***. Biochemical 
cooperation between platelets and vascular endothelium in the 
generation of PGX could well contribute to the repair of 
vascular endothelium. 

The fact that PGX is locally generated in the arterial wall 
and can relax arterial smooth muscle also suggests that it plays 
a part in the local control of vascular tone. A deficiency of 
PGX could, therefore, underly some forms of hypertension. 
It will be interesting to find out whether other tissues can also 
generate PGX and what other biological properties are assoc- 
lated with this class of compound. 

Wo thank Dr F. Ubatuba for preparing the prostaglandin 
endoperoxides. 
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A secular relativistic change 
in the period of a binary pulsar 


THE discovery of the first binary radio pulsar PSR1913+16 
by Hulse and Taylor! stimulated an interest in using relativistic 
effects to calculate more details of this system.*~ It was shown, 
for example, that observations of the apsidal motion aa 


allow the masses of the pulsar and its companion to be cal- 
culated. There are many mechanisms which could cause a 
secular change in the observed period of a binary pulsar 
(for example, mass exchange magnetic friction, electromagnetic 
radiation). Here we would like to discuss another possibility 
related to a change of orbital parameters of a pulsar in a binary 
system and we also estimate the effect of the emission of 
gravitational radiation on the period of the binary. 
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Let the intrinsic period of a pulsar be P,, its orbital velocity 
y and the mass of the central star Ma; then the observed period 
P, neglecting the relative motion between the centre of mass of 
the binary system and the observer, is given by 


(1 — (r/c? YAU —- (GM, /c*a))? 
where a is the semi-major axis of the relative orbit, G the gravi- 
tational constant and c the velocity of light. For simplicity 
we will assume that the pulsar moves in a circular orbit. Using 
Kepler's law to calculate the orbital velocity of the pulsar and 
keeping only first-order relative corrections, we get 


~~ 2M 
p= rf ee ae Q) 


where M, denotes the mass of the pulsar. 
Let T be the period of the binary system, then 


aT 


I 
0 


is the mean period of the pulsar over the period of the binary 
system. Assuming that there is no mass exchange and M, and 
M, are constant for the relative time variation of the period we 
obtain 


P _—-3My-+2M, GMy Gi 
<P> NMM) ĉa a 


From Kepler’s law it follows that when the masses of the 
components are constant, the relative time variation of the 
semimajor axis is related to the time variation of the period 
of the binary system by 


a 27T 
"e I me we 4 
a 3T 1 
so finally we have the relationship 
P Or: 3M ü od 2M, GM, T ( 5) 


NMM) Ca T 


Recently, Taylor et al? obtained more accurate values of 


a= 9.8910" cm, for a ratio between P/P and T/T 
we obtain 1.75 107, It therefore follows that for the pulsar 
PSR1913416 the change in the period is caused by some 
mechanisms other than the change in orbital parameters. 

Using equation (5), in principle, one should be able to detect 
the change in the period of a binary pulsar caused by the emission 
of gravitational waves. Landau and Lifshitz® calculated the 
change in semimajor axis of a binary system caused by the 
emission of gravitational radiation and obtained 


a: 64G°M,M,(M,* Mp) 
a Sat 


2 R, “he Rane (7) 
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substituting this in (3) we have 
P —_32G4M2M,(3M,+-2M,) _ 


<P> Sciaé 
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where R, is the gravitational radius of the central star 
we get 
P/SP? = 1.91078? s-1, a value which is unobservably 
small. In a favourable situation, however, with more massive 
stars forming a compact binary system, the change in the period 
of the pulsar should be observable. Let us take, for example, 
a binary system of two stars, one of which could be a black 


circular orbit with @= 2 10'cm, then P/<P> = 625x 
10~*°s~? which should be observable. with present-day tech- 
nology. 

N.LS. thanks the University of Warsaw for hospitality. 
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Improved upper limits of gravitational 
deflection of polarised radiation 


RECENTLY Harwit et a/.’ established upper limits for any polarisa- 
tion dependence in the bending of radio waves by the Sun's 
gravitational field. Any differential angular splitting between 
orthogonal polarisations was shown by VLBI techniques, and 
from the constancy of the Stokes parameters in the carrier wave 
from a spacecraft, to be < 1079 and 10~*, respectively, of the 
total bending. Since the latter technique is not sensitive to a 
splitting in the tangential direction, whereas interferometry is, 
development of both methods is important. These experiments 
form a unique test of the equivalence principle’. 

We report here further interferometer measurements. 
Fomalont and Sramek* have measured the total bending of 
microwave radiation by the Sun’s gravitational field. In this 
paper we search for any polarisation splitting based on a 
separate analysis of Fomalont and Sramek’s data taken with 
the four-element interferometer of the National Radio Astron- 
omy Observatory (NRAO). For our analysis fringe phases in 
orthogonal circular polarisations were kindly provided by these 
investigators. They observed three small diameter radio sources, 


the 35-km intermediate baseline interferometer, as the Sun 
passed close to their line of sight. 

Although the baseline is nearly two orders of magnitude 
smaller than the baseline of our previous VLBI measurements, 
the present experiment has produced improved upper limits to 
the differential deflection. There are two main factors respon- 
sible for this improvement. First, the increased phase stability of 
the NRAO interferometer, together with the higher correlated 
flux densities at this angular resolution allow a significant 
increase in signal-to-noise ratio. Second, we were able to observe 
the sources at smaller solar elongations: 0116-4-08 was observed 
to within <1* of the Sun, 0119-11 to within nearly 3°, and 
O111+-02 to within <7°. 

The method of analysis was essentially the same as that 
employed in the VLBI experiment. A fringe phase difference, 
Ag, between the orthogonal circular polarisations, of the form 


was sought, where B,, B, and B, are the baseline components 
in wavelengths, A is the position angle of the splitting, H is the 


Spa 
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Table 1 Upper limits to the polansation splitting a 
Upper limits on K (p = 1°) (95% confidence) 


Tangential splitting Radial splitting 

Kantielockwise Kelockwme Kout Kin 

a Frequency (MHz) (10~ arcs) (10-° arc s) (10— arc s) (10 arc s) 
1 2,695 70 95 70 60 
8,085 35 65 30 50 
2 2,695 110 130 95 75 
8,085 70 60 60 
3 2,695 165 195 90 50 
8,085 110 45 35 


Upper limits to the polarisation splitting are given at a solar elongation of 1°. Clockwise tangential splitting is defined as that seen by an 


obeerver in which right circular polarisation appears ro 


tated clockwise about the Sun away from left circular polarisation. In outward radial 


splitting right circular polarisation appears at greater solar elongation than left circular polarisation. 


hour angle, and 8 is the declination. Any angular splitting, G(p), 
would be expected to depend on the solar elongation, p. 
Simple power law radial dependence of the form G(p) = Kp™ 
(a = 1, 2, 3) was assumed. 

No polarisation splitting was observed. Ninety-five per cent 
confidence upper limits were obtained by calculating x? for 
various assumed values of the splitting. These upper limits are 
given in Table 1 for both frequencies, for both tangential and 
radial splitting, and the different values of n. Three intermediate 
length baselines were obtained by correlating signals from the 
45-foot antenna with those from the three 85-foot antennae. 
These results were not statistically independent and the baseline 
yielding the smallest upper limits was chosen. The upper limits 


in Table 1 are ~ 50-100 marc s at a solar elongation of 1°. -- 


With observations at low solar elongations, the present 
observations yield improved upper limits for any radial de- 
pendence as strong as p~*or stronger. (The previous upper limits 
of Harwit et al! were established for solar elongations of 5° 
and 7.8°, not,5R and 7.8R, as given in Table 1 of ref. 1.) 

This work was supported by a grant from the Research 
Corporation. We extend special thanks to Drs E. Fomalont and 
R. Sramek of the NRAO for allowing us to carry out this 
analysis with their data. We thank Dr M. Harwit for valuable 
advice and discussions. The NRAO is operated by Associated 
Universities Inc., under contract with the NSF. 


; BRIAN DENNISON 
Center for Radiophysics and Space Research, 


j JOHN DICKEY 
National Astronomy and Ionosphere Center, 


` Cornell University, 


Ithaca, New York 14853 


: DAVID JAUNCEY 
CSIRO, Division of Radiopaysics,” 
PO Box 76, 
Epping, NSW 2121, Australia 
Received July 14; accepted September 7, 1976. 
Ba ey Mo oreca R aed a al eal 
2 Fomalont, 


1974) 
, and Scamek, R., Artropays. J , 199, 749 (1975). 





Origin of Olympus Mons Escarpment 
by erosion of pre-volcano substrate 


OF all the large shield volcanoes of Mars, Olympus Mons 
is unique in being fringed by a nearly continuous scarp 
rising 1-4 km above the surrounding terrain’’ (Fig. 1). We 
present evidence that the scarp was caused by preferential 
erosion of fragmentai cratered terrain material previously 
adjacent to, and at present underlying the shield volcano. 
Removal of this material caused undercutting and collapse 


of the shield flanks, producing the observed terraces and 
scarps. 

A previous interpretation for the scarp was prompted by 
the recognition that basaltic lava flows which probably form 
the flanks of Olympus Mons are very resistant to any 
aeolian erosion’. King and Riehle‘ proposed that the vol- 
cano has a layered structure with basaltic Java flows capping 
a base of ash flow tuff deposits which would be readily 
erodable by aeolian processes. Such an origin for the scarp 
is unlikely, since volcanoes with basaltic tops and acidic 
bottoms are not produced typically by terrestrial igneous 
‘processes’. Rather, it is common for differentiation within 
magma chambers of terrestrial basaltic volcanoes to result 
in-late stage eruptions of small volumes of more silicic lavas, 


_as ‘at Mauna Kea, Hawaii’. 


Undercutting such as apparently initiated the formation 
of the Olympus Mons scarp commonly occurs when an 
upper resistant layer is left unsupported through the removal 
of a less competent substrate. It is here proposed that the 
Olympus Mons substrate is a layer of fragmental rubble 
(megaregolith) resulting from repeated fracturing and brec- 
ciation of the surface by intense meteoritic bombardment. 
On the Moon, the cratered terrain megaregolith is 2-4 km 
in thickness’, and a similar thickness may exist on Mars. 

Much of the northern hemisphere of Mars is a smooth 
lava plain with a lower concentration of craters than the 
rest of the planet. We propose that this is not caused by 
any fundamental difference in crustal formation, but rather 
that the original cratered terrain has been stripped off in 
some erosional event, and the exposed surface veneered 
with lavas. It is not understood how this happened, nor 
why the destruction was limited to the northern hemisphere 
of Mars. Nonetheless, cratered terrain was removed leaving 
scattered remnants, and the edge of the cratered terrain is 
presently undergoing erosion’. The northern lowlands of 
Mars are 2-3 km lower than the southern cratered terrain. 
This difference in elevation is nearly the same as the height 
of the Olympus Mons scarp, and about the same as the 
lunar/martian megaregolith thickness. This implies that the 
erosional event removed the megaregolith only and did not 
excavate and remove large quantities of well-consolidated 
basement rock. 

In this model the initial Olympus Mons lavas erupted 
upon cratered terrain, armouring it against later erosion. 
Removal of the cratered terrain megaregolith led to the 
undercutting of Olympus Mons lavas and to the formation 
of the scarp. Thus, the scarp itself is a relic of earlier 
erosion and not caused by the present erosional regime 
which only modifies the original structure. This would 
account for the previously puzzling contrast between the 
severe erosion of the scarp and the minor erosion higher up 
on ‘the flanks of Olympus Mons. In some places (for 
example, the SW flank) later lavas from Olympus Mons 
flowed over the scarp, re-establishing the original slope. On 





the other hand, it seems that lavas from the surrounding 
plain have lapped on to the eastern flank of the volcano. 
Thus, Olympus Mons spans the time interval from before 
the onset of the erosional event to a period more recent 
than the emplacement of the youngest lavas of the sur- 
rounding plain. From crater counts™ this interval is esti- 
mated to have been 2x 10°-2X 10° yr, corresponding to a 
minimum average eruption rate of ~ 107-107? km? yr“, 
For comparison, the eruption rate averaged over the past 
70X10’ yr of the Hawaii-Emperor chain is 1.5 
10° km? yr™! (ref. 11). 
Neither the volcanoes of the Tharsis plateau nor those of 
Elysium have scarps such as bound Olympus Mons. Accord- 
ing to the hypothesis developed here scarps would not form 
unless the ancient cratered terrain substrate was eroded 
away after the initial armouring eruptions. The geological 
map of the Tharsis region” shows ‘hilly material’, inter- 
preted as remnants of cratered terrain, extending out from 
under the Tharsis volcanoes. This demonstrates that the 
cratered terrain was not completely destroyed during the 
erosion episode and thus, the Tharsis volcanoes were not 
undercut and did not develop scarps. Similar circumstances 
occur in the Elysium region. The Elysium dome is fringed 
by irregular rounded hills’? which seem to be the erosional 
remnants of cratered terrain. Apparently, the ancient 
cratered terrain was not completely removed and thus scarps 
were not formed in this region. 
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Fig. 1 Complex relationships between Olympus Mons 
shield volcano and the surrounding lava plain are 
indicated by the embayment of the eastern flank of 
the shield and by mantling of the south-west escarpment 
and plains by shield lavas. The photograph has been 
computer rectified, enhanced and mosaicked at the 
Image Processing Laboratory of the Jet Propulsion 
Laboratory by Karl Blasius and Jim Soha. 
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Correlation of Martian surface heights 


with latitude of polar hood boundaries 


A COMPARISON of Earth-based photography with topo- 
graphic data from Mariner 9 reveals that the winter polar 
hoods on Mars tend to extend further towards the equator 
at lower topographic heights than at higher topographic 
heights. The correlation between latitude of the hood 
boundary and topographic heights is shown in Figs 1 and 2. 
In Fig. 1, contour lines derived from a map by Christensen’ 
have been superimposed on the Lowell Observatory map 
of Martian Albedo Features and Topography’. To the 
author’s knowledge, the Christensen map is the only pub- 
lished map that includes contour lines up to 65°N. The 
dashed lines represent the mean boundary of the polar 
hoods during twelve apparitions between 1905 and 1958, as 
determined from a study of Lowell Observatory’s historical 
photographic collection. The southern hood boundary is in 
close agreement with a map by Capen’ that was made from 
measurements of more recent apparitions (1962-68), while 
the northern boundary agrees well with Mariner imaging‘. 
In Fig. 2, the latitude of the hood boundaries (at 10° 
intervals in longitude) is plotted as a function of topo- 
graphic height. The dashed line was fitted to the southern 
latitude points by least squares. The north hood points were 
then shifted along the ordinate until their average value 
fell on the dashed line. An equally good, if not better, 
correlation is found if one plots the latitude of the boundary 
of the southern hood against atmospheric pressure from 
the work of Conrath et al.°. The hood is found to extend 
farther north over areas of higher pressure than over areas 
of lower pressure. Comparable atmospheric pressure data 
are not available for the Northern Hemisphere. 

The explanation of the phenomenon reported here is not 
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Fig. 1 Averaged boundaries for Martian polar hood clouds during northern and southern winters. The seasonal positions of Mars in its orbit 
that were used are L, 315°-344° for the north and L, 135°-164° for the south. The contour lines give heights in kilometres and have been 
redrawn by C. F. Capen from Christensen’ on to the Lowell Observatory map of Martian Albedo Features and Topography’. 


Fig. 2 Correlation of surface heights with 
arcographic latitude of the averaged bound- 
aries of Martian polar hood clouds, measured 
on red- and green-filter photographs from the 
Lowell collection, taken from 1905 to 1958. 
The latitudinal scales have been offset to com- 
pensate for systematic differences between 
northern and southern winter hoods. The 
dashed line was fitted by least squares to the 
southern hood data. ~, North hood (L, 

315°-344 ); ©, South hood (L, = 135-164 ). 


Northern latitudes 


yet completely clear. Briggs and Leovy* have, however, 
argued that the hood clouds in the zone from 40 to 50°N 
must be water ice, while Farmer has suggested that the 
bulk of the water vapour will be found in the lowest 
atmospheric layers. 
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A granite cliff deep in the North Atlantic 
We report here preliminary results from the detailed 


sampling of granitic basement at a depth of 4,000 m at the 
lower edge of the Armorican continental margin near 48°N 
and 12°W. We consider that we have sampled here the 
extreme lateral limit of the continental crust where local 
exposures emerge from under a cover of Cainozoic, 
Mesozoic and probable Palaeozoic sediments. 

The Goban Spur’, part of the deep continental margin 
off France and the UK, lies between the Celtic shelf and 
the Porcupine abyssal plain ~ 550-km West of Brest and 
Land's End (Fig. 1). A seismic profile of the continental 
slope in this area shows a succession of three main ‘gradins’ 
(steps) with intermediate sedimentary basins (Fig. 2). The 
westernmost and deepest of the steps has a steep south- 
western slope Granite Cliff 4,000 near the 4,000-m isobath. 
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* Twenty km further to the south-west is the marginal hill or 
high named by us Menez Bihan. At each of the three steps 
the substratum appears as an outcrop, passing under the 
sedimentary cover of the adjacent basin. The substratum 
seems to be continuous between the steps; it is 3-5 d.t.t. 
(double travel time) deep to the east of the first step and 8-s 
d.t.t. deep at the foot of the continental slope (Fig. 2). 

In December 1975, with the RV Le Suroit, we dredged 
fragments of granite from the steep slope we now call 
Granite Cliff 4,000 (Fig. 2). On the side of King Arthur 


Canyon, at a depth of 3,000 m, we dredged a pebble con- 
taining fossil material identified as Devonian. To investigate 
further these findings, and to make sure that the granite 
dredged was not erratic, we went back to the area in 
February 1976 with the RV Jean Charcot. 

We made a bathymetric survey to clarify the relationship 
between Granite Cliff 4,000 and Menez Bihan and then 
moored three acoustic beacons on the bottom: two at the 
foot of the cliff and one near the top (all within the circle 
in Fig. 1). The distance between beacons was ~ 6,000 m. 
On board, on a plotting table, the track of the ship and the 
track of the dredge (or camera) on the bottom were then 
followed in real time with a precision of ~ 30m. In this 
manner it is possible to visualise the work of the dredge on 
the bottom and, in combination with the tensiometer, to 
determine with precision the position of breaking-off of the 
rocks. For the seafloor photography, we used both a troika 
(a toboggan that slides on the bottom) and a camera frame 
attached to the cable just ahead of the dredge. 
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The dip of the slope of Granite Cliff 4,000 reaches at least 
30° (the maximum slope which can be detected with the 
conventional 12-kHz precision depth recorder we used). 
The base of the slope is very straight in the studied area 
and this linearity, coupled with the apparent steepness of 
the slope, suggests that it is a fault escarpment. The foot 
of the slope is 4,150-m deep and the top Hes at 3,150m. 
Photographs of the slope show sediments on the lower and 
upper parts. In between, the sediment cover is thin and 
there are round outcrops, some of which show fractures. 
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ae Dredge 
“= Seismic profile illustrated 


Detailed survey area 


Fig. 1 Bathymetric map of the 
Goban Spur area. Depths in 
hundreds of metres. The solid 
straight line shows the location of 
the part of seismic profile OC 203 
illustrated in Fig. 2. 


Four dredgings with the acoustic navigational control 
were made and in each dredge we found blocks of granitic 
rock. Their appearance and the dredge-wire tensiometer 
records indicate that some of the blocks were torn off out- 
crops, and support the evidence from the seafloor photo- 
graphs that we are not dealing with ice-rafted erratics, 
except perhaps for a few associated pieces of dark or light 
granulite, the autochonous origin of which is still in doubt. 
In addition, the presence of all the rocks found can be 
reasonably associated with the setting in which they occur. 

The granitic blocks are more or less weathered and are 
partially covered with ferromanganese crusts up to 12-cm 
thick. They are granodiorites, tending to quartz diorites. 
The minerals present are quartz with undulating extinction, 
biotite (abundant), andesine (abundant, automorphic and 
zoned), potassic feldspar (rather scarce), apatite, zircon and 
opaque minerals (J. Didier, personal communication). The 
fabric is clearly directional, and the biotites are slightly 
curved, 
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Granite Cliff 4,000 
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Fig. 2 Seismic profile OC 203 made by the RV Florence. Location of the profile is shown on Fig. |. Vertical exaggeration is x< 5, 


Similar rocks possibly a little more altered, were dredged 
on the flanks of Menez Bihan (Fig. 2). The apparent con- 
tinuity between Menez Bihan and Granite Cliff 4,000 (Fig. 
2) is thus demonstrated. On geomorphic grounds (Fig. 1) 
it seems probable to us that Menez Braz to the north-west 
is also granitic, but we obtained no samples because of the 
considerable thickness of sediment there. 

In three areas we dredged fragments of old sedimentary 
cover lying above the granitic substratum. From the flanks 
of Menez Bihan we collected a fragment of quartzitic sand- 
stone. The remainder of the dredge-haul was entirely 
granitic Granite Cliff 4,000 vielded numerous samples of 
limestones some of them of possible Mesozoic age. On the 
Pendragon escarpment (Fig. 2), at a depth of between 3,000 
and 2,000 m, the dredge recovered no granite, but a few 
metamorphic rocks and a rich sample of old sedimentary 
rocks: fine green sandstones, marly chalk with veins of 
calcite, grey claystone, sedimentary breccias and quartzite. 
No fauna has been found on preliminary examination, but 
we speculate that the rocks represent Palaeozoic or even 
older sediments. 

The dredging of ‘in place’ granitic rocks at 4,.000m is 
exceptional and has important implications. In geometric 
reconstructions of the early opening of the North Atlantic. 
for example, many authors’ have used a shallower depth 
(1,000 to 2,000 m) and hence a more easterly limit, for the 
edge of the continental crust. The maximum depth of the 
granite is evidently even greater than 4,000 m. Judging from 
the seismic profile (Fig. 2), the probable continuity of the 
granitic substratum between Granite Cliff 4.000 and Menez 
Bihan lies at a depth of 8s d.t.t. (between 6.500 and 
7,500 m). 

To the south-west of Menez Bihan lies a low hill above the 
4.000-m water depth (Fig. 1), Seismic profiles show that the 
basement of this hill is rough: quite different in character 
from that of Menez Bihan. Magnetic records show that the 
east flank of the low hill marks the beginning of a sharp 
anomaly (500x 10°" T) whereas the magnetic profile on the 
continental side of the hill is relatively flat. According to C. 
Williams (personal communication), anomaly 34 (~ 85 Myr) 
passes close by. The hill does not seem to have the acoustic 
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character of an intrusion, and may indeed mark the contact 
between oceanic crust and continental crust’ 

The granodioritic character of the granitic massifs we 
sampled suggests that they are orogenic granites, presum- 
ably of the intrusive type and of deep origin. It is difficult 
to envisage their emplacement during early rifting (90-100 
Myr). None of the granites is alkaline and they are neither 
porphyritic nor strongly deformed. On the other hand, they 
may well be late generation (post-phase 2) granodiorites of 
Hercynian age (J. Didier, personal communication). They 
may represent intrusions in a granulitic basement which 
would explain the rocks belonging to the granulitic facies 
that we dredged from Granite Cliff 4,000 and from Menez 
Bihan. The basement underlying the continental slope itself 
is probably not made up of granodiorites. The latter usually 
appear as intrusions in the Hercynian chains (for example, 
the Armorican massif). 

The oldest sedimentary rocks are epimetamorphic with at 
east two phases of deformation (folding). They resemble 
the Palaeozoic and Upper Precambrian (Brioverian) rocks 
of the Armorican massif (M. Gravelle, personal communica- 
tion). We interpret this evidence as further support for 


arguing that the basement underlying the continental 
margin east of Menez Bihan is probably the older 
Hercyninan basement (granulite with granodiorite 


intrusions). 

The direction of Granite Cliff 4,000 is similar to the 
Pendragon Escarpment (N 30° W) and may be related to 
Hercynian faults’. During the rifting phase of the North 
Atlantic, normal faulting associated with the subsidence of 
the continental blocks probably reactivated these old 
features. During the initial uplift phase, Menez Bihan 
would—in most models—have been on top of the uplifted 
crust and would consequently have been deeply eroded. 
Thus it seems reasonable that we dredged granite and 
Mesozoic limestone on Granite Cliff 4,000 and no Palaeozoic 
sediments. The upper part of Pendragon Escarpment, 
further away, was not, however, eroded to such an extent. 
Subsequently, thermal processes led to inversion of relief, 
with normal faulting along the Hercyntan zone of weakness 
and subsidence of the continental margin. 
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David Needham and Xavier Le Pichon gave us useful 
advice in their reviews of the manuscript. Jean Didier, 
Michel Gravelle, Claude Babin and Annick Pelhate made 
preliminary descriptions of the samples. 
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Infrared polarisability of hexagonal ice 


THE limiting high frequency polarisability, a, of a solid is the 
algebraic sum of the optical, or electronic, polarisability, a., of 
the ions or molecules, and the infrared polarisability, oye, 
caused by the displacement, or vibration, of ions or molecules 
within the lattice. For most solids botha, and ay, are independent 
of volume and temperature, but for anumber of ionic solids and 
for polymorphs of ice, dp is not so. We describe the temperature 
dependence of a of hexagonal ice, and discuss it in terms of 
contributions from anharmonic effects. 

For an isotropically polarisable material, a is given by the 
Clausius~Mossotti relationship 


4 Ea! | 
h AE 4 Ei 
37Na (: -F 5) (1) 


where N is Avogadro’s number, V the molar volume and e,, 
the limiting high frequency relative permittivity of the orienta- 
tion polarisation. V for H,O ice was calculated for a density of 
0.9169 Mg m~* at 270 K, and the average expansivity!~* is 
given in Fig. 1. V for D,O ice was calculated for a density of 
1.0175 Mg m`? at 270 K and Dantl’s® expansivity data. €a 
of HỌ ice for 2-77 K is taken from Gough’s data® and for 
77-273 K from our own’. ¢,, of D,O ice is known only above 
77 K (ref. 8). 

a, for an H,O molecule in ice is 1.5 Å? (ref. 9), and a, for a 
D,O molecule in the liquid phase, calculated from the Lorentz- 
Lorenz equation, is 1.46 Å? (ref. 8), which value is likely to be 
the same in D,O ice. aj (= a~—a,) calculated from these 
values of a and a, for both the ices is plotted against tempera- 
ture in Fig. 2, which shows that the infrared polarisability of 
ice increases with temperature. 


Olin ze Coir” i AT? (2) 





where Goin is the infrared polarisability at O K and A is an 
empirical constant. The values of Gy m and A are 1.64 Å? and 
203x10 Å? K~? for H,O and 1.49 Å? and 2.95= 10~* 
Å? K~ for D,O ice. The T? increase in air, which seems unique 
to hexagonal ice, is attributable to the anharmonicity of 
mechanical and electrical vibrations of H,O molecules, as a 
consequence of which, the force constant of molecular vibrations 
becomes amplitude and temperature dependent. dy 42 can then 
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Fig. 1 The isobaric expansivity, y, of H,O ice plotted against 
temperature. The values were interplotted from, A, Jacob and 
Erk!; W. Powell’, a, Dantl® for bulk expansion; and are as 
given by ©, LaPlaca and Post; and @, Brill and Tippe’ for lattice 
constant expansion. The straight line between 30 and 273 K is the 
‘best’ curve, in lieu of a least square fit which seems inappro- 
priate because numerical data from various authors are lacking. 
Results from refs 2, 4 and 5 have been converted to values for 
polycrystalline ice. 


be interpreted as the infrared polarisability if the lattice vibra- 
tions were entirely harmonic, as Is anticipated at 0 K. 

The anharmonicity of lattice vibrations is also reflected in 
the temperature dependence of heat capacity and expansivity, 
and a consideration of the latter is useful in an analysis of the 
T? dependence of ay. The temperature coefficient of aij, at a 
constant pressure may be divided into two 


Oir | 
3 
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where y is the volume expansivity. (Ca,p/0T); constitutes the 
volume-independent temperature effect and (da,,/OInV)y 
the temperature-independent volume effect. 

Because of the lack of an adequate theory of anharmonic 
effects, the exact relation between y and T is not known. For 
ice, such a relation is further uncertain because of the great 
variation between the reported values of its y, as evident in 
Fig. 1. In the range, 30-273 K, y can still be adequately described 
by the equation, y == y,+-mT, as shown in Fig. 1, although the 
linear relationship is not anticipated to hold near 0 K because 
theory requires that y should be zero at 0 K. ea H,O ice, 











Ya = ~3.6X10 K and m = 739x107 K. Substituting 
for y in equation (3), one Stains 
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By differentiating equation (2) 
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A comparison of equations (4) and (5) suggests that, unless 
(Cayz/@T )y is a linear function of temperature 





ad 


pt 


Nature Vol. 263 October 21 1976 


i lir lir 
ar} Y dinV 
¥ T 
l OGir p 2A 
inv} m 


-For H,O ice, using values of A and m given above, (Otr/ 
d inF)r = 5.49 A® and (Oar/T)y = 1.98 x107 Å? K 

The contribution to (f@m/T)p in equation (3) from a 
temperature change alone, (Oar/2T}v, is positive for ice, as it 
is for ionic crystals of NaCl structure’, but the contribution 
from a volume change, y(Co/?lnV);, is negative at 
T < 50 K and positive at T > 50 K, because y changes sign 
near 50 K (Fig. 1). Near 273 K, y(@ajx/? InV), increases to 
nearly 4 (Ca,,/07),. Thus the difference between the respective 
temperature variation of a), at constant volume and constant 
pressure is substantial near 273 K andall of the increase in Qir 
(and ¢.,.) with temperature results from the associated volume 
change rather than to any explicit dependence on temperature. 

As the nonlinear effects of anharmonic terms in the inter- 
molecular potential, responsible for expansivity, are anticipated 
to disappear near 0 K, y —> 0 as T-»> 0 K. Therefore (Goj,/ 
OT), —- 0 at O K as does (Co,,/0T)p. A complete analysis 
of the interesting features of ay, in the low temperature range 
would require accurate values of y, (@aje2/@T), and (ar/ 
in r, not available at present. The validity of the relation 
between Qm and T? for ice, however, is not likely to be signifi- 
cantly affected by a possible negative value of y below 50 K, for 
the data points below 50 K lie in a relatively small range of 
T’, as shown in Fig. 2. 

The pressure dependence of Qr and € ,, oficecan be predicted 


from 
Öl a Coir 
| d E -e ‘iat (6) 
T T 


where ß is the compressibility. For H,O ice B = 124-1 Mbar A 
(ref. 1Dat20 < T < 273 K, and therefore (Ca,,/@P), = —65.9 
Å? Mbar ~. 
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Fig. 2 The infrared polarisability,@, of O, H,O and @, D,O 

ice plotted against the square of temperature. The relation 

between Qm and T7 is little affected by the variation in the reported 
values of y seen in Fig. l. 
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By differentiating equation (1) with respect to pressure, one * 
obtains 
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A eee w ome ads Jiniasamenee vannamei 7 3 


At 270 K, €x = 3.19 (ref. 7), and therefore from equations 
(6) and (7), (¢¢./@P); = —94 Mbar. Thus, both the 
E w» and ür of ice are anticipated to decrease by ~ 3% kbar 
near 270 K. 

y (ref. 3) and B (ref. 11) for H,O and D,O ice are the same and 
at 270 K, pos 3. 09 a 8) for D0 i ice. -. The Be oi a tor 


aa 3 er 
a JP) = = -— 156 Mbari. The pens in O and £w on 
application of pressure is, therefore, anticipated to be ~ 60% 
more in D,O than in H,O ice. 

The magnitude of the contribution to € from vibrational 
polarisation is directly related to the negative second moment 
of the absorptivity, according to the Kramers~Kronig relation- 
ship (see ref. 7 for details). It follows that the application of 
pressure should either increase the frequency of the major 
absorption bands and/or decrease the absorptivity of the infrared 
radiation in ice. 

The above conclusions are of significance because measure- 
ments of both € and the infrared spectra. of hexagonal ice 
with pressure are difficult, and because it is widely assumed 
that the application of pressure should increase € of ice. 
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The valence of transition 

metal atoms in metallic alloys 

Tue ‘valence’ of transition metal atoms in metallic alloys 
has long been and still is a source of controversy. On the 
one hand, there are measurements such as those of Haworth _ 
and Hume-Rothery'’ which indicate quite small valences, ~ 
there are electron concentration rules in numerous Hume- 
Rothery @ and y phases which indicate ‘zero’ valences, and 
there are measurements (for example, Coppens”) which even: 
indicate _ ips valences, whertas on the other: a 
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e surface (partly filled energy bands)—can be explicitly 
measured in suitable cases, whereas the properties of the 
other group—electrons in filled energy bands lying below the 
Fermi level—are always seen with those of the other group. 
Thus the valence of a transition metal atom in a metallic 
alloy cannot usefully be described by a single number. One 
parameter is required to specify the number of electrons 
contributed to partly filled energy bands in the alloy, 
another to describe those contributed to filled energy bands 
which have mainly d character. A further parameter, 
O<a<1, is required to describe the effectiveness of the 
hybridisation of the filled bands originally derived from d 
states with those originally derived from s (and/or p) states, 
which ensures that the electrons are cohesive (a>Q) even 
though they lie below the Fermi level. Such a description 
does not seem to be basically different to a valence bond 
description that considers the formation of hybridised bond 
orbitals which are derived from d, s and/or p states (see, 
for example, Pauling’; Altman, Coulson and Hume- 
Rothery‘), but it does have the advantage when applied to 
metallic alloys of allowing one to recognise the difference 
between the numbers of itinerant electrons in partly filled 
energy bands and those in filled energy bands, which give 
the differences in physical measurements or estimates of 
valence referred to above. 

Thus it is obvious that in determining the valence of 
Mn, Fe, Co and Ni from phase boundaries in certain alloys, 
Haworth and Hume-Rothery' were measuring properties 
controlled by the number of electrons contributed by the 
transition metals to the partly filled bands. In 8 and y brass- 
type phases where many transition metals are said to be 
‘zero valent’ to satisfy electron concentration rules, the 
outer electrons of the transition metal atoms are in filled 
‘bands below the Fermi level and the valence electrons con- 
tributed by the other component are sufficient to provide 
the required electron concentration in the partly filled 
bands. This is confirmed by the similarity of the Fermi 
surface of B-PdIn to those of -AgZn and B-CuZn, 
indicating in each case, three electrons in partly filled sheets 
of Fermi surface in Brillouin zones one and two (Jan, 
Pearson and Saito“). Since indium contributes three valence 
electrons, the 10 outer electrons of Pd can be regarded as 
occupying filled bands below the Fermi level, and ‘zero 
valence’ is to be interpreted as contributing no net electrons 
to the conduction bands. Similarly an apparent negative 
valence of a transition metal is interpreted as retention of 
some of the valence electrons contributed by the other 
alloying component(s) in filled bands below the Fermi level, 
so that the electron concentration in partly filled sheets of 
Fermi surface (conduction bands) is reduced below the 
number of electrons contributed by the other alloying 
component(s). 

The melting points of the transition metals and their 
heats of atomisation generally rise to a maximum in the 
fifth or sixth Group where the most effective cohesion from 
the outer electrons, is obtained. Although Fermi surface 
studies show the noble metals, Cu, Ag and Au, to have only 
one electron in partly filled bands, the high melting points 
(1,083 °C for Cu) and the heats of atomisation (81.1 kcalorie 
per gram atom at 298.15 K for Cu (Brewer) indicate far 
more cohesion than that obtained from one outer electron 
(20-30 kcalorie per gram atom in heat of atomisation). This 
extra cohesion comes from hybridisation of the bands derived 
from d states with those derived from s and p states so that 
they contribute to cohesion even though they are full and 
lie below the Fermi level. The low melting point and the 
heat of atomisation of Zn (31.2 kcalorie per gram atom at 
298.15 K (Brewer‘)), however, correspond to the two outer 
electrons in partly filled bands and indicate virtually no 
remaining hybridisation of the d bands to contribute to 
cohesion (that is a~Q). 

In summary, then, if V, represents the number of outer 
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electrons contributed by the transition metal to partly filled 
energy bands and FV: the number contributed to filled energy 
bands, V; may, in favourable cases, be determined from 
measurements of properties sensitive to the electron con- 
centration in partly filled energy bands (Fermi surface, 
phase boundaries, etc.) and the number of valence electrons 
contributed by a non-transition element in the alloy. In 
considering properties such as melting points and cohesive 
energy, the contributions of both aV, and Vi are to be 
considered. Thus, for example, although electron con- 
centration rules indicate Vi~0O in -brasses such as AlCo or 
AINi, their high melting points (1,645 and 1,638 °C 
respectively) indicate a sizeable value of aV;, which with 
the three electrons per formula unit contributed by Al, gives 
the large cohesive energy. The classical chemical valences 
of the transition metals (2+, 3+, etc.) are normally found 
in compounds with filled energy bands that are insulators or 
semiconductors. 
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The glass transition 
temperatures of phosphoric acids 


THE vitrification of phosphoric acids is relatively easy, 
a glass often being formed simply on cooling from the 
liquid melt. Special procedures, however, are required to 
crystallise these materials. The glass transition temperature, 
T,, is the temperature above which there is relatively rapid 
molecular motion; below 7, translational motion of molecules 
is inhibited. In standard texts! it is stated that the glass tran- 
sition temperature of orthophosphoric acid, H,PO,, is — 121 °C. 
The source of the determination is not always cited but it 
seems to be that of Kobeko er al.? who determined T, from 
measurements of the temperature dependence of the electrical 
conductivity of phosphoric acid. Although published almost 
40 yr ago there does not seem to have been a more ‘recent 
determination. We present here evidence from  broad-line 
nuclear magnetic resonance (NMR) studies that the estimate 
of —121 °C for the glass transition temperature of ortho- 
phosphoric acid is wrong. A discussion of the interpretation of 
the electrical conductivity of phosphoric acid would be in- 
appropriate beyond observing that several different ionic or 
molecular processes may be responsible for the transfer of 
electrical charges. Thus, an unambiguous determination of a 
glass transition from such data may be far from straightfor- 
ward. 

Broadline NMR spectra are obtained when solids or viscous 
liquids are studied, and the linewidth, 6H, can be interpreted as 
a measure of the extent of molecular motion. With the onset 
of molecular motion the linewidth is reduced; this is because 
of the averaging effect of local molecular motion on the 
magnetic field ‘seen’ by the nuclei, such as the protons in the 
phosphoric acids. 

In Fig. 1 typical proton NMR, +H, spectra are given for a 
sample prepared by dehydration at 300°C of analytical 
reagent grade phosphoric acid, 85-90% H,;PO,;. Experimental 
methods used for the measurement of the NMR spectra are 
similar to those used for the determination of the T, of a—D 
glucose penta-acetate and epoxy resins®*. 
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In experiments such as these the NMR linewidth is deter- 
- mined by the spin-spin relaxation time, Ta, and the linewidth, 
8H, is inversely related to this relaxation time 





where 8H, the linewidth, is measured between the maxima and 
minima of the first derivative of the absorption signal (Fig. 1) y 
is the gyromagnetic ratio and the value of the constant depends 
on the line shape?“*. 
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Fig. 1 First derivatives of NMR absorption spectra for 
phosphoric acid with R = H,O/P,O, = 1.17. a, Rigid glass at 
169 K (—104 °C). b, Fluid liquid at 302 K (29 °C). The line- 
width was determined from at least six repeat spectra. The 


spectrometer modulation was ~ 1/5 6H to avoid modulation 
broadening of the spectra. Measurements taken from ref. 6. 


The change in linewidth with temperature for a phosphoric 
acid glass forming system is given in Fig. 2. At low temper- 
atures the linewidth is large because of dipolar broadening 
because of the presence of other nuclei with magnetic moments. 
Thus, the linewidth is essentially determined by the local 
magnetic fields, Hwe which depend on the local arrangements 
of neighbouring protons. When the temperature is raised 
sufficiently to permit molecular motion, the time average local 
magnetic field, <Hioc>, is reduced. From NMR theory it 
is shown that relaxation processes have longer T, relaxation 
times when molecular motion occurs, and hence the linewidth 
SH decreases when T, increases. 

Several methods have been proposed for the determination 
of glass transition temperatures from the change of linewidth 
with temperature’, all of which yield essentially the same 
estimate of T, when the transition is ‘sharp’. The inflection 
point of the 5H against T curve (Fig. 2) was used to estimate 
T, for these phosphoric acid glasses. The transition illustrated 
in Fig. 2 is very sharp. 

For specification of glass transition temperatures it is 
essential to include the experimental procedure in the opera- 
tional definition of 7,, as was pointed out by Gee ~ 10 yr 
agot. Maklakov and Pimenov? have discussed the relation- 
ships between NMR line narrowing and other methods of 
estimating T, and McCall’ has commented on NMR measure- 
ments of relaxation behaviour and the theories of glass tran- 
sition behaviour. For the present purposes the inflection point 
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Fig. 2 NMR linewidth against temperature for phosphoric. 


acid with R = 1.33. The glass transition temperature Tg is 
determined from the inflection point in the transition region”, 


143 173 


of the NMR linewidth against temperature curve will be 
defined as the glass transition temperature, that is, 7, = Tip 

There are several theoretical empirical mixture rules for the 
correlation of the glass transition temperatures of two come 
ponent systems*?, but none are established unequivocally. Thus, 
to represent the effect of composition of phosphoric acids: on 
their glass transition temperatures it is convenient to plot 7, 
against R, where R is the molar ratio of H,O/P,0,. Use of 
this compositional variable allows inclusion of metaphosphoric 
acid HPO,, R = 1, and normal laboratory reagent 85-90%, 
orthophosphoric acid, R ~ 4. From Fig. 3, it is clear that there 


Fig. 3 Glass transition temperatures against R. 7, was deter- 
mined from NMR linewidth against temperature graphs as 
in Fig. 2. The straight line was fitted by a linear regression 
procedure with the assumption that R was error free and ali the 
error is in Tg, its equation is Ty = 281.1—17.28 Ri F € R <4, 
The correlation coefficient is 0:99,. Data from ref. 6, Re==0 1.17 
and 1.33; ref. 7, R = 2.10,2.78 and 3.95; R == 2.18 (unpublished 
data of BE. and N. A. Miller), A. ref. 11; @ ref. 2. 
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*is a linear relationship between T, and R, when T, is deter- 
mined from the inflection point of the proton NMR linewidth 
temperature curve. 

For the metaphosphoric acid, HPO, with R = 1, T, has 
been determined by Eisenberg™ using a linear variable differen- 
tial transformer to measure the expansion of the sample with 
increase of temperature. There is agreement within 1 K between 
Eisenberg’s determination of 263 K and that calculated from 
the equation given in Fig. 3 with R = 1, even though different 
routes were used for the preparation of the phosphoric acid 
samples. In spite of the complicated crystallisation behaviour 
reported for the metaphosphoric acids subject to different 
thermal treatments' it is clear that either dehydration of 
phosphoric acid at 300°C or equilibration of a mixture of 
phosphorus pentoxide with water, yield products with the same 
glass transition temperature. 

Caution is required in the application of the equation 
(Fig. 3) and it should not be used for values of R < 1. There is 
increasing cross linking as R is reduced below 1, because of the 
formation of trifunctional units through the elimination of 
water by condensation of hydroxy! groups on adjacent chains. 
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Glass transition temperatures are increased by cross linking but 
at present it is difficult to test relationships between glass 
transition temperatures and degree of cross linking. This is 
because reliable methods for the determination of the con- 
centration of cross links may not be available*. Hence because 
of this increase in cross linking the use of the equation in the 
region 0 < R < 1 is inappropriate. For compositions with 
R > 4, experimental determinations of 7, are required before 
it is possible to check on the applicability of this equation. 

When a proton NMR spectrum has a narrow linewidth, 
SH < 0.25 gauss, there must be isotropic reorientation of the 
nuclei at a rate > 10% Hz, so that <A). is effectively zero, 
and the measured line width is determined by the homogeneity 
of the applied magnetic field and other instrumental factors. 
When the signal is broad, 5H ~ 4-5 gauss or more, then the 
protons are in relatively fixed positions. Thus, if a sample has a 
broad line it must be a solid. For these phosphoric acids the 
linewidth is broad, up to 5 gauss, even for the sample with 
R~4at T < 200 K. Thus this sample is a glass at temperatures 
< 200 K. While it is possible for an amorphous material to 
have molecular motion of various types at T < T,, it is not 
possible for a sample to have a broad NMR line at T > T,. 
Therefore, 7, for all these samples must be > 200 K. Kobeko’s 
estimate of 152 K for the glass transition temperature of 
orthophosphoric acid is far too low. 

The use of the definition T, = 7, (Fig. 2) together with 
application of our equation, allows estimation of glass 
transition temperatures in the composition range 1 < R < 4. 
For orthophosphoric acid, R = 3, the predicted glass transition 
temperature is 229-+-2 K. 
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Regenerative failure of double half 


limbs in Notophthalmus viridescens 

Ir HAS been proposed that positional information in epi- 
morphic fields is specified in terms of polar coordinates’, 
where one component of positional information is a value 
corresponding to position on a circle, and the other to 
position on a radius. In the newt limb, the circular sequence 
of positional values lies around the circumference and the 
radial sequence lies in the proximal-distal axis of the limb. 
French et al.' have proposed that various different regulative 
phenomena in such epimorphic fields as insect legs, insect 
imaginal disks, and amphibian limbs can be accounted for 
by two principles of cellular behaviour. The first of these is 
shortest intercalation, whereby any discontinuities in posi- 
tional information are resolved by intercalation of missing 
positional values during growth. The second principle is that 
distal transformation can only take place from a complete 
set of positional values in the circular sequence. Unless a 
complete circle is either present at a site of amputation, or 
can be generated by intercalation from an incomplete circle, 
no regeneration (distal transformation) will occur. These 
principles have been used to account for the number, loca- 
tion, handedness and orientation of supernumerary 
regenerates produced after grafting experiments in am- 
phibians’? and insects’. The results reported here directly 
support the idea that a complete circle of positional values 
in the circular sequence is necessary for limb regeneration 
in adult newts. 

Double half limbs were made in Notophthalmus 
viridescens as shown in Fig. 1. Controls were sham operated 
limbs in which either an anterior or a posterior half of an 
upper arm had been removed and replaced in normal 
orientation. All grafts healed into place rapidly and became 
fully vascularised by an average of 14d after operation. 
The regenerative ability of the controls and the double 
half limbs was tested by amputating through the grafted 
region, close to its distal end, usually after 3-4 weeks, but 
sometimes after 8-9 weeks (eight double half limbs). 

All 18 control limbs regenerated normally (Table 1 and 
Fig 2e), showing that the techniques used do not impair 
regenerative ability, and that an interval of 3-4 weeks 
between grafting and amputation is sufficient for restoration 
of an adequate nerve supply at the amputation plane. When 
double half limbs were amputated, however, regeneration 
either failed or was defective. The results were similar for 
both double anterior and double posterior limbs, and for 
limbs which were amputated 3~4 weeks and 8-9 weeks after 
grafting. Of 16 double anterior limbs tested (Table 1), none 
regenerated normally, and of 18 double posterior limbs, 
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Defective or no Normal 
Limb type Total regeneration regeneration 
Control posterior 11 0 i 
Control anterior 9 0 9 
Double posterior 18 17 ] 
Double anterior 16 16 0 
Half posterior 32 5 27 
Half anterior 30 4 26 
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Fig. 1 Diagram of the grafting 
operation. a, Left and right limbs, 
cut away distally, to show the 
major anatomical features. The 
major muscles of the upper arm 
are the anconeus, coracobrachi- 
alis and humeroantebrachialis. 
A, Artery; N, nerve; V, vein. To 
make a double anterior limb, a 
1.5-mm long section of the 
posterior half of a right upper 
arm was removed by making 
mid-dorsal and mid-ventral in- 
cisions, as well as proximal and 
distal incisions in the posterior 
half of the limb, down to the 
bone. The loosened posterior 
half was pulled away and dis- 
carded. An anterior half limb of 
matching dimensions from the 
left upper arm was grafted on to 
the right limb in place of the 
discarded posterior half. The 
graft was oriented normally with 
respect to its dorso—ventral and 
proximal—distal axes. Double pos- 
terior limbs were made by 
grafting the posterior half of the a 
right upper arm in place of the 
anterior half of the left. b and c, 
Schematic representations of the 
operations to form double anter- 
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ior and posterior limbs. Key LEFT 
positional values in the circular 
sequence are indicated by num- 12/0 


bers from 0 to 12. Operations 
were performed using chloretone 
anaesthesia. In all cases, the 
mid-ventral nerves and = artery 
were left undisturbed on the 9 
limb stump. All grafts were 
stained for 2 min in a 0.05% 
solution of methylene blue in 
Holtfreter solution?! before graf- 
ting. Grafts were held in place 
with small pieces of damp lens 
paper, and the operated animals 
were kept cold (10°C) for 2d. 
Between the time that the animals 
were removed from the cold and 
the time that their limbs were 
amputated, they were kept at 
room temperature (20 "C). There- 
after they were maintained at 
25°C for the remainder of the 
experiment (2-2.5 months). 


DOUBLE ANTERIOR 


only one formed.a normal distal regenerate. The range 
of skeletal structures formed by the double half limbs 2~2.5 
months after amputation varied from little more than a 
cartilaginous cap on the cut end of the humerus (Fig. 2c) 
or a small separate cartilaginous nodule (Fig. 25) to 
several small skeletal elements arranged in series (Fig. 2a 
and d). These results provide support for the hypothesis of 
French er al.’ that a complete set of positional values in the 
circular sequence is necessary for distal transformation in 
amphibian limbs. The results of preliminary experiments 
performed on Ambystoma tigrinum by Stocum (personal 
communication) confirm this main result in another species 
of amphibian. 

Previous experiments’’’ provide further support for the 
complete circle rule in amphibian limbs. Limbs rendered 
incapable of regeneration by X irradiation could be caused 
to regenerate if they were provided with a normally oriented 
cuff of non-irradiated skin, that is, one containing a com- 
plete set of positional values in the circular sequence. It 
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was also shown, however, that a cuf of skin which was 
oriented so that only a single ‘quality’ (that is dorsal, ventral, 
anterior or posterior) was present at the amputation site 
could not cause X-irradiated limbs to regenerate, Although 
the amount of non-irradiated tissue available for regenera- 
tion was the same in both instances, regeneration occurred 
only when this tissue was oriented so as to produce a com- 
plete set of positional values in the circular sequence at the 
amputation site. 

Further evidence for the relationship between a complete 
circle and normal distal transformation comes from the 
lateral supernumerary regenerates which sometimes formed 
in the ee eRe En Soa ae In io of i fig ics 


limb were initiated at the a ate icit jor 
the limb was amputated through the distal T G10 he 
graft. A complete, lateral circle of positional values is 
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created at this position in the experimental limbs (Fig. 3), 
with half of the values provided by the host and half by 
the graft. Preliminary evidence from similar grafts made 
in axolotls indicates that such supernumerary limbs con- 
tain cells of both host and graft origin (my unpublished 
results with Krasner). 

The details of the mechanisms involved in distal trans- 
formation, and the need for a complete set of values in the 
circular sequence are unknown. In spite of their failure to 
complete distal transformation, in these experiments all 
double half limbs initiated regeneration. Except for one 
case, however, none proceeded beyond the stage of late 
bud* and the majority were arrested at earlier stages. 

A possible alternative interpretation of the failure of 
double half limbs to regenerate normally is that they have 
an insufficient number of nerve fibres at the site of amputa- 
tion. This explanation is untenable for several reasons. 
First, the major mid-ventral limb nerves were left intact in 
all cases (Fig. 1). Second, control limbs always regenerated 
normally. Third, doubling the interval between grafting and 
amputation from 3—4 weeks to 8-9 weeks, to allow even 
longer for innervation to occur, did not alter the regenera- 
tive performance of double half limbs. Finally, more 
evidence comes from a multiple grafting experiment in 
which a double anterior limb is made, left to become vas- 
cularised and innervated, then the original host anterior 
half is replaced by a grafted posterior half, to form a 
reversed but normal limb. When such limbs are amputated 
after an appropriate interval, regeneration of a disharmonic 
limb occurs as expected from the reversed but complete 
limb stump (my unpublished results). These preliminary 
results, in addition to the other evidence cited here, indi- 
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Fig. 2 Skeletal preparations of 
control and experimental limbs, 
prepared by the Victoria blue 
technique'* 2-2.5 months after 
amputation. a and b, Double 
anterior limbs. c and d, Double 
posterior limbs, showing the 
spectrum of structures produced 
at the distal amputation site. In 
(d) a lateral supernumerary 
regenerate (arrow) has developed 
from the proximal graft—-host 
Junction, e, A control limb in 
which the posterior half of the 
upper arm had been removed and 
replaced. 


cate that the ability of double half limbs to become ade- 
quately innervated is not impaired, and that this alternative 
interpretation of the failure of double half limbs to 
regenerate can be rejected. 
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Fig. 3 Diagram of a double posterior limb stump indicating the 

complete circle of positional values at the proximal graft-host 

junction. The placement of positional values around the circum- 

ference is slightly non-uniform, as suggested by previous results 

and discussed in ref. 2. The graft is shown to be shorter than it 

actually is in order that the proximal graft—host junction can be 
clearly visualised. 
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In these experiments the regenerative ability of half 
limbs was also examined (Table 1). In each animal in which 
one double half limb was produced, the limb from which 
the graft was taken remained as a half limb, either half 
anterior or half posterior. These half limbs, as well as half 
limbs produced on both forelimbs of the same animal were 
either amputated immediately through the most distal 
portion of the half limb, or amputated 3-4 weeks later. 
Most of these limbs developed complete and normal re- 
generates, thus confirming earlier findings that half limbs 
can regenerate normally’* or relatively normally’. The 
initial outgrowth did not arise at the most distal cut end 
of the half limb, but was eccentrically located towards the 
distal end of the lateral wound edge. During the later stages 
of regeneration, the regenerate became more symmetrically 
disposed until by the stage of late digits, little or no asym- 
metry could be detected. A tentative interpretation of this 
finding is that the eccentric location of the initial outgrowth 
is the position on the wound surface at which cells com- 
prising a complete circle of positional values come together 
during wound healing from the proximal and distal half 
limb stumps. This possibility is being investigated. 

The many similarities between the regulative behaviour 
of insect and amphibian limbs have led to the hypothesis 
that the mechanisms of pattern regulation in these distantly 
related organisms are the same’. This idea is strengthened 
by the similarity of the results reported here to those 
reported by Bohn" with double dorsal and double ventral 
cockroach legs. 
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Detection and repair of 
single-strand breaks in nuclear DNA 


DirectLy or indirectly phosphodiester bonds in DNA are 
broken when living cells are irradiated by ionising radia- 
tions or ultraviolet light. There are various sophisticated 
techniques for monitoring radiation damage" ®. We describe 
here how radiation damage in DNA and its repair can be 
detected simply in the white cells of human blood. The 
method is very sensitive and should prove useful in screening 
populations for abnormal repair mechanisms. As there is 
also great interest in methods for detecting environmental 
agents that damage DNA’, we have applied the method to 
detect the damage caused by mitomycin C. 
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We have described our technique for detecting the damage , 
caused to the nuclear DNA of HeLa cells by very low doses 
of y rays and also for monitoring the repair of this 
damage’. When cells are lysed in the presence of non- 
ionic detergents and high salt concentrations, structures 
resembling nuclei—called nucleoids-—are released, These 
nucleoids contain nearly all nuclear RNA and DNA, but are 
depleted of nuclear proteins. Their DNA is supercoiled 
and compact so that the nucleoids sediment more rapidly in 
sucrose gradients than their y-irradiated counterparts which 
contain extended DNA with single-strand breaks or nicks. 
Repair of the breaks restores the DNA to its original con- 
formation and re-establishes the normal sedimentation rate. 
We monitor DNA integrity by measuring the distance 
sedimented by nucleoids in sucrose gradients. 

Nucleoids are released immediately on addition of white 
blood cells to a lysis mixture containing the non-ionic 
detergent Triton X-100 and 1.95M NaCl. The effects of 
the intercalating dye, ethidium bromide (EB), on the sedi- 
mentation of nucleoids derived from white blood cells was 
studied by spinning the nucleoids through sucrose gradients 
containing 1.95 M NaCl and different concentrations of the 
dye (Fig. 1). The distance travelled by the nucleoids is 
expressed as a ratio relative to that travelled by unirradiated 
nucleoids sedimenting in the same conditions but in the 
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Fig. 1 Effect of EB on the sedimentation of nucleoids from 
human white blood cells. The distance sedimented by nucleoids 
in gradients containing different concentrations of EB is ex- 
pressed as a ratio relative to that of unirradiated nucleoids 
sedimenting in the absence of EB. @, Unirradiated nucleoids; 
©, nucleoids y irradiated (960 rad, 120 rad min) after 
addition of cells to the lysis mixture”; A., unirradiated nucleoids 
from a patient with xeroderma pigmentosum. Error bars give the 
standard error of the mean. Human white cells were obtained 
from peripheral blood’? and cultured in RPMI 1640 medium 
supplemented with 20% foetal calf serum (Flow Laboratories). — 
Between | and 5°% of the cells prepared in this way are red cells, 
the remainder are almost all lymphocytes, The results obtained 
with blood from four normal males and two females were pooled. 
In some cases white cells stored in medium on ice for 24 h were 
used; the sedimentation properties of nucleoids prepared from 
such cells were similar to those obtained from freshly isolated 
cells. Samples of 50 ul of a suspension containing between 2 and 
§ x 10° cells in phosphate-buffered saline (PBS) were layered on 
150 ul of a lysis mixture floating on top of “isokinetic” sucrose 
gradients*, Gradients (15-30% sucrose, 46ml, pH 8.0) 
contained 1.95M sodium chloride, 0.01 M Tris, 0.001 M EDTA 
in addition to various concentrations of EB. The lysis mixture 
contained sodium chloride, EDTA, Tris and Triton X-100 in 
amounts which, on addition of | volume of PBS containing cells 
to 3 volumes of the mixture, gave final concentrations of the 
constituents of 1.95 M, 0.1 M, 2mM and 0.5%, respectively. 
(For the purpose of calculating the final concentration of sodium 
chloride, the contribution of the PBS is neglected). Fifteen min- 
utes after the addition of the cells to the lysis mixture, gradients 
were spun at 30,000 r.p.m. for 25 min at 20°C in the SW50.] 
rotor in a Beckman L2-65b ultracentrifuge. After the gradients 
had been spun, the position of the nucleoids in the gradient was 
determined by their absorbance at 254 nm, One gradient of the 
six spun in the rotor served as a reference; the distance travelled 
by nucleoids in other tubes is expressed relative to the distance 
sedimented by nucleoids in the reference tube”, 


° absence of EB. As the concentration of EB in the gradient 
is increased, the distance travelled by nucleoids falls to a 
minimum and then rises again. y Irradiation reduces the 
sedimentation rate of the nucleoids and abolishes the 
biphasic response to EB. The shape of a similar curve 
obtained with HeLa nucleoids is discussed elsewhere’. As 
the sedimentation rate of supercoiled DNA varies in this 
characteristic biphasic manner”, we conclude that nucleoid 
DNA is supercoiled. Irradiation introduces single-strand 
breaks into the DNA so that supercows are lost. 
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Fig. 2 Effect of incubation of white blood cells after y irradiation 
on nuckeoid sedimentation. The distance sedimented by nucleoids 
a cir AIRAA FEIS ir STENO ack ig EB is expressed as a ratio 
relative to that of n ids from unirradiated cells which had 
been treated aimilarty. White cells (2x 10° per ml in medium) 
were irradiated (960 rad)’, and incubated for different times at 
37 or 4°C. They were then added to 10 si of ice-cold 


PBS, pelleted and resuspended in ice-cold PBS Samples of 50 ul 

were applied to gradients which were then spun and analysed as 

described in the legend to Fig. 1. Error bars give the standard 

error of the mean. Normal white blood alle. irradiated and 

incubated at 37 °C (@) or 4°C (O). White cells from a patient 

with xeroderma pigment irradiated and incubated at 
37 aC (H). 


Repair of the damage caused by y irradiation was studied 
by irradiating white blood cells (960 rad) and then incubat- 
ing them for different periods before applying them to 
gradients lacking EB and then measuring the sedimentation 
rate of the nucleoids. (A dose of 960 rad reduces the 
cloning efficiency of HeLa cells by 99% (ref. 8.)- Incubation 
at 37 °C after irradiation, but mot at'4 °C, increased the 
sedimentation rate of the nucleoids (Fig. 2). After 5h, the 
sedimentation rate had been restored almost to that of un- 
irradiated nucleoids, and the nucleoids from the irradiated 
cells had regained their biphasic response to EB (Table 1). 

These techniques have been extended to include measure- 
ments.on the effects of ultraviolet light. Repair of damage 
induced by wtraviolet light involves cutting one strand of 
the DNA duplex (‘incision’), removal of the principal 
photoproduct, the thymine dimer ‘(“‘excision’’), synthesis of 
DNA complementary to the unaffected strand and 
“ligation” of the final phosphodiester bond to restore the 
intact duplex’. HeLa cells were irradiated (25 erg mm’) 
and incubated for different times at 37 °C before the sedi- 
mentation rate of nucleoids isolated from them was 
measured in gradients lacking EB (Fig. 3a). (A dose of 
25 erg mm™° reduces the cloning efficiency of HeLa cells 
by 24% (our unpublished results).) Irradiatton without sub- 
sequent incubation at 37 °C reduces the rate of sedimenta- 
tion. This probably results from the single-strand breaks 
induced by the highly active incision enzymes of HeLa cells 
during the time taken to concentrate the cells before they 
are lysed. (Although the formation of a thymine dimer in 
DNA unwinds the double helix by 5-6° (ref. 12), the sedi- 
mentation rate is unlikely to be reduced by such unwinding 
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in the absence of strand scission because irradiation of 
isolated nucleoids with high doses of ultraviolet light does 
not alter the sedimentation rate (our unpublished results).) 
Incubation of the cells at 37 °C for 5 min after irradiation 
reduced the rate of sedimentation of the nucleoids further, 
whereas incubation periods greater than 20 min increased 
the distance sedimented until it became indistinguishable 
from that of the unirradiated controls. We conclude that 
after irradiation, incision initially leads to a partial loss of 
supercoils in nucleoid DNA, but then ligation restores 
supercoiling (Fig. 3a). 

A measure of the damage caused by different doses of 
ultraviolet light is given by the distance sedimented in the 
absence of EB by nucleoids after the irradiated cells had 
been incubated for 5 min at 37 °C to maximise the number 
of strand breaks (Fig. 4). As radiation dose increased, the 
distance sedimented decreased progressively. 

The damage caused by ukraviolet light is repaired much 
more slowly in white blood cells than in HeLa cells. Strand 
breakage and loss of supercoiling were maximal 2h after 
irradiation. The normal supercoiled configuration was not 
fully recovered after 15.5 h (Fig. 3b and Table 1). There was 
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Fig- 3 Effect on nucleoid sedimentation of incubating (a) HeLa 
and (6) human white blood cells at 37 °C after irradiation 
with ultraviolet light. a, Human HeLa cells were 
pension®. 05 ml of cells (2 x 10% per ml) in ice-cold medium in 
a Petri dish were irradiated (25 e -1 5 erg mm? 37!) 
with ultraviolet light while ee dish w was shaken vigorously. 
The source of ultraviolet light was a Sylvania germicidal tube 
(G 15T8). Doses were measured with an ultraviolet meter?*. 
After irradiation, cells were med with 4.5 ml of medium at 
37 °C and incubated in the dark at 37 °C. At the end of incu- 
bation the cells were mixed with 9 volumes of ice-cold PBS, 
pelleted and resuspended in ice-cold PBS. Samples of 50 ul of the 
cell suspension were applied to sucrose gradients lacking EB. 
Gradients were spun at 5,000 r.p.m. for 50 min and analysed 
as described in the legend to Fig. 1. The distance sedimented by 
nucleoids derived from irradiated cells is expressed as a ratio 
relative to the distance sedimented by nucleolds derived from 
cells treated similarly but which had not been irradiated. Error 
bars give the standard error of the mean. b, The experiments 
with white blood cells were similar to those with HeLa cells except 
that media and spinning conditions were different (see 
legend to Fig. 1). @, Normal white blood cells, irradiated and 
incubated at 37 °C: O, normal white blood cells, irradiated and 
incubated at 4°C; W, white blood cells from a patient with 
xeroderma pigmentosum, irradiated and incubated at 37 °C. 
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Table 1 Effect of different treatments on supercoiling in the nucleoids from white blood cells 
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Relative distance sedimented by nucleoids 
in the presence of EB 


Treatment Opgmi™ 2pgmi-? 4pgmi* 16 pgml™ 
Untreated 1.0 0.53 0,59 0.73 
4-h incubation at 37 °C after y irradiation (960 rad) 0.82 0.53 0.66 0.65 
2-h incubation at 37 °C after ultraviolet irradiation (25 erg mm7?) 0.39 0.39 — 0.35 
15.5-h incubation at 37 °C after ultraviolet irradiation (25 erg mm ~?) 0.84 0.58 - _ 0.68 


Nucleoids obtained from cells treated in different ways were spun in gradients containing different concentrations of EB. The distance 
sedimented by nucleoids from treated cells is expressed as a ratio relative to that of nucleoids from untreated cells sedimenting in the absence 


of ethidium. The conditions used for the untreated cells, and cells irrad 


Figs 1, 2 and 3, respectively. 


little change in the sedimentation rate of nucleoids when 
the irradiated cells were incubated at 4 °C (Fig. 3b). 

Cells from patients with the autosomal recessive disease, 
xeroderma pigmentosum can repair the damage caused by 
ionising radiation but cannot effectively repair DNA 
damaged by ultraviolet light. Some forms of this disease are 
thought to be characterised by deficiency in “incision” 
activity’. Nucleoids prepared from the white cells of our 
patient sedimented in gradients containing EB exactly as 
the nucleoids from normal cells (Fig. 1). In the absence of 
EB the sedimentation behaviour of nucleoids prepared from 
y-irradiated cells was also indistinguishable from that of 
nucleoids prepared from normal cells that had been 
irradiated (Fig. 2): the patient’s cells could thus repair y-ray 
damage. On the other hand, irradiation with ultraviolet 
light affected normal cells and those of the patient dif- 
ferently (Fig. 36). When the patient’s cells were irradiated 
with ultraviolet light and incubated at 37 °C the sedimenta- 
tion rate of the nucleoids in the absence of EB was not 
reduced as much as that of controls : the patient’s cells were 
unable to “incise” normally and the nucleoids retained 
supercoils and sedimented rapidly. 

Mitomycin C is a carcinogen’. After activation by cellular 
enzymes it cross links DNA strands without breaking them. 
Strands are broken only when the damaged region is 
removed by repair enzymes". We investigated the effects 
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Fig. 4 Effect of different doses of ultraviolet radiation on the 
sedimentation of HeLa nucleoids. HeLa cells were irradiated for 
5 s with different doses of ultraviolet light, incubated for 5 min 
at 37 “C, applied to sucrose gradients lacking EB and the gradients 
were spun and analysed (see legend to Fig. 3). The distance 
sedimented by nucleoids derived from irradiated cells is expressed 
as a ratio relative to the distance sedimented by nucleoids derived 
from cells which had been treated similarly but which had not 
been irradiated. Error bars, s.e.m. 


of mitomycin C on the integrity of DNA by incubating 
white cells at 37 °C for 2h in different concentrations of 
the drug, lysing the cells, and determining the rate of sedi- 
mentation of the nucleoids in the absence of EB (Fig. 5). 
Low concentrations of the drug had no effect on the distance 
sedimented, higher concentrations reduced it. At the high 
concentrations, strand breakage caused loss of supercoiling 
and slow sedimentation. The effects of lower concentrations 
can be detected by incubating the cells with the drug for 
longer periods (our unpublished results). If, after a 2-h 
exposure to the drug, the cells were washed and incubated 


iated with y rays or ultraviolet light are described in the legends to 


in its absence at 37 °C for 15.5h, faster sedimentation was 
restored, repair of the damage restored normal supercoiling. 

We have made nucleoids containing superhelical DNA 
from a wide range of cells (fibroblasts, lymphoblasts, ery- 
throblasts, teratocarcinoma and epithelial cells of men, 
mice, birds, amphibians and insects (ref. 9 and our un- 
published observations)), so that these methods for detecting 
single-strand breaks in DNA should be applicable to most 
cells. 


Ratio 
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Fig. 5 Effect of mitomycin C treatment of white cells on the 
sedimentation of nucleoids in gradients lacking EB. White cells 
were incubated for 2 h at 37 °C (see legend to Fig. 1) in the 
presence of different concentrations of mitomycin C (Boehringer). 
Some cells were then collected and applied to gradients immedi- 
ately and the gradients were spun and analysed (see legend 
to Fig. 1). Other cells were washed twice with medium, resuspen- 
ded at 210° per ml in medium lacking mitomycin C and 
incubated a further 15.5 hat 37°C. They were then collected and 
treated as the others.. The distance sedimented by nucleoids 
derived from cells treated with mitomycin C is expressed as a. 
ratio relative to the distance sedimented by those derived from 
untreated cells. Error bars, s.e.m. @, Cells incubated for 2 hin 
the presence of mitomycin ©. ©, Cells incubated for 2 h in 
the presence of mitomycin C, washed and then incubated for a 
further 15.5 h at 37 °C. 


Using white cells obtained from human blood taken in 
the morning, we can assess by the evening whether repair 
of damaged DNA in the cells is normal. While doses of 
960 rad (y rays) or 25ergmm™ (ultraviolet light) produce 
the large effects described in these experiments, much lower 
doses (that is, 12 rad and 5 erg mm’) can be detected. The 
method should therefore be particularly well suited to the 
rapid screening of patients for deficiencies in the mech- 
anisms that repair radiation damage. 

Many carcinogens and mutagens break phosphodiester 
bonds in cellular DNA either directly or indirectly after 
enzyme action. Breakage, which can be demonstrated by: 
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conventional physical techniques“ probably increases repair 

synthesis” and recombination’*. Agents that break DNA 

can be detected in nucleoids with the sensitivity, rapidity 

and economy usually associated with the use of bacteria’. 

There may well be advantages in using human cells in any 

screening method for detecting potential human carcinogens. 
We thank Dr F. Giannelli for help and for white blood 

cells from a patient with xeroderma pigmentosum, and 

Professor H. Harris for support and encouragement. We 
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Evidence of a thymic abnormality 
m murine muscular dystrophy 


THE involvement of the thymus in muscular, neuromuscular 
and neurological disorders is well documented’. In spite of 
the extensive study made of the thymus in myasthenia 
gravis, which, as a neuromuscular disorder with clinical 
symptoms of muscular weakness, shares some similarities 
with muscular dystrophy, the state and function of the 
thymus in muscular dystrophy has been ignored. The poor 
health and susceptibility to infection of dystrophic mice 
have frequently been observed. These observations and the 
similarities between dystrophic wasting and that seen in 


mice thymectomised pre- or neonatally’, led us to the con-- 


clusion that an investigation into the status of the thymus 
in murine muscular dystrophy was warranted. We have 
found that the thymuses of dystrophic mice exhibit changes 
in the age-dependent variation in thymic weight, together 
with aberrations in cellular morphology indicative of altered 
secretory activity. 

Male and female dystrophic mice of the Bar Harbor 
129/ReJ strain were killed by cervical dislocation at various 
ages, their thymuses, spleens and elbow lymph nodes 
removed, dissected free of fat-and connective tissue, 
weighed and fixed in 10% formolsaline or methanol, The 
thymuses, spleens and lymph nodes from clinically normal 
littermates, and also from a non-dystrophic strain of mice 
(CBA), were used for comparison. The organs were paraffin 
embedded and subjected to routine haematoxylin—-cosin 
staining procedures. Unna—Pappenheim staining was also 
used". The histology of random single sections of these 
organs was then compared. 

For an initial indication of thymic status, the thymus 
weights of normal and dystrophic mice were compared. It 
is not possible to compare thymic indices in these animals 
because of the selective wasting of hind limb muscle in 
the dystrophic mouse. Generally, mm thymuses have 
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been found to decline in weight from 4 to 12 weeks of 
age; the thymuses of the normal littermates followed this 
trend. In dystrophic mice, the thymic weights were at 
first much lower, but then increased with age, reaching a 
maximum at approximately 9 weeks of age, at a weight 
comparable to that of the normal mouse at 4-6 weeks of 
age. The thymic weights of the dystrophic mice then slowly 
declined to a level approaching that of their normal litter- 
mates at 12 weeks of age (Fig. 1). In all strains of mice so 
far studied, there has been to our knowledge, no report 
of a similar weight gain to 9 weeks of age, the predominant 
pattern being an increase in weight to 4 weeks of age, 
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Fig. 1 Thymus weight as a function of age in normal and 
dystrophic mice. Thymus weight (mg)-+s.d. Normal mice, 
4-7 animals per group. Dystrophic e, 2—6 animals per group. 


followed by a gradual, but definite, decrease in weight 
which continues throughout the life span of the animal’. 

This anomaly led us to consider the histology of the 
thymus of dystrophic mice. As shown in Fig. 2, this also 
differed dramatically from the normal. While the normal 
littermates showed no abnormalities of basic thymic 
morphology, a number of the dystrophic animals studied ex- 
hibited remarkable alterations of ‘thymic cellular compo- 
s:tion. In the main, this consisted of a depletion, and in 
some cases, total absence of lymphocytes from lobules of 
the thymus, these being replaced by epithelial cells which 
showed very marked signs of secretory activity’. In ex- 
treme cases, the epithelial cells had formed themselves into 
classical, though duct-less acini, surrounding a material 
which did not stain in the conditions used. These drastic 
changes in thymic composition were found in young (3-8 
weeks of age) dystrophic mice which were severely affected 
by the disease, as evidenced by the degree of disability. In 
older animals, and those less severely affected, the thymus 
showed less dramatic changes. These consisted of an 
apparent-relative increase in medullary area over cortical 
area and a loss of distinction of the cortico—medullary 
junction. The change in, the ratio of medulla to cortex 
could be due to an increase in medullary tissue or a 
decrease in the number of lymphocytes populating the 
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Fig. 2 Histology of thymuses from normal and dystrophic 
mice. a, Thymus from clinically normal littermate. The cortico- 
medullary junction is distinct; few epithelial cells can be detected 
in the cortex which is tightly packed with lymphocytes. Haemo- 


toxylin and eosin, 10.4. b, Thymus from severely affected 
dystrophic mouse. The three lobules shown were enclosed by a 
continuous capsule of thymic epithelium. The lobule on the 
left most closely resembles the normal state, but even here, 
patches of lighter staining cells can be seen in the outer cortex. 
The lobule on the right represents an intermediary stage in 
which the loss of definition of the cortico—-medullary junction, 
the depletion of the lymphocytes present in the lobule, and the 
apparent increase in the number of epithelial cells, was the 
earliest and most consistent observation. The centre lobule 
shows the most extreme degree of alteration, having no resem- 
blance to the normal thymus. The nuclei of what are presumed 
to be epithelial cells because of the presence of cytoplasm 
around the nuclei form a rim around an accumulation of poorly 
staining material, the chemical nature of which is unknown. 
Haemotoxylin and eosin, x 10.4. 


cortex. As the packing of lymphocytes in the cortex was 
noticeably less dense, the latter explanation seems more 
probable. The cortico—-medullary junction, which is normally 
quite distinct, was indefinite in dystrophic mice, the change 
from medulla to cortex taking place over a much larger 
area than is seen in the normal littermates. In some 
thymuses from dystrophic mice an infiltration of epithelial 
cells from the outer rim of the cortex, into the cortex, was 
also seen. The main changes seen in the thymuses in this 
study are summarised in Table 1. 

As all these findings indicated a loss or lack of lympho- 
cytes in the thymus of dystrophic mice, the spleen and 
lymph nodes were investigated as possible recruiting areas 
for the missing lymphocytes. Dystrophic spleen weights 
were found to differ from those of normal mice, the spleens 
of dystrophic mice being consistently smaller at all ages 
than those of their normal littermates (Fig. 3). It was also 
noted that while spleen weights of normal mice generally 
exhibited a certain variability, reflecting the ability of the 
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individual animals to respond to infectious agents and other e 
stimulants of the immune system (splenomegaly), the 
spleen weights of the dystrophic mice were relatively con- 
stant. Investigation of splenic histology did not reveal any 
gross differences between normal and dystrophic mice. 
It was, however, noted that no germinal centres, as detected 
by Unna—Pappenheim staining, were seen in the spleens of 
dystrophic mice, although they were often found in the 
spleens of normal animals. The lymph nodes of dystrophic 
animals seemed to contain fewer lymphocytes and relatively 
more endothelial cells than the lymph nodes of normal 
animals. 

These observations and the peculiarities of thymic weight 
and thymic histology all indicate a possible defect in 
function of the immune system in dystrophic mice. The 
altered morphology of the thymuses of dystrophic mice 
indicate an abnormal secretory activity of the epithelial 
cells of the thymus. These cells have been implicated as the 
site of synthesis and secretion of thymus hormones in 
normal mice*’*. A wide variety of actions have been ascribed 
to thymic hormones; notably, these include both potentiat- 
ing and inhibitory actions on all immune functions, the 
capability of interacting with a variety of other endocrine 
hormones, and hence actions on growth, muscle regenera- 
tion and the capacity of the animal to respond to disease’’. 
If, as the evidence suggests, there is a defect somewhere in 
the system of thymic hormones and/or their actions, this 
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Fig. 3 Spleen weight as a function of age in normal and dys- 

trophic mice. Spleen weight (mg)+s.d. Normal mice, 4-7 

animals per group. Dystrophic mice, 4 animals per group. The 

large variation in spleen weight of normal mice observed at 

8.5 weeks of age is interpreted as a reflection of the capacity of 

these mice to undergo splenomegaly (see text). O, normal; 
W. dystrophic. 
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could explain a well known, but generally ignored, charac- 
teristic of murine muscular dystrophy. The disease has a 
random clinical onset and remarkably variable progression, 
some animals dying at 3 weeks of age, others surviving to 
6 months. If this disease has an hormonal basis, then 
individual animals would be expected to have different 
capacities to compensate for an hormonal excess or in- 
sufficiency, inactivity or hyper-reactivity, by alteration of 
other hormones with which the affected hormone interacts. 
The intricacies of such interaction and compensation 
between endocrine hormones, and the variation between 
individuals has been reviewed"’. Furthermore, the finding 
that the thymus weights of dystrophic mice follow an age- 
pattern different from that of normal mice, regardless of 
severity of disease, or extent of thymic abnormality, sug- 
gests that the thymus is abnormal in all dystrophic mice. 
The effect and extent of this abnormality may be defined by 
a more complex system, which is individually determined. 
In this connection, it is worth noting that, as remarked 
previously, gross signs of epithelial secretion in the thymus 
were detected only in those dystrophic animals severely 
affected early in life. In particular, the thymuses of two 3- 
week-old mice which were close to death from the dystro- 
phic process, were totally epithelial in nature and with 
a marked degree of secretory activity evident. 





Table 1 Histological features of thymuses from normal and 
dystrophic mice 


Histological features 
* without distinct 


No. of cortico—medullary % showing signs of 
mice °% normal junction epithelial secretion 
+/? 40 90 10 5 
dy/dy 45 4 96 29 
CBA 10 100 0 0 





The percentage of abnormalities seen in clinically normal animals 
(+/7) may be explained by the uncertainty inherent in selecting as 
normal all animals which do not show overt clinical symptoms of 
dystrophy. It is possible that in doing this, animals which are dys- 
trophic but have not yet developed the clinical symptons, may be 
classified as normal. It is for this reason that the CBA mice were 
included in this study. Further investigations are being made on the 
thymus of the homozygous normal Bar Harbor 129/ReJ strain of 
mice, 


The effect of the thymus on immune mechanisms is most 
marked in mice in neonatal and early postnatal! life (up to 
4 weeks of age); thereafter the influence of the thymus on 
immunological capacity declines. Also, the signs of epi- 
thelial secretion noted in the thymuses of dystrophic mice 
at various ages after 2 weeks of age, are similar to those 
found by Clark in normal mice from birth up to an age of 
2 weeks’. 

The alteration of thymic weights have been independently 
confirmed by D. F. Horrobin and R. A. Karmali (see follow- 
ing paper), who found alterations in the responses of 
thymuses from dystrophic animals to prolactin, and to the 
suppression of prolactin secretion. 

On the basis of these observations, it is postulated that 
the thymus in murine muscular dystrophy is functionally 
altered, and that this alteration probably results in the 
abnormal secretion of one or more thymic hormones. 
Whether this altered secretion is due to a malfunction 
within the thymus itself or to a disorder of a system inter- 
acting with the thymus, is not known. This and many 
other possible avenues are yet to be investigated. Further 
investigation of the thymic abnormality of dystrophic mice, 
including periodic acid—Schiff staining and ultrastructural 
studies, are currently underway. 
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Abnormalities of thymus 
growth in dystrophic mice 


In spite of the attention paid to the relationship between 
myasthenia gravis and the thymus, little work has been 
done on the thymus in muscular dystrophy. Walker’ found 
that mouse dystrophy was not alleviated by neonatal 
thymectomy and Matheson’ provided evidence against the 
idea that muscular dystrophy might be a lymphocyte- 
mediated autoimmune disease. It therefore seems unlikely 
that overactivity of lymphoid function of the thymus has 
any role in muscular dystrophy: the possible role of a 
thymic deficiency has not been considered. Our interest was 
aroused when we noticed that in certain superficial ways 
dystrophic mice of the Bar Harbor 129 strain appear 
similar to mice which have been neonatally thymectomised. 
Their growth is stunted to a very variable degree, their coat 
quality is poor and they are liable to die suddenly for no 
very obvious reason. We now present evidence for an ab- 
normality of thymus growth in these animals. 

Initially we simply compared body and thymus weights in 
untreated 4-week and 12-week-old mice of the Swiss and 
Bar Harbor 129/ReJ strains, At 4 weeks, | week after wean- 
ing, it is usually possible to tell by observation whether a 129 
animal is dystrophic (dy/dy) or phenotypically normal 
(+/+ or +/dy). The presence or absence of dystrophy 
was verified ‘by muscle histology. The results are shown in 
Table 1. There were approximately equal numbers of each 
sex in each group and no sex differences were noted. At 
both 4 and 12 weeks the Swiss mice were significantly larger 
than phenotypically normal 129 mice (P<0.01)—which in 
turn were larger than the dystrophic mice. At 4 weeks 
there were no differences in absolute thymus weights be- 
tween the Swiss and normal 129 mice but in the dystrophic 
mice the glands were very much smaller (P<0.001). At 12 
weeks the normal reduction in thymus weight was 
well advanced in the Swiss mice but less so in the normal 
129s. In the dystrophic animals thymus weight was actually 
greater than at 4 weeks (P<0.01). Because of the known 
effects of adrenal steroids on the thymus, in some of the 
dystrophic and phenotypically normal 4-week-old animals, 
we measured adrenal weights as well. In the normals mean 
weight of the adrenals was 3.4+0.5 (s.e.m.) mg and in the 
dystrophics it was 1.64+0.3 mg. Adrenal/body weight ratio 
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Table 1 Body and thymus weights and thymus/body weight ratios in Swiss mice and in dystrophic and phenotypically normal animals of the Bar ° 





r 129 stram. 
ii CR Swiss Normal 129 a 129 
16 8 
Nerina 21.4+1.36 17.3+0.76 9.3+1.9 
Thymus t( 7T3.0+5.5 T2.2+4.3 3.7412 
ym ss ee (x10) 3.5 +0.3 4.2+0.1 0.37+0.19 
AE ees Swiss Morn 129 Dyn 129 
Number 16 
Body weight 32.4+0.9 26.2+0.82  16.51.1 
Thymus weight (m 18.0+1.3 32.6+2.0 19.4+3.3 
Th sah ere (x 107%) 0.56+0.03 1.25+0.08 1.20 +0.28 


Results are shown as means + s.¢.m. 


in the normals was 3.0x10™ and in the dystrophics 
3.1107. Adrenal weight is therefore a normal proportion 
of body weight in the dystrophic animals and it is unlikely 
that the thymus atrophy is caused by adrenal hyperactivity. 

We then investigated the possibility that thymus growth 
might be affected at an earlier stage in the dystrophic 
animals. Three litters were killed between 15 and 20d 
post partum before weaning. Dystrophic animals were 
identified by muscle histology. Thymus/body weight ratio 
in the normal 129s was 3.910 and in the dystrophics 
2.3xX1077. Thus the thymus was lower in weight at this 
stage but the severe reduction noted in the dystrophics one 
week after weaning was not found. 

This pattern is similar to the situation in growth hormone 
and prolactin-deficient dwarf mice**. In these animals 
thymus growth is normal until weaning, apparently being 
maintained by a factor in the milk. On weaning rapid 
thymus atrophy occurs. This can be reduced or prevented 
by treatment with exogenous growth hormone or prolactin. 
Prolactin is known to be present in rodent m#k’ and it is 
possible that this is the necessary factor. Quite independ- 
ently, de Kretser and Livett’® in Melbourne have made 
similar observations on thymus growth in dystrophic mice. 
The interpretation of our common findings must obviously 
be uncertain at this sage although our own hypothesis is 
that both muscle and thymus are damaged by the basic 
genetic defect but that the clinical expression of the genetic 
defect in the muscles may depend on some of the con- 
sequences of thymus damage. 

This work was carried out partly at the University of 
Newcastle upon Tyne, UK. We thank the North of England 
Cancer Campaign, the UK Muscular Dystrophy Association 
and the Quebec Medical Research Council for financial 
support, and Professor W. G. Bradley and the Staff 
of the Muscular Dystrophy Laboratories, Newcastle General 
Hospital, for the Bar Harbor 129 mice, and for much advice. 
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Foetoneonatal oestradiol-binding protem 
in mouse brain cytosol is a foetoprotem 


Brain cytosol from foetal and neonatal rodents contains 
high concentrations of an oestradiol-binding protein 
(foetoneonatal oestradiol-binding protein or FEBP) with 
properties distinctly different from those of adult oestrogen 
receptors with respect to sedimentation rate, binding 
specificity and affinity for oestradiol*”’; FEBP declines to 
undetectable levels by about 22d in rat brain cytosol’’. 
Sexual differentiation of the rodent brain, which normally 
occurs under the influence of testicular secretions between 
birth and about 10d, can also be brought about by injection 
of oestradiol benzoate into neonatal female or castrated 
male rodents‘. This observation has led to the idea that 
FEBP protects the developing brain against the effects of 
maternal oestrogens’. It has been suggested that FEBP m 
rats is a foetoprotein (AFP)*, a circulating foetal protein 
known to bind oestradiol”. Here we present evidence 
which points strongly to the identity of mouse FEBP and 
AFP This includes a comparison of the binding properties 
of FEBP with those of purified mouse AFP, correlation of 
the postnatal disappearance of FEBP with measurements of 
AFP in brain cytosol and removal of oestradiol-binding 
activity from brain cytosol using anti-mouse AFP anti 
bodies. 

Cytosol—prepared from a homogenate of pooled brains 
from neonatal mice by centrifugation at 216,000g—or 
mouse AFP—purified by immunoadsorbents’’’*’—was in- 
cubated for 2h at 0°C with 5X10°M ’H-oestradio! and 
centrifuged on glycerol gradients (Fig. 1). The sedimenta- 
tion coefficients of the peaks of "H-radioactivity were esti- 
mated to be 4.6+0.03S for FEBP (mean ts.e. of nine 
determinations involving five preparations from 1-5d-old 
mice) and 4.7+0.02S for AFP (mean +s.e. of 13 determina- 
tions on four different AFP preparations). This slight dif- 
ference in the sedimentation rates of AFP and FEBP could 
be due to a change that occurred in the AFP molecule as 
e resukt of the purification; this was supported by the obser- 
vation that an AFP preparation purified from brain cytosol 
gave an S value (4.7 S) comparable with that of the other 
purified AFP preparations. Figure 1 also shows that excess 
unlabelled oestradiol (10°'M) decreased binding of `H- 
oestradiol to both FEBP and AFP by 80-90%. Diethyl 
stilbestrol (DES), a potent synthetic oestrogen, at 10* M, 
had no effect on oestradiol binding to FEBP, in agreement 
with results reported for rat FEBP’’; 103% (mean of four 
determinations) of the *"H-c.p.m. found in this peak in the 
absence of DES was bound in its presence. DES competed 
slightly, however, with "H-oestradiol for binding to purified 
mouse AFP (17%, mean of four determinations); "H-DES 
has also been reported to bind to purified rat AFP”. The 
apparent difference in sensitivity to DES competition be- 
tween FEBP and AFP was abolished when purified AFP 
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Fig. 1 Glycerol gradient centrifugation of 5-d brain cytosol and mouse AFP incubated with ?H-oestradiol and *H-testosterone. Cytosol 
was prepared from pooled brains of 5-d-old female mice or from 3~5-month-old adult mice in TEM (0.01 M Tris, pH 6.7, at 25°C; 
0.0015 M EDTA; 0.002 M 8-mercaptoethanol!) by centrifugation for 1 h at 216,000g as described before!*, Mouse AFP, purified by im- 
munoadsorbents-'", was dissolved in TEM. Samples of 0.4 ml of 5-d cytosol (4.7 mg per ml of protein) (a), of AFP (18 pg mi~) (b), or of 
AFP (18 ug mi~?) in adult cytosol (6.8 mg per ml of protein) (c) were incubated with 5 x 10 M *H-17B-6,7-oestradiol (47.9 Ci mmol?) 
in the absence (@) or presence of unlabelled oestradiol at 10-8 M (©) or DES at 10 M (A), and with $x 10 M °H-Ia,2a-testosterone 
(59 Ci mmol ~) (x) for 2 h at 0 °C. Samples were layered on 5-35 % linear glycerol gradients in TEM and centrifuged in the SW 50.1 rotor 
at 216,000g for 16 h at 2 °C. The scale on the left of (b) refers to the gradients containing *H-oestradiol, while that on the right refers to the 
gradient containing *H-testosterone. The arrow indicates the position of bacterial alkaline phosphatase added as an internal sedimentation 
marker (6.28, see ref. 13). The direction of sedimentation was from right to left. 


was incubated with *H-oestradiol in the presence of brain 
cytosol from adult mice (which contains no detectable 
FEBP). DES no longer displaced any radioactivity from the 
AFP peak (Fig. 1); in two such experiments, 104% and 
109% of the “H-c.p.m. were recovered in the AFP peak in 
the presence of DES. There was no indication of binding of 
*H-testosterone to either FEBP or mouse AFP (Fig. 1). 

Binding parameters for the reaction of brain cytosol or 
mouse AFP with “H-oestradiol were obtained by Scatchard” 
analysis after equilibrium dialysis. This method was chosen 
since we™ and others‘ have observed that there is a rapid 
dissociation of the FEBP-oestradiol complex in non- 
equilibrium conditions. The mean dissociation constants 
(ky) from two experiments were 2.3 107° M (brain FEBP) 
and 2.4x10°°M (mouse AFP); these are essentially the 
same as published values for rat brain FEBP* and purified 
rat AFP*. 

AFP was demonstrable in brain cytosol from immature 
mice by immunodiffusion or radioimmunoassay’. Cytosol 
from 1-, 4-5-, 9-10- and 20-22-d-old mice gave AFP concen- 
trations (mean +s.e.) of 7.0+0.8 ug (seven determina- 
tions), 1.5+40.2 ug (three determinations), 0.24+0.02 ne 


Fig. 2 Scatchard plots representing binding of *H-oestradiol 
by 4-d brain cytosol (2) and mouse AFP (4). Samples of 0.35 ml 
of brain cytosol from 4-d-old male mice (11 mg per ml of protein) 
or of AFP (17 ug mi~} were dialysed against 10 m! TEM 
containing various concentrations of *H-oestradiol (OTT) Q x 
10-1 x 10-7 M) for 24h at 4°C. Triplicate samples of the 
inner and outer solutions were removed for counting. Bound 
radioactivity was determined from the difference between the 
radioactivity inside the dialysis bags and that outside. 
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(three determinations), and <2 ng (undetectable level) per 
mg of protein, respectively. There were 0.7-0.8 mol of 
oestradiol bound per mol of mouse AFP (molecular 
weight 74,000 (ref. 10)), and the binding capacity of brain 
cytosol from 4-d-old mice was about 25 pmol per mg 
of protein (Fig. 2). Assuming the binding moiety in 
brain cytosol to be AFP with one binding site per 
molecule, 4-d brain cytosol should contain 1.8-1.9 ug of 
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Fig. 3 Glycerol gradient analysis of brain cytosol from mice 

of various ages incubated with *H-oestradiol. Cytosol from 

two or three female mice aged 1 (@), 4 (x), 10 (C) and 21 d(A) 

was incubated with 2x 10 M *H-oestradiol. Samples of 0.4 ml 

containing 1.6, 2.6, 3.2, and 3.7 mg of protein, respectively, 
were centrifuged on glycerol gradients as in Fig. 1. 
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AFP per mg of protein. This is in close agreement with the 
observed AFP concentration (1.5 ug per mg of protein) at 
this age. The time course of disappearance of 4.65 
oestradiol-binding activity in brain cytosol (Fig. 3) parallels 
the decrease in AFP levels. At 1 and 5d substantially all 
the *H-radioactivity was found in the 4.6S peak (at 5X10 
*H-oestradiol). At 10d there was an appreciable decrease in 


the proportion of bound *H-cestradiol, with a concomitant — 


increase in free steroid at the top of the gradient, and by 
21d no binding was detectable. 


3H-c.p.m. per fraction 





300 £ 
x 
= 
„Q 4 
5 

200 È 
R 
z 
A 
? 

100 T 

1.0 2.0 3.0 4.0: 5.0 
Volume (ml) 

Fig. 4 Glycerol shes pale analysis of brain l from 5-d-old 

mele mice incubated with -oestradiol treatment with 


antmouse AFP or an unrelated control adsorbent. Cytosol 
was treated with Sepharose-coupled anti-mouse AFP antibodies 
(CO) or with control adsorbent (@) for 3 h at 0 °C and incubated 
with 5X10°-*M ?H-oestradiol. Samples of 0.5 ml containing 
2.5 and 2.2 mg of protein, b= pape bok were centnfuged on 
Beet alot of esbotn scale on the left refers to the 

plot of the bottom part of the gradients showing the 

. peaks of 8S oestradiol receptor. 


Treatment of S-d brain cytosol with anti-mouse AFP 
antibodies insolubilised on to Sepharose removed almost 
completely the 4.6S oestradiol-binding activity, while this 
binding was not affected in a sample treated wh an un- 
related control Sepharose adsorbent (Fig. 4). The: binding 
data were in agreement with measurements of AFP in these 
samples: these were 0.12 and 1.4 ug of AFP per mg of 
protein, respectively. In contrast, there was no change in 
the oestradiol-binding capacity of the 8S oestradiol 
receptor” after exposure of cytosol to anti-mouse AFP. A 
second experiment involving 1-d brain cytosol ' gave essen- 
tially the same results. 

Thus FEBP in neonstal mouse brain cytosol has proper- 
ties similar to those of purifed mouse AFP with respect to 
affinity for 178-oestradiol, specificity of the binding reaction 
and sedimentation rate in glycerol gradients. In addition, 
AFP can be detected in cytosol preparations by immuno- 
difusion or radioimmunoassay, and AFP and 4.6S 
oestradiol-binding activity show a similar time course of 
disappearance in the developing brain and, coincident re- 
moval from brain cytosol by antimouse AFP entibodies. 
By all these criteria AFP and FEBP are substantially 
identical. 

_ The biological role of AFP is E E but its high capa- 
‘city for oestradiol (and oestrone) has led ¢o the idea that it 
may be involved in the protection of foetal tissues against 
circulating maternal oestrogens™*. This may be particularly 
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important in the brain because the FEBP-AFP concentra- ® 
tion in brain cytosol seems to be higher than can be ac- 
counted for by contamination from the blood’*. The 
oestrogen-binding properties of AFP, however, may be con- 
fined to rodents and this may not be the only function of 
this protein. This is suggested by the lack of significant 
oestrogen binding, demonstrable by equilibrium dialysis or 
gradient centrifugation, by human AFP-containing serum 
or amniotic fluid’*’** or by purified human and bovine AFPs 
(our unpublished results). Also AFP shows sequence homo- 
logy with serum albumin’, and oestrogen binding may be 
only a specialised expression of general albumin- like binding 

properties of the AFP molecule. 

We thank Lisa N. Geller for assistance and Dr Susumu 
Ohno for support and encouragement. This work was sup- 
ported by grants from the NICHHD and the NCI. 
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Inhibition of platelet aggregation 

by a myeloma protein 

with anti-phosphocholine specificity 
PHOSPHOCHOLINE-containing phospholipids, particularly 
phosphatidylcholine (lecithin), lysophosphatidylchoHne and 
sphingomyelin, have integral roles in the sttucture and 
function of mammalian cell membranes’. Enzymatic diges- 
tion of platelet choline phosphatides, particularly of phos- 
phatidylcholine which is the most abundant of the platelet 
phospholipids’’’, has been shown to induce platelet release 
reactions‘. We have demonstrated that C-reactive protein 
(CRP), an acute phase reactant with binding specificities 
for phosphocholine, choline phosphatides and polycations 
generally**, can inhibit multiple platelet reactivities’. 
These considerations have raised the possibility that mole- 
cules generally with binding specificities for choline phos- 
phatides can influence platelet responsiveness. We report 
here an investigation of the ability of the T-15 anti-phospho- 
choline mouse IgA myeloma protein to inhibit the aggre- 
gating response of human platelets. 

Diluents and human platelets were prepared and platelet 
viability and aggregation were assayed as described before’. 
The IgA-producing plasma-cell tumours TEPC-I5 and 
MOPC-315 were provided by Dr Donald A. Rowley, Univer- 
sity of Chicago, and were maintained in BALB/cJ mice 
(Jackson Laboratories). The anti-phosphocholine myeloma 
protein T-15 was isolated by affinity chromatography from 
pools of ascites fluid obtained from tumour-bearing mice 
essentially by the method of Chesebro and Metzger™, except 
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that C-polysaccharide-~Agarose beads’ were used in place 
of phosphocholine-Agarose. The protein was purified 
further by filtration on BioGel A-0.5 m, and the material 
reactive with rabbit anti-mouse IgA antiserum correspond- 
ing to the HIS dimer was used. Similarly, the anti-dinitro- 
phenol myeloma protein M-315 was isolated from pools of 
serum and ascites fluid obtained from mice bearing MOPC- 
315 by affinity chromatography on trinitrophenylamino- 
ethyl Agarose beads (BioGel, A-15m): it was eluted with 
0.1 M dinitrophenol, and the dinitrophenol was removed on 
Dowex I (ref. 13). 

The T-i5 mouse IgA myeloma protein reactive with phos- 
phocholine was found to inhibit the ability of washed human 
platelets to aggregate in response to thrombin and aggre- 
gated human y globulin. This inhibition was characterised 
by a reduced rate (slope) and extent (amplitude) of aggre- 
gation, and a decreased size of the platelet aggregates 
formed (magnitude of the vertical oscillations); concentra- 
tions as low as 25-80 ug ml! were sufficient to bring about 
these effects (Fig. 1). 

By contrast, the M-315 mouse IgA myeloma protein did 
not inhibit aggregation at concentrations as high as 425 
gml’, indicating that the inhibition by T-15 involved its 
antigen-combining site. In support of this interpretation, 
inhibition by T-15 was reduced substantially when phospho- 
choline was included in the reaction mixtures (Table 1). 


Table 1 Effect of phosphocholine on T-15—inhibited aggregation of 
platelets stimulated by thrombin and AHGG 


% Inhibition -+-s.d.* 


Inhibitor Thrombin AHGG 
T-15 56+-10.0 5447.4 
T-15-4-PC PEJA 26-i- 1.4 
PC 1-0.5 2+-1.4 





Platelets (3 x 10°) were equilibrated with T-15 for | min at 37°C 
and challenged with thrombin (0.2 units ml ~t} or AHGG (50 ug mi~’); 
aggregation was recorded for 5 min. The concentration of T-15 
chosen was sufficient to inhibit the rate of aggregation by approxi- 
mately 50°, and represents 60 (thrombin) and 80 (AHGG) ug mi; 
phosphocholine (PC) was at a final concentration of 107% M, 

*The data are presented as the percentage inhibition in the rate 
of platelet aggregation- 1 standard deviation (s.d.) as compared 
to the aggregation response obtained in the absence of inhibitors. 
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Fig. 1 The effects of increasing amounts of 

T-15 on platelet aggregation induced by 

thrombin (0.2 units mi-') {a) and AHGG 

(50 ug ml!) (b); the concentrations of T-15 

added to the reaction mixtures are expressed 
in pg mi ~i, 





The possibility that T-15 acts by reducing platelet viability 
was discounted because concentrations far in excess of 
those used in this study (>950 ug ml’) were not cytotoxic 
as determined by incorporation of “C-5-hydroxytryptamine 
(*C-5-HT) and release of lactic dehydrogenase, 

Thus, the T-15 myeloma protein with anti-phospho- 
choline specificity inhibits the reactivity of human platelets 
with characteristics similar in all respects investigated to 
those previously observed when CRP was added to these 
mixtures. It had not been clear whether CRP reacts with 
phosphocholine lipids, polycations or other of its binding 
specificities to cause its inhibitory effect. Our data suggest 
that a phosphocholine moiety on the platelet surface 1s 
involved in this inhibition, and that phosphocholine-binding 
molecules generally can modulate platelet reactivities; CRP 
would seem to be biologically the most important of the 
latter. The anti-phosphocholine myeloma protein may well 
aid in the delineation of the surface receptors and path- 
ways involved in the CRP-mediated control not only of 
platelet reactivities, but also of responses of other cells 
reactive with CRP, such as subpopulations of T cells’. 
The nature of these receptors, and the significance of the 
association of molecules with which they interact with 
inflammation and tissue destruction, seem to be critical to 
a more complete understanding of body defence 
mechanisms. 
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Antiviral antibodies mhibit the 
lysis of tumour cells by anti-H—2 sera 


RECENT experiments have indicated that the cytolysis of 
virus-infected, chemically modified, or neoplastic cells by 
murine T lymphocytes is restricted to target cells carrying 
one or more of the H-2 antigens possessed by the cells 
against which the cytotoxic T cells were generated. Two 
general ‘hypotheses have been proposed to explain the 
participation of H-2 antigens in T-cell-mediated cytolysis. 
According to one hypothesis, T lymphocytes possess two 
different types of receptors, one which recognises the 
abnormal amtigens of the target cell, and a second which 
anteracts with the H-2 antigens of that cell. In the alterme- 
tive hypothesis, the T cell has only one specific receptor 
that is directed against a complex antigenic determinam 
made of of H-2 antigens and viral antigens, for example, 
tumour antigens induced by viral infection. Neither 
of these hypotheses has yet been satisfactorily proven. In 
support of the one-receptor hypothesis, we have found that 
anti-H-2 and antiviral sera show copatching and cocapping 
of H-2 and viral antigens on the surface of EL4 leukaemia 
cells’, suggesting that viral and H-2 antigenic determinants 
can be in close physical association on the cell surface. 
Here we provide new ewdence for the existence of a close 
association between H-2 antigens and viral antigens on 
murine leukaemia cells. 

We have used the method of antibody-induced resistance 
to complement-dependent lysis (‘‘lysostrip’’ technique’’) to 
show that the binding of antiviral antibody to the cell 
surface resulted in resistance to cell lysis induced by 
subsequent treatment with ami-H-2 serum and complement 
Bernoco ef al.” and Hauptfeld et al. have shown that 
specific resistance to lysis by an alloantiserum can be 
effected by first coating cells with the alloantiserum and 
then incubating the ceHs with an anti-Ig serum directed 
against the first antibody. 

Treatment of EL4 cells (H-2) with a rabbit antiserum 
to Rauscher leukaemia virus (RLV), or with a goat 
amtiserum against the purified glycoprotein gp70 of murine 
leukaemia virus (Scripps), and then with an appropriate 
anti-Ig reagent reduced the subsequent complement- 
mediated lysis of the cell by anti-H—2° antiserum (Table 1). 
In contrast, both of the antiviral antisera had only slight 
and inconsistent effects in similar experiments using 
normal lymphocytes from the parental mouse strain 
CS57BL/6 (Table 1). The corresponding control sera 
(normal rabbit serum taken before immunisation with RLV 
or pooled normal goat serum) had no effect either on EL4 
cells or spleen cells. Before use, all of the heterologous 
sera were absorbed at least twice wrth equal volumes of 
norma! spleen cells. 

The efficiency and specificity of the “‘lysostrip’”’ technique 
was demonstrated on both normal spleen cells and tumour 
cells. Pretreatment with antisera to the H-2D? antigens 
caused no reduction or very Kittle reduction in the 
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susceptibility to lysis by an anti-H-2K° antisera (Table 1). e 
Similarly, precoating the cells with antiserum to the H-2K* 
antigens caused no reduction in susceptibility to lysis by 
anti-H-2D® serum (Table 1) Precoating the cells with an 
anti-H-2K® antiserum, however, did lead to an increased 
lysis in the cytotoxicity assay performed with an anti-H-2D° 
antiserum. This increase was probably due to anti-H-2K° 
antibodies that had bound to the cells and were present 
during the cytotoxic assay. It was not observed if the 
precoated cells were treated with goat antibody to mouse 
IgG, which also suggests that it was due to amtiH-2K” 
amtibodies that were bound in the firt step of the 
experament. 

These results’ confirm that resistance ¢o lysis can be 
induced omly by redistribution of the H-2 antigen specifi- 
cally tested in the cytotoxicity assay, as reported by 
Hauptfeld et al... The observation that the pretreatment 
of EL4 cells with antiviral sera induced a partial resistance 
to cytotoxicity mediated by alloantisera against both the 
K and the D end of the major H-2 complex is therefore 
not likely to be a peculiarity of the method that we used. 

The identity of the relevant viral antigens carried by the 
EL4 cells is unknown Sodium dodecyl sulphate (SDS) 
polyacrylamide gel electrophoresis of immune precipitates 
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Fig. 1 SD lyacrylamide gel electrophoresis of an immuno- 


precipitate of an extract of 1™I-surface-labelled EL4 calls. 
EL4 cells were iodinated with I by the lactoperoxidase 
technique™ and extracted with 0.5% NP40 (ref. 19). Immuno- 
precipitates were obtained using BALB/c rbed RLV and 
unabsorbed GARIgG. SDS gel Papeete ate was performed 
in 85% polyacrylamide gels after solubilisation and reduction 
of the precipitates by boiling for 5 min in sample buffer con- 
taining 4% SDS and 5% mercaptoethanol’*. MOPC 21 myeloma 
immunoglobulin labelled with 1>! was used as marker. y, Heavy 
chain (molecular weight, 50,000);x, light chain (molecular 
weight, 23,000); BPB, bromophenol blue marker. 


made from I-labelled EL4 cells using RLV, however, 
showed a major component corresponding in mobility to 
the viral glycoprotein gp70 (Fig. 1). Similar results were 
obtained with goat antisera against the gp70 glycoproteins 
of Rauscher leukaemia virus” or murine leukaemia virus 
(Scripps). All three antiviral antisera also stained the EL4 
cells brmghtly by imamunofluorescence. Viral antigens were 
not detected on C57BL/6 spleen cells with these antisera 
by either mmunofluorescence or immune precipitation. 
Of the artefacts that might arise in these experiments, 
the most obvious would be ascribable to antiviral antt 
bodies in the anti-H-2 antisera’ or anti-H-2 antibodies 
in the antiviral antisera. Several kinds of control experi- 
ments were performed to explore these possibilities. Most 
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Table 1 Effect of antiviral sera on cytolysis by anti-H-2 sera 





% Specific lysis 





Antisera used in:— EL4 CS7BL/6 
Step Í Step H Ko Ke K?" K" K*” Kt De! <p Ke K? pp? 
None None 33 25 33 45 35 6] 23 22 34 4i 23 
RARLV None 35 45 30 28 34 41 30 
RARLV GARIgG 21 34 19 15 33 39 35 
NRS None 31 o 29 29 28 37 
NRS GARIgG 33 30 32 28 37 
None GARIgG 39 28 26 29 40 37 
GAgp70 None 22 29 40 36 28 
GAgp70 RAGIgG 12 16 16 26 33 
NGS None 23 33 E E 24 
NGS RAGIgG 27 31 29 
None RAGIgG 33 34 2 
Anti-H-2D” None 7i 33 32 34 20 
Anti-H-2D y GAMIgG 65 16 13 30 3 
Anti-H-2K > None 39 27 34 49 35 61 42 39 37 40 37 
Anti-H-—2K > GAMIgG u 8 Bo | 9 15 39 33 30 8 ad 22 
None GAMIgG 26 o o 43 29 23 31 39 23 





RLV, rabbit antiserum against Rauscher leukaemia virus; GARIgG, goat antiserum against- rabbit IgG; NRS, normal rabbit serum; 
GAgp70, goat antiserum against gp70; RAGIgG, rabbit antiserum against goat IgG; NGS, normal goat serum: GAMIgG, goat antiserum 
against mouse IgG. The procedure was performed in three steps. Step I. 5 x 10° §4Cr-labelled cells were coated with 0.02 ml antiviral or anti- 
H-2 antibody in 0,2 ml Minimal Essential Medium with 5°% heat-inactivated foetal bovine serum (MEM/FBS) for 30 min on ice. Step IL. 
After washing twice, cells were incubated for 45 min at 37 °C in 0.2 ml MEM/FBS with 0.02 ml of a second antiserum directed against the first 
antibody. Cells were washed once and this step was repeated. After completion of this second cycle cells were washed once and resuspended in 
0.22 ml MEM/FBS. Step HI. Cytotoxicity assay was performed using 2 «0.05 ml of this cell suspension as described earlier’ using antisera 
directed against the H-2K * or H~-2D° antigens as indicated (*). Total c.p.m. were determined in 2 x 0.05 ml of the same cell suspension. Results 
are given in percentage specific lysis calculated according to the following formula: 


Experimental c.p.m.— background c.p.m. 
Total releasable c.p.m.—background c.p.m. 


Background lysis was determined separately and varied between 14 and 30°. Each antiserum used was also tested individually to exclude 
nonspecific lysis due to incomplete absorption. EL4 cells (Salk Institute) were grown in ascitic form in C57BL/6 mice (Jackson Laboratory). 
Splenic lymphocytes were prepared by the Ficoll-Hypaque technique”. Cells were labelled with 100 pCi of *4Cr per 10° cells. Antisera used in 
step I were anti-H-2K ® (H-2.33) and anti-H-2D° (H-2.2) prepared as described earlier? and were used undiluted. RLV was produced by 
repeated injections of SDS-solubilised Rauscher leukaemia virus (Litton Bionetics) adding complete Freund’s and incomplete Freund’s adjuvant, 
respectively, in the first two injections. RLV was absorbed twice with equal volumes of packed C57BL/6 spleen cells or with BALB/c spleen 
cells (H-2*) when used on C57BL/6 spleen lymphocytes. NRS was obtained from the rabbit producing the RLV before the first immunisa- 
tion and was absorbed by the same procedure. GAgp70 raised against gp70 isolated from murine leukaemia virus (Scripps), and pooled NGS 
were absorbed in the same way as the rabbit sera. Antisera used in step Il were GAMIgG (Miles~Yeda, Rehovot) was absorbed with BALB/c 
thymus cells. GARIgG prepared by repeated injections of rabbit IgG was absorbed with BALB/c spleen and thymus cells, and RAGIgG (Cappel 
Laboratories) was absorbed with BALB/c spleen cells. In the cytotoxic assay the antiserum against H-2K° was used at a dilution of 1:18 
(except K t, dilution: 1:12) and the antiserum against H-2D° was used at 1:8. Guinea pig complement (Grand Island Biologic. Co., Grand Island) 
was absorbed with mouse spleen cells and diluted 1:4. Each vertical column represents a single experiment. Results indicating that pretreatment 
has reduced the susceptibility to complement-mediated lysis by anti- H—2 sera are underlined. When anti-H-2D° serum was used in the cytotoxicity 
assay, there was increased specific lysis of cells that had been pretreated with RLV or anti-H-2D° serum alone. For this reason, the lysostrip 
effect is probably best estimated by comparing the specific lysis of cells pretreated with the first antibody and then anti-Ig antibodies, with the 
specific lysis of cells pretreated only with the first antibody or only with anti-Ig antibodies. 





x 100 


mouse alloantisera contain antibodies directed against observed in the SDS—gel electrophoretic analysis of immune 
murine leukaemia antigens’ * and particularly against the precipitates made from ‘I-labeled EL4 cells or C57BL/6 
envelope protein gp70 (refs 13-15). The cytotoxic activity spleen cells’. On the other hand, immune precipitates 
of certain alloantisera against tumour cells may therefore using the anti-H-2K° antiserum on extracts of EL4 or 
consist of two components, one due to antibodies against C57BL/6 cells did not contain detectable amounts of viral 
alloantigens and the other to antibodies against viral antigens”. 

antigens. Accordingly, the anti-H-2” sera used in this study The specificity of one of the anti-viral antisera used 


were absorbed three times with equal volumes of packed (RLV) was demonstrated by comparing the “‘lysostrip”’ 
thymocytes of young BALB/c mice (H-2*) or with NZB- effect of RLV on EL4 cells after absorption with either 
thymoma cells that were actively producing murine C57BL/6 spleen cells or with the cell line SCRF 60A 
leukaemia virus (Scripps) in large amounts (SCRF 60A, (H-2") that produces murine leukaemia virus (Scripps). 
H-2"). After absorption, the titres of the anti-H-2K” and Pretreatment with 4 or 0.8 wl of the RLV that had been 
anti-H-2D” sera were compared using EL4 cells as targets. absorbed with SCRF 60A (H-2) cells did not reduce 
There was no difference in the cytotoxic titres after subsequent cytolysis by H-2K" antiserum in contrast to pre- 


absorption with either normal thymocytes or virus- treatment with similar amounts of the RLV that had 
producing tumour cells. been absorbed with C57BL/6 spleen cells (Table 2). The 
This result indicated that our cytotoxicity assay did not difference between the absorption with virus-producing cells 


detect anti-viral antibodies in the anti-H~2 antisera. It is and with normal spleen cells suggests that the effect of 
therefore unlikely that the decreased cytotoxic effect of RLV in the lysostrip assay is due to antibodies directed 
the anti-H-2 antisera after redistribution of viral antigens against viral antigens rather than to antibodies against H-2 
merely reflects the absence of cytolysis that might have antigens. Similar experiments showed that absorption of the 
been due to the presence of antiviral antibodies in the H-2K°” antiserum with C57BL/6 spleen cells completely 
anti-H-2 antisera. It should be noted that small amounts abolished its ability to induce resistance against anti-H-2K* 
of anti-viral antibodies were present in the anti-H~-2D° mediated cytotoxicity. 

antiserum, however, inasmuch as a gp70 component was These observations confirm and extend our previous 
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observations on the cocapping of H-2 and viral antigens’ 
using the same cell type (EL4) and similar antisera. Both 
sets of data are explicable in terms of a close physical 
association or inter-action of viral and H-2 determinants 
on the cell surface. Because the exact mechanism of the 
lysostrip phenomenon is not understood, however, the 
present results are not conclusive evidence for the close 
molecular association of viral and H-2 determinants in all 
conditions. Obviously, more direct approaches are required 
to demonstrate an association at the molecular level. 

Although the evidence that viral and H-2 determinants 
may be associated on the cell surface is only indirect, it 
is difficult to account for by any other means. It is there- 
fore pertinent to consider the possible mechanism of this 
molecular association. One possibility is that both viral 
and H-2 determinants are on one molecule“. There are 
no biochemical data to favour this model, but it cannot 
be completely excluded at present. We have observed, 
however, that target cells coated with inactivated Sendai 
virus are killed by specific cytotoxic T cells within the first 
30min after the cells are coated with the virus’. These 
experiments suggest that any synthetic modification of the 
H-2 antigens that might occur must be induced very 
rapidly, a finding that further weakens the hypothesis. 

A second possibility, which we favour’, is that viral 
and H-2 antigens are in close physical association on the 
cell membrane. The molecular interaction between the H-2 
and viral antigens could be related to a specialised function 
of either of the molecules. For example, H-2 antigens 





Table 2 Effect of absorption of RLV with a cell line producing murine 
leukaemia virus (Scripps) 





% Specific lysis of targets pretreated with 
RLV absorbed with 


RLV (u) C57BL/6 spleen SCRF 60 A 
None _ 35 35 
20 18 19 
4 25 35 
0.8 27 35 
0.4 38 36 





RLV was absorbed twice with equal volumes of packed SCRF 
60A cells (grown in RPMI 1640 medium with 5%, FBS) or with 
C57BL/6 spleen cells (H-2°). The lysostrip technique was performed 
on EL4 cells as described in the legend of Table 1 using the indicated 
volumes of the absorbed RLV sera in the first step, and GARIgG in 
the second step. Sensitivity to cytotoxicity was assayed using 
anti-H-2K ® (1:18). Specific lysis was calculated as described in Table 
1. The specific lysis of control cells pretreated only with RLV and 
not with GARIgG was 43 °% for the RLV absorbed with C57BL/6 cells, 
and 40% for the RLV absorbed with SCRF 60A cells. 


could have a broad binding specificity for a wide range of 
viral antigens or could serve as receptors for viruses. 
Alternatively, H-2 antigens may have a tendency to 
bind weakly to many surface proteins. This might account 
for the finding that T-cell-mediated cytotoxicity against 
minor histo-compatibility antigens also seems to involve 
the H-2 antigens’’"*. Although the direct demonstration of 
hybrid antigens does not in itself exclude the hypothesis 
that the T cell has two separate recognition sites, one for 
H-2 and the other for viral antigens, a variety of experi- 
ments favours the idea that the T cell has a single kind 
of receptor for recognition of hybrid antigens. 
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murine leukaemia virus protein gp70, and for NZB-, 
thymoma cells producing murine leukaemia virus (Scripps). 
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GABA-mediated control of rat 
neostriatal tyrosine hydroxylase 
revealed by intranigral muscimol 


BLOCKADE of central dopamine (DA) receptors by neurolep- 
tic drugs is associated with an increase in the firing rate of 
nigro-neostriatal DA neurones’ and an enhanced turnover 
rate of DA in neostriatum (caudate—putamen)’”. 








Haloperidol 1.0 mg kg! 7 


2.0 


1.0 
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rT ie 
L Muscimol (ng) intranigral | 


Fig. 1 Tyrosine hydroxylase (TH) activity from the right (open 
bars) and left (darkened bars} caudate-putamen of rats treated 
with saline (Sal) or muscimol directly into the left substantia 
nigra by way of chronically implanted stainless-steel cannulae. 
Muscimol was dissolved in saline and administered in a volume 
of 0.3 pl, over a 3-min period. Ten minutes after intranigral 
injection, haloperidol (1.0 mg kg > dissolved in 0.05% C 
acid, intraperitoneally) or its vehicle alone (first pair o 3) 
was administered intraperitoneally. Animals were. dec 
40 min after intranigral injection and the tissue to D 
rapidly dissected out and frozen on dry ice. Assa 
done according to the method of Zivkovic ef al”, Vi 
were obtained using 0.3mM DMPH, cofactor a 
tyrosine. Each value represents the mean of ei f 
indicates s.e.), *P< 0.05 when compared with the contralateral 
l (contral). side. 
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At the molecular level, the neuroleptic-induced increase 
of caudate-putamen (CP) DA metabolism is maintained by 
a decrease in the Km of tyrosine hydroxylase (TH), for 
pteridine cofactors, This increase in affinity of TH for 
cofactor occurs within 20min of a single injection of a 
neuroloptic such as haloperidol or pimozide and lasts for 
at least 2 h. The action of haloperidol and other neuroleptics 
on CP-TH activity is abolished by either mechanical (lesion) 
or functional (y-butyrolactone) interruption of nigro- 
neostriatal DA projections’~”. It is likely, therefore, that the 
neuronal “feedback loop” hypothesis, proposed originally 
by Carlsson and Lindqvist’ to explain the regulation of 
nigro-neostriatial DA biosynthesis, is also relevant to the 
acute activation of CP-TH after systemic administration of 
neuroleptics. According to this theory, a neural pathway 
from neostriatum to substantia nigra (SN) is responsible for 
mediating an increase in presynaptic DA function in an 
effort to compensate for reduced neostriatal postsynaptic 
DA receptor activity. 

Histochemical studies have demonstrated the presence 
of a GABA-containing pathway originating in the caudate 
nucleus with terminal projections in close proximity to 
soma and dendrites of nigral DA neurones", Electro- 
physiological evidence indicates that the GABAergic 
neurones in the striatonigral pathway exert a picrotoxin- 
sensitive, inhibitory influence on nigral cells’*. It is possible 
that a reduced release of GABA from these descending 
inhibitory neurones may occur as a result of neuroleptic 
blockade of CP-DA receptors. Activation of CP-TH could 
then occur as a consequence of the decreased GABAergic 
inhibitory control of nigral DA neurones, 

The experimental verification of this hypothesis was made 


0.4 





0.2 


‘(nmol '*CO,/mg protein/h) 
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possible by the use of muscimol. This isoxazol derivative, 
with a restricted conformation similar to that of GABA, 
displays bicuculline-sensitive and strychnine-insensitive in- 
hibitory activity both in vivo and in vitro®Y, but unlike 
GABA is not rapidly metabolised and thus exhibits long 
lasting GABA-mimetic effects in vivo", Moreover, on the 
basis of experiments with a DA-sensitive adenylate cyclase, 
we have established that this compound is devoid of any 
DA-agonist or antagonist potency in homogenates of 
neostriatum or substantia nigra. 

Muscimol was injected directly into the SN by way of 
chronically implanted cannulae (for detail see Figs 1 and 2). 
Ten minutes later haloperidol (1.0 mg kg™') was admini- 
stered intraperitoneally and the animals were killed 30 min 
later for TH assay. In this experiment, TH was assayed 
using a concentration of cofactor (DMPH,) below that 
required to saturate the enzyme fully. 

Figure | shows that the haloperidol-induced increase of 
CP-TH activity was blocked in the caudate ipsilateral to 
the intranigral application of muscimol. A 50% reduction 
of the action of haloperidol was obtained by injection of 
25 ng of muscimol into the SN; 50 ng of muscimol reliably 
and completely prevented the action of haloperidol on 
CP-TH. Muscimol (50-400 ng) alone did not alter normal 
CP-TH activity when measured at 20 and 40min after 
intranigral injection. 

The differences in the values for TH activity presented 
in Fig. 1 were found to reflect differences in the apparent 
Km values of TH for the pteridine cofactor. Double- 
reciprocal plots of TH activity obtained in the presence of 
different cofactor concentrations and K» values for normal, 
haloperidol-“activated”’, and muscimol-‘‘protected” CP-TH 


| -2 3 4 5 
1/DMPH,(mM) 


Fig. 2 Double-reciprocal plots of the initial velocity of CP-TH 
against various concentrations of DMPH, in the presence of 
0.1 mM tyrosine. Experimental design was as described in Fig. 1. 
Muscimol (©, 50 ng; @, 25 ng) or saline ( x ) was injected into the 
substantia nigra (SN). Ten minutes after intranigral injection, 
haloperidol (1 mg kg!) was administered intraperitoneally. 
The animals were killed 40 min after the intranigral injection. 
Control rats (A) received saline intranigrally and vehicle intra- 
peritoneally. Insert: photomicrograph of coronal section of rat 
brain (left hemisphere) showing position of (22 g) guide-cannula 
tip (blackened area above the dorsal border of the SN). Injec- 
tion cannula (27g) extended 0.8mm below guide cannula 
into the pars compacta region of the SN. 
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are shown in Fig 2. It is clear that intranigral muscimol 
treatment (50 ng or more) prevented the marked decrease 
(two- to three-fold) in apparent Ka caused by haloperidol 
treatment. Similar results were obtained with pimozide 
(1.0 mg kg‘) treatment. 

To determine whether the effect of intranigral muscimol 
was specific for the DA neurones projecting to the neostria- 
tum, we assayed the TH activity of the nucleus accumbens 
of eight rats which received 25 ng of intranigral muscimol 
and 1.0mgkg™ haloperidol intraperitoneally. In these 
animals, the percentage differences between the two neo- 
striata averaged 55% (range 40-70%), with the muscimol- 
treated side exhibiting lower TH activity. In contrast, the 
maximum bilateral difference obtained for the nucleus 
accumbens was less than 10%, both sides showing the usual 
TH activation after haloperidol. This attests to the an- 
atomical specificity of the GABA influence on nigral DA 
neurones, and moreover demonstrates the degree of func- 
tional localisation for the material injected. 

Data obtained from a series of rats which received 
intranigral bicuculline suggest that the effects we observed 
with muscimol are attributable to a specific GABA-mimetic 
action. Bicuculline methiodide (2.0nmol per 0.44] over 
2 min) was injected into the SN 20min after 0.4 nmol of 
muscimol (50 ng). Haloperidol (1.0 mg kg’ intraperitone- 
ally) was injected 10 min before bicuculline. Control animals 
received muscimol and haloperidol, but with saline or 
strychnine (4.0 nmol per 0.4 ul over 2 min) replaced bicucul- 
line. In all control animals, the apparent Km of CP-TH for 
cofactor was 0.8mM on the muscimol-treated side and 
0.3 mM on the contralateral side. In contrast, CP-TH of all 
bicuculline-treated animals showed no significant bilateral 
differences: in every case the TH of both neostriata ex- 
hibited Km values (0.25-0.33 mM) characteristic of halo- 
peridol activation. Bicuculline alone had no effect on TH 
activity, but reversed the muscimol blockade of haloperidol- 
induced TH activation, and caused the dose-response rela- 
tionship for muscimol to shift to the right approximately 
twofold. Since bicuculline (a putative GABA receptor 
antagonist), but not strychnine (a glycine receptor 
antagonist’®), reversed the action of muscimol and reinstated 
the effect of haloperidol on CP-TH activity, it is likely that 
GABA receptors mediate the action of muscimol in the SN. 

Our data demonstrate that it is possible to interfere with 
haloperidol-induced activation of CP-TH by pharmaco- 
logically maintaining the functional effect of GABA on 
nigral neurones. It is unlikely that the muscimol- 
haloperidol interaction occurred directly in the nigra, since 
in other experiments we found that application of halo- 
peridol (10°°-10°° M) directly into the nigra did not alter 
CP-TH activity. Thus the release of DA by nigral den- 
drites?” *! and a postulated self-inhibitory action of DA in 
SN':” may not be relevant to the mechanism of neuroleptic 
activation of CP-TH. Instead, it seems that haloperidol acts 
to change activity in nigral neurones indirectly, as a result of 
its action in the neostratium. We suggest therefore that ap- 
plication of muscimol directly into the nigra, by mimicking 
GABA, acted to preclude the influence of a striatonigral 
feedback pathway. This implies that a decrease in GABA 
release in nigra is required for the neuroleptic-induced 
activation of CP-TH, a contention supported by the ability 
of bicuculline to reinstate TH activation after muscimol 
blockade. 
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Temperature-dependent inhibition of evoked 
acetylcholine release in tick paralysis 


In AUSTRALIA, the tick Ixodes holocyclus can produce a 
potentially fatal, flaccid paralysis in various hosts, including 
man, apparently due to the secretion of a neurotoxin”. In 
other parts of the world other species of ticks can produce 
a similar syndrome’, but it is not yet clear whether the 
pathogenesis of the paralysis is the same in all cases. We 
have found that the paralysis produced by /. holocyclus 3s 
due to a temperature-dependent inhibition of evoked release 
of acetylcholine at the neuromuscular junction. 

Application of about 10 nymphal /. holocyelus produced 
paralysis in mice after 3.5-4.5d, the exact period required 
depending on the rate of feeding of the ticks. Experiments 
were carried out on phrenic nerve-hemidiaphragm prepara- 
tions removed from the most severely affected of these 
animals, These were mounted in a 2-m! bath and perfused 
continuously, at a rate of I ml per min, with modified 
Krebs’ solution (120 mM NaCl, 3.5mM KCI, 2.5 mM CaCl, 
1.0mM MgCl, 11 mM glucose, 25mM NaHCO») bubbled 
with 5% CO, in Os. Temperature was monitored by means 
of a thermistor probe placed close to the recording site. 
The nerve was stimulated using a suction electrode and 
conventional intracellular techniques were used to record 
from the endplate region of muscle fibres. Microelectrodes 
were filled with 3 M KCI. Compound action potentials were 
recorded from the phrenic nerve using a second suction 
electrode. Direct stimulation of the muscle fibres was 
accomplished by silver wire electrodes placed on either side 
of the diaphragm. 

At first the ability of muscles from paralysed animals to 
contract in response to nerve stimulation was assessed 
visually. At room temperature (approximately 23 °C) the 
muscle always contracted strongly. As the temperature was 
raised the response declined progressively, and at 37 °C no 
contraction was apparent. On subsequent reduction of the 
temperature the muscle response returned. The muscle con- 
tracted strongly in response to direct stimulation within this 
range of temperature. Similar results were obtained from all 
twenty preparations examined. 

The effects of d-tubocurarine [d-TC] and increased 
magnesium chloride concentration (with compensation by 
reducing sodium chloride concentration) on paralysed 
preparations were also examined. At a concentration of 
2.14M in the case of d-TC or 5mM in the case of 


+ 
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ə magnesium chloride, the contractile response of the muscle 


ceased at a lower temperature than in normal solutions. 
At temperatures above 30°C, no twitch occurred. In 
experiments on preparations from normal mice, the same 
concentrations of these drugs were insufficient to prevent 
muscle contraction. 


5 20 25 30 
i Temperature (°C) 


1 Graph showing effect of reone.p.p amplitude 

at endplates in three different affected animals. Dashed lines 

indicate endplates examined in 5 mM Mg**; dotted Line, an end- 

plate examined in 2.1 uM a-TC. Each point represents the 
mean (+ s.e.) of approximately twenty responses. 


Endplate potentials (e.p.p.s) were examined in these 
modified solutions. In the temperature range 15-30 °C, 
muscle fibres could always be found in which nerve stimula- 
tion produced e.p.p.s up to 10 mV in amplitude, but none 
were found above 30 °C. The mean amplitudes of e.p.p.s in 
muscle fibres from paralysed mice were markedly tempera- 
ture dependent. As the temperature was increased, the 
mean amplitude fell and the number of stimuli failing to 
produce an e.p.p. increased. In each fibre the rate of decline 
of e.p.p. mean amplitude appeared to be approximately the 
same, but the temperature range over which the decline 
occurred differed. This is demonstrated in Fig. 1. The 
effect could be reversed by lowering the temperature. The 
amplitude of miniature endplate potentials (m.e.p.p.s ) was 
not altered over this temperature range (Fig. 2). 

In preparations from normal mice, the effect of 
temperature on transmitter release was examined in 8.4 uM 
d-TC or 12mM Mg. There was no decline in e.p.p. 
amplitude, comparable with that seen in tick paralysed 
preparations, over the temperature range 25-37 °C (Fig. 3). 

There was no decline in the amplitude of the compound 
action potentials recorded from phrenic nerves removed 
from paralysed preparations within this range of tempera- 
ture. There was, as expected‘, a small increase in amplitude 
as temperature was increased. 

It is unlikely that the paralysis is due to a selective failure 
of conduction in the nerve terminals. Krnjevic and Miledi’ 
have shown that this type of failure can occur, but that it 
results in a sudden failure of e¢.p.p.s and is more likety to 
occur at low temperatures. 

Another possibility is that the toxin produces. a 
temperature-dependent, graded reduction of action potential 
amplitude in the nerve terminals. This possibility has not 
been entirely eliminated. It seems unlikely, however, that 
the amplitude of the nerve terminal action potential could 
be reduced sufficiently to abolish transmitter release without 
a detectable effect on that of the nerve trunk. 
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Fig. 2 Endplate potentials and m.¢.p.p.s from the same affected 
endplate at 26.5°C (upper trace) and 28.5°C (lower trace). 
Arrow indicates stimulus artefact. 


Other workers’’ have suggested that the paralysis pro- 
duced by the tick Dermacentor andersoni is associated with 
a reduction in amplitude of the compound action potential 
recorded from peripheral nerves in vivo. We found no 
evidence of this in our experiments and it may be that the 
modes of action of the toxins from the two species of tick 
differ. A central action for the toxin of D. andersoni has 
also been postulated’*. Our observations, however, suggest 
that most aspects of the motor paralysis produced by 
I. holocyclus can be explained on the basis of action at the 


neuromuscular junction. 


2 


e.p.p Amplitude (mY) 


20 25 30 35 40 
Temperature (°C) 


Fig. 3 Graph showing effect of temperature on e.p.p. amplitude 

I Nd ead from normal mice. Dashed Iine indicates an 

endplate examined in 12 mM Mg*+ ; dotted Ime an endplate ex- 

anuned in 8.4 pM d-TC. point represents the mean 
(+ s.e.) of approximately twenty responses. 


The data presented here suggest that the toxin secreted 
by I. holocyclus has a direct, temperature-sensitive action 
on the excitation-secretion coupling mechanism, which 
results in an inhibition of transmitter release at the neuro- 
muscular junction. This inhibition seems to be due to a 
reduction in quantal content, rather than quantal size, as 
the latter would be expected to result in m.e.p.p.s of 
reduced amplitude. Because spontaneous release continued 
when evoked release was blocked, it seems likely that the 
toxin does not interfere with the actual release mechanism, 
but rather with some intermediate step between depolaris- 
ation of the terminal membrane and release. An attractive 
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hypothesis is that the toxin blocks the influx of calcium 
ions which seems to be essential before evoked release can 
occur’. This remains to be investigated. 

This project was supported by a grant to Dr P. W. Gage 
from the Clive and Vera Ramaciotti Foundations. B.J.C. 
was supported by a CSIRO postgraduate studentship. 
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Mesolimbic dopaminergic neurones in the 
rotational model of nigrostriatal function 


At least some of the symptoms of Parkinson’s disease are 
believed to result from the degeneration of nigrostriatal 
dopaminergic neurones which normally innervate the 
striatum. Parkinsonian patients have an abnormally low 
concentration of dopamine in this region of the basal 
ganglia’, and parkinsonian symptoms can be alleviated’ by 
the dopamine precursor t-dopa*. A quantitative animal! 
model which has proved useful in assessing the potential 
therapeutic value of drugs in the treatment of parkinsonism 
was described some years ago by Ungerstedt and Arbuth- 
nott‘. Rats, in which the nigrostriatal pathway has been 
destroyed unilaterally by 6-hydroxydopamine (6-OHDA), 
were shown to rotate towards the lesioned side when injected 
with drugs, such as amphetamine, which release dopamine 
from neurones in the brain, and towards the unlesioned 
side when injected with L-dopa and dopamine agonists’. 
This contralateral rotation has been attributed to super- 
sensitivity of the denervated striatal dopamine receptors’’* 

We have investigated now whether another system of 
dopaminergic neurones, the mesolimbic system is involved 
in the drug-induced rotational behaviour. This system, com- 
prised of dopaminergic neurones which originate in the A10 
group of cell bodies and which innervate the nucleus 
accumbens and olfactory tubercle’, has recently been shown 
to be important in the locomotor behaviour produced by 
various drugs’. In a recent study of the possible role of 
mesolimbic dopamine neurones in rotational behaviour it 
was shown that amphetamine and the dopamine agonist 
apomorphine caused no rotation in rats with unilateral 
6-OHDA-induced destruction of mesolimbic dopamine 
neurones, However, it remained possible that bilateral 
destruction of the mesolimbic dopamine system could affect 
the drug-induced rotation of rats with unilateral lesions of 
the nigrostriatal pathway. We have now found this to be the 
case. . 

Adult. male Sprague~Dawley albino rats received an 
intrastriatal injection of 6-OHDA into the right caudate 


nucleus and during the same operation bilateral injections 
of 6-OHDA or vehicle into the nucleus accumbens. 6-OHDA : 
injections were made stereotaxically while the rats were 
anaesthetised with Equithesin (3 ml kg”). Stereotaxic co- 
ordinates for the nucleus accumbens were +3.4, 1.7, 7,2 
according to the atlas of Pellegrino and Cushman”, and for 
the caudate nucleus were +2.0, 3.0, 5.5. Injections were 
made through a 30-gauge stainless steel cannula at the rate 
of 1 gl min`. Eight micrograms (calculated as base) of 6 
hydroxydopamine hydrobromide (Sigma), dissolved in 0.9% 
saline containing ascorbic acid (1 mg ml”’) was injected in 
a volume of 2 ul. Vehicle injections were identical except 
for the omission of 6-OHDA from the solution. At various 
times following these lesions the rotation induced by intras 
peritoneal injections of (+)-amphetamine sulphate or the 
dopamine agonist apomorphine (hydrochloride) was mea- 
sured. The rats were placed in hemispherical white plastic 
bowls and the number of turns per min recorded. every 
10min by direct observation. Fifty-five to sixty days after 
the operation the rats were killed by decapitation and their 
brains removed for the measurement of regional catechol- 
amine content. The brains were chilled on an ice-cold glass 
plate and the olfactory tubercles, nuclei accumbens, right 
and left striata, and neocortex were dissected as described 
previously", Tissues were homogenised in 0.1. N perchloric 
acid containing 0.1 mg mi EDTA and assayed for nor- 
adrenaline and dopamine by a radioenzymatic method” 
modified from that of Cuello et al.** The significance of 
statistical differences was calculated using Student’s f test. 
Fig. 1 shows the dopamine concentration in the nucleus 
accumbens and striata of the two groups of animals. In 
both groups the dopamine content of the right striatum was 
reduced to 35% of that of the left (P<0.01). In addition, the 
6-OHDA lesion of the nucleus accumbens reduced the 
dopamine content of the nucleus accumbens to 25% of 
control (P<0.01) and that of the olfactory tubercle to 41%, 
(6.7+0.6 against 2.7+0.4 ug 27", P<0.01). Neocortical nor- 
adrenaline content also was reduced to 49% (0.35+0.01 


Accumbens sham 


Accumbens lesion 





Fig. 1 Diagrammatic representation 

of the dopamine concentration 

(ug g™) in the nucleus accumbens 

and left and right striata of the two 

groups of rats (7 rats per group) used 

in the circling experiments. Shaded 

areas indicate 6-OHDA (8 pgin2 pi) 

was injected into the region. 
against 0.17+0.01 ug g`“, P<0.01) of control by the nucleus 
accumbens lesion. i 
Figure 2 shows the responses of the two groups of animals 
to intraperitoneal injections of amphetamine (5 mg kg™") 
and apomorphine (0.5 mg kg™"). The effect o 6-4 
lesion of the nucleus accumbens was to blo 
rotation produced by amphetamine, and. 
contralateral rotation produced by apomorp 











the 6-OHDA lesion of the nucleus acc an 
mesolimbic dopamine neurons and 






innervating the neocortex we be ieve the ; 
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* of the lesion result from the destruction of mesolimbic 
dopamine neurones as we have recently obtained similar 
results when rats were treated with desipramine before the 
6-OHDA injection. This pretreatment protects noradrenergic 
neurones from destruction by 6-OHDA™™”. It therefore 
seems that activity in the mesolimbic dopaminergic system 
is as important as an imbalance of striatal dopaminergic 
activity for the expression of drug-induced rotational be- 
haviour. When amphetamine-nduced release of dopamine 
from mesolimbic neurones is prevented by their destruction 
amphetamine-induced rotation is blocked. The rotation 
produced by the directly acting dopamine agonist apomor- 
phine, however, is enhanced, presumably because the de- 
nervated mesolimbic dopamine receptors become super- 
sensitive. 

These findings have implications for the use of rotational 
models in assessing the effects of drugs as agonists or 
antagonists at dopamine receptors. First it is clear that the 
drug-induced rotation of rats with unilateral 6-OHDA- 
induced destruction of nigrostriatal neurones dis not a pure 
model of striatal dopaminergic mechanisms. Rather it seems 
that rotational behaviour depends on an imbalance of 
striatal dopaminergic activity plus activity in the mesolimbic 
dopamine system. The predominant effect of activity in the 
mesolimbic system seems to be on the rate of circling rather 
than its direction. In contrast to the nigrostriatal system 
there appears to be no directional influence of mesolimbic 
dopaminergic activity. Rats with unilateral 6-OHDA-induced 
destruction of mesolimbic dopamine neurones do not rotate 
in response to amphetamine or apomorphine’. Neither do 
unilateral injections of dopamine agonists into the nucleus 
accumbens cause any rotation’. 

As a tool for screening potential dopamine agonists and 
antagonists the rotation model remains useful. It would, 
however, be wrong to assume that the effects of dopamine 
agonists and antagonists in this preparation were due solely 
to their effects on striatal dopaminergic mechanisms. For 
example, drug-induced rotation would be blocked by drugs 
which blocked only mesolimbic or only striatal dopamine 
receptors. This point may be of more than theoretical inter- 
est as there is some evidence for differences between 
mesolimbic and striatal dopamine receptors”. The rotation 
produced by dopamine agonists can clearly be affected by 
the actions of the drug on mesolimbic dopamine receptors, 
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Fig. 2 Turning produced by (+)- 
amphetamine (a) (5 mg kg™}, ip.) 
or apomorphine (b) (0.5 mg kg 
intraperitoneally) in rats with unilat- 
eral 6-hydroxydopamine (6-OHDA) 
lesions of the caudate nucleus 
with (@) or without (©) additional 
bilateral 6-OHDA lesions of the 
nucleus accumbens. Positive values 
represent turning towards the lesion- 
ed caudate while negative values 
denote the opposite direction. Mean 
+sem. for groups of 7 rats. 
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but our results do not predict whether a drug must act as 
an agonist at both mesolimbic and nigrostriatal dopamine 
receptors to produce rotation. It is conceivable, for example, 
that activation of nigrostriatal dopamine receptors by the 
drug and release of endogenous dopamine in the mesolimbic 
system would be sufficient to cause rotation. However, after 
injections of dopamine or dopaminergic agonists into the 
striatum the major effect seems to be postural asymmetry 
rather than a quantitative rotational response”. Activation 
of mesolimbic dopamine receptors by dopamine agonists 
may therefore be a necessary condition for these drugs to 
produce rotation, 

Our results show that a drug-induced behavioural expres- 
sion of nigrostriatal output, rotation, is markedly modified 
by the concomitant activity at mesolimbic dopamine recep- 
tors. Probably, therefore, activity at mesolimbic dopamine 
receptors can modify the effects of nigrostriatal activity in 
the undrugged animal, and the mesolimbic and nigrostriatal 
systems may interact physiologically in the control of motor 
behaviour. The connections which have been described be- 
tween the nucleus accumbens and the caudate nucleus” 
and substantia nigra? 7” might provide an anatomical basis 
for mesolimbic-nigrostriatal interactions such as those which 
we have described here. Finally, it is worthy of comment 
that this and previous work" emphasises a role of the 
mesolimbic dopamine system in motor function. Its path- 
ology in motor dysfunction has very recently been reported 
(O. Hornykiewicz, unpublished). 

This work was supported by the USPHS and the Well- 
come Trust. We thank Nan Friedle and Sue Stahl for their 
assistance. 
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Fusion of human erythrocyte 

ghosts promoted by the combined 

action of calcium and phosphate ions 

CALCIUM fons are important in almost all membrane fusion 


systems!" Murayama and Okada? showed that Sendai virus- 
induced fusion of Ehrlich ascites cells required Ca?*+. When 
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Ehrlich ascites cells were treated with Sendai virus in the 
presence of EDTA, cells agglutinated and lysed but did not 
fuse?“, Similarly, Ca?+ was required for the fusion of erythro- 
cytes stimulated by chemicals such as lysolecithin® or glyceryl 
monooleate*. Ca*+ plus the ionophore A23187 (ref. 7) or Ca** at 
high pH (ref. 8) promoted the fusion of chicken erythrocytes. 
Fusion of phosphatidylserine-rich liposomes was absolutely 
dependent on the presence of Ca***. We describe here the 
fusion of human erythrocyte ghosts promoted by the combined 


action of Ca*+ and phosphate buffer. Human erythrocyte. ° 


ghosts, because’ they lack cytoplasm and are easily filled with 
small or large molecules’*" are useful for the investigation of 
membrane fusion. i T 
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‘calcium phosphate formed in the experimental conditions. e 


In Tricine or Tris buffer plus Ca*+ neither agglutination nor 
fusion was observed. To obtain fusion, it was essential to 
incubate the ghosts in phosphate buffer and then to add the 
Ca*+. If the Ca!+ and the phosphate buffer were preincubated 
for 20 min at 37°C before addition of erythrocyte ghosts, 
calcium phosphate precipitated. When ghosts were added to 
such a precipitate, there was some agglutination followed by 
lysis but no fusion. Calcium phosphate has been implicated in 
the facilitation of extracellular DNA .uptake in eukaryotic 
cells!*, 

Table 2 shows the effects of changing the pH of the phosphate 
buffer on the agglutination and fusion of erythrocyte ghosts in 


Table 1 Agglutination and fusion of human erythrocyte ghosts in presence of bivalent cations and various buffers 


Experiment Buffer Salt Concentration Agglutination Fusion 
(mM) 
(1) Phosphate None 
Phosphate CaCl, 2 +++ FHH 
Phosphate BaCl, 4 +-+ ++ 
= Phosphate MnCl, 2 THE oe i = 
gies Phosphate ZnCl 2 cca le ea = 4, $ 
Phosphate - MgCl, 2 — — 
(2) Phosphate None — — 
Phosphate CaCl, 2 FEF Tr 
» Arsenate None — — 
Arsenate ` CaCl, 2 — Trace 
Trcine-NaQH None — — 
Trcine-NaOH CaCl, 2 — — 
Tris-HCl ' None — — 
Tris-HCl CaCl, 2 2 — 





Out-dated human blood type O was obtained from the blood bank of Hadassah Hospital, Jerusalem. Blood aged from 4—8 weeks was used 


(stored blood) In experiment (1) stored human erythrocytes were wash 


ed three times with a solution containing 150 mM KCI and 10 mM 


sodium phosphate buffer, pH 7.4 (isotonic solution) as described before’. To prepare ghosts, 2.5 mi of 25% (v/v) erythrocytes in the isotonic 


medium were dialysed for 2 h 
were resealed by adding 0.125 


21 of hypotonic medium containing 40 mM KCI and 10 mM sodium phosphate buffer, pH 7.4. Ghosts 
of a solution containing 2.2 M KCI and 


02 M MgSO, and incubating them at 37 °C for 15 min. The ghosts 


were then washed three times in the isotonic solution. Erythrocyte ghosts were fused as follows. Reaction mixtures contained a final concentration 
of ghosts equivalent to 1.25% (v/v) of the original erythrocytes in a solution containing 120 mM KCl, 30 mM NaCl and 10 mM sodium phos- 


pe buffer, pH 7.4. The experiment was initiated by adding bivalent metal ions as shown in the table and incubating the s 


ons at 37 °C 


or 20 min. In expenment (2) erythrocyte ghosts were prepared as described for experiment (1) except that the phosphate buffer in the isotonic 


and hypotonic solutions was replaced where indica 


Fusion: +, fusion of two to four cells, and 5—10 f the 


+ + +, large polyghosts derived from 10-20 cells and 


Table 1 shows the effects of various bivalent cations and 
different buffers on the agglutination and fusion of erythro- 
cyte ghosts. Ca*+ plus phosphate buffer was the most effective 
combination for promoting fusion. Ba?+ (Table 1) and Sr*+ 
(not shown) with phosphate buffer caused a moderate amount 
of fusion, and Ca*+ and arsenate buffer caused a very small 
degree of fusion. Fusion was maximal with Ca** and phosphate 
buffer after 15-20 min of incubation at 37 °C but the ‘poly- 
ghosts’ formed were unstable and disintegrated after a further 
10-15 min. Ca*+, Mn*+, Zn*+ and Ba*+ agglutinated ghosts in 
the presence of phosphate buffer (Table 1). Zn*+ and Mn?*t in 
phosphate buffer did not promote fusion although they were 
active agglutinating agents. There seems to be a close correla- 
tion between the formation of a precipitate with phosphate ions 
and the agglutinating effect of bivalent cations. Mg**, the only 
cation tested which does not form a precipitate with phosphate, 
did not agglutinate ghosts. All bivalent metal ions which 
formed precipitates with phosphate caused agglutination. 
Fusion thus seems to be distinct from agglutination, and more 
specific in its bivalent metal ion, requirement. Furthermore, in 
other experiments not shown here, ghosts agglutinated with 
Ca*t plus phosphate buffer disaggregated when titrated with 
acetic acid. The amount of.acetic acid required for disaggrega- 
tion was identical to that required to dissolve the precipitate of 


by 10 mM Tricine—NaOH buffer, 10 mM Tris-HCI buffer or 10 mM sodium arsenate 
buffer, pH 7.4. Ghosts were fused as described for experiment (1). Agglutination and fusion were estimated by 
Agglutination: +, clump of 5-10 cells; + +, clumps of 10-20 cells; +-+ +, clumps of 50-100 cells; ++ ++, big clum 

os fused; + +, polyghosts derived from 5-10 cells, and 1 
% of ghosts fused 


hase contrast microscopy. 
of 100 cells or more. 
20% of ghosts fused; 


* 


the presence of Ca*+. Erythrocyte ghosts were agglutinated 
from pH 7.0 upwards; and fusion was maximal at pH 7.5. There 
was a direct correlation between the amount of calcium phos- 
phate precipitated, which increased with pH, and the extent of 
agglutination. 





Table 2 Effect of pH on agglutination and fusion of human erythro- 
cyte ghosts by Ca’* plus phosphate 





pH Agglutination Fusion Remarks 

5 2 L 

5.5 — — 

6 = pa 

6.5 + — 

7 ++ + Fusion after 60 min 
7.5 +++ Fpp Fusion after 20 min 
8 a SAR EE I 5 ial Fused cells disinte- 
8.5 ++++ t ed shortly after 
9 ee g + usion 





Erythrocyte ghosts were prepared as described in Table i for 
experiment (1). Reaction mixtures contained a final concentration of 
ghosts eq t to 1.5% (v/v) erythrocytes in a solution containing 
120 mM KCI, 30 mM NaCl, and 10 mM sodium phosphate buffer, 
at the pH indicated. The experiment was Initiated by adding CaCl 
at a final concentration of 2 mM and the suspensions were incu 
immediately at 37°C for 20 min. Agglutination and fusion were 
estimated as described in:‘Tabk 1. 
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Table 3 Effect of internal ATP on fusion of human erythrocytes or erythrocyte ghosts 








memuaare: 


POAT HRMS ale ee nee rte tt tte RE ARIA AEN NANT ET RI NANA ainka bo es flee eraa evry. 


Experiment Cells Treatment Addition during Agglutination Fusion 
fusion 
(1) Fresh human Stored at 4 °C None 3 | é = 
erythrocytes 2 mM CaCl, PEE m 
Incubated at None > a i 
37 °C with glu- 
cose, adenine, 
inosine and 
phosphate 2 mM Cac, ape aje h j = 
Incubated at None — 
37 °C with NaF 
{(ATP-depleted) 2 mM Cac. pr e e a A ob 
(2) Human erythro- None o a x 
cyte ghosts 2mM CaCl, Toti EAE 
ATP-containing None 
human erythro- 
cyte ghosts 2 mM CaCl, apia 


TOTT a a e unnese 





_ In experiment (1), fresh human blood type O was used. ATP-depleted blood was prepared as described before™, The erythrocytes were washed 
in a solution containing 135 mM KCl, 5.4 mM NaCl, 0.8 mM MgsO, and 20 mM Tricine~NaOH, pH 7.4. Blood, 2°: (v/v) was incubated 
overnight at 37 °C in the presence of 10 mM NaF for depletion of ATP or in the presence of 5 mM glucose, 10 mM adenine. 2 mM inosine and 
35 mM sodium phosphate as a control. The samples were washed three times in a solution containing 120 mM KCI, 30 mM NaCl and 20 mM 
Tricine-NaOH, pH 7.4, Blood not incubated overnight was washed in the same solution. The three kinds of erythrocytes were suspended in 
the above solution at a concentration of 1.25%, (v/v) in the presence of 2 mM CaCl, and 5 mM glucose (glucose was omitted in the depleted 
blood) for 30 min at 37 °C. The samples were then washed three times in a solution containing 120 mM KCI, 30 mM NaCl and 10'mM sodium 
phosphate buffer, pH 7.4, and suspended at a concentration of 2.5 vo» (viv). For fusion, CaCl, at a final concentration of 2 mM was added to 
each of the erythrocyte suspensions and they were transferred immediately to 37 °C for 20 min with slow shaking. Agglutination: 


big clumps of more than 100 cells. Fusion: 


+ +, polyerythrocytes made of 10-30 cells and 20-30°% of the cells were fused. In experiment (2) 


stored human erythrocytes type O + were washed three times in a solution containing 160 mM KCI and 20 mM Tricine-NaOH, pH 7.4. Ghosts 
were prepared as follaws: ATP was trapped in human erythrocyte ghosts by dialysis of 1.25 ml of 25°% (v/v) of erythrocytes in the presence or 
absence of 5 mM ATP for 2h, against | lofa hypotonic medium containing 40 mM KCl and 10 mM Tricine~-NaOH, PH 7.4 a10°C. To It mi 
of each system of ghosts 0.050 ml of a solution containing 2.2 M KCI and 0.02 M MgSO, was added. The ghosts were resealed for 5 min at 


37 °C then washed ina solution containing 150 mM KCl and 10 mM sodiu 
lent to 25% (v/v) of the original erythrocytes. Fusion was achieved as 


m phosphate buffer, pH 7.4 and suspended at a concentration equiva- 


described in Table 1, experiment (1). The cells were incubated at 37 °C 


for 30 min. Agglutination and fusion were estimated as described in Table 1. experiment (1). 


Fresh human erythrocytes incubated with Ca2+ and phos- 
phate buffer at pH 7.4 agglutinated but did not fuse (Table 3). It 
seemed possible that the failure of intact erythrocytes to fuse 
was attributable to the low concentration of internal Ca2+ 
maintained by their Ca?* pump. Since depletion of ATP 
inhibits the Ca?+ pump which expels Ca?* from the erythro- 
cyte cytoplasm, the effect of ATP depletion on fusion was 
tested. Table 3 shows that ATP-depleted erythrocytes fused 
readily in phosphate buffer plus Ca2*. The polyerythrocytes 
formed were unstable and disintegrated about 10 min after 
fusion. The inclusion of ATP in erythrocyte ghosts causes 
internal Ca?* to be pumped out of them", so it was of interest 
to test the fusion of ghosts containing trapped ATP. Erythro- 
cyte ghosts containing ATP agglutinated, but did not fuse, in 
conditions where ghosts without ATP fused freely (Table 3). 
These observations could be explained by assuming that 
fusion of erythrocytes or their ghosts requires intracellular Ca?’. 
in earlier experiments, Ahkong et a/.? showed that chicken 
erythrocytes, pretreated with neuraminidase, fused when Ca?+ 
was introduced to the cytoplasmic side of the membrane with 
cation ionophore A23187. 

We have achieved fusion of human erythrocyte ghosts with- 
out the aid of virus, using Ca?* and phosphate ions at a physio- 
logical pH and temperature. Previously, virus-induced fusion 
of human erythrocyte ghosts was observed only after gradual 
haemolysis in the presence of bovine serum albumin” or after 
drastic haemolysis followed by treatment with sulphydryl group- 
blocking agents!®, 

l Addition of Ca?* to the medium causes the aggregation of 
intramembrane particles of human erythrocyte ghosts!’, 
Presumably the Ca?* penetrates to the cytoplasmic side of the 


membrane where it causes polymerisation of spectrin and con- 


sequent intramembrane particle aggregation”. It has been 
Suggested that fusion of cells involves the rearrangement of 
intramembrane particles'*®. Because of the apparent interrela- 
tionships of Ca?*, intramembrane particle rearrangement and 


fusion, we used freeze-etching to investigate the distribution of 
intramembrane particles in ghosts fused with Ca®* and phos- 
phate ions. Figure la shows a section of erythrocyte ghosts 
fused with Ca?* and phosphate ions. A polyghost agglutinated 
with unfused ghosts can be seen. Figure 1b shows a freeze- 
fracture picture of two cells whose membranes are in close 
juxtaposition. Most of the area of the inner phase of the mem- 
brane in both cells contains crowded intramembrane particles. 
The area of close contact of the two cells (arrow) is interesting 
in that it is almost devoid of intramembrane particles, and, 
there seems to be an interdigitation of membrane projections. 
it seems likely that this isan area of contact just before fusion. 

Figure lc is a freeze-fracture picture from a ghost prepara- 
tion after fusion. The fracture face of the inner phase of the 
membrane consists of two areas studded with tightly packed 
intramembrane particles connected by a folded smooth area 
almost devoid of particles. It is tempting to suggest that the 
smooth area is a region of fusion joining two cells. No such 
smooth areas were detected in unfused controls. Since intra- 
membrane particles are probably membrane proteins or 
glycoproteins, and fusion of cells has been suggested to occur 
between areas of exposed phospholipids, intramembrane 
particles might have been removed from regions in which 
fusion occurs. Previous work in our laboratory showed that on 
clustering of intramembrane particles, phospholipids are 
exposed and become susceptible to attack by chemical agents 
and phospholipases**-*!. 

There are strong indications that Ca** is involved in certain 
biological processes involving membrane fusion such as 
secretion of macromolecules**, endocytosis?®, fusion of myo- 
blasts*, and fusion of Golgi vesicles”. It is possible that fusion 
in these cases occurs by a similar mechanism to that suggested 
here. 

We thank Mrs Yehudit Reichler for her excellent assistance in 
freeze-etching and electron microscopy. This work was sup- 
ported by grants from the Stiftung Volkwagenwerk to A. L. 
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Fig. 1 Electron micrographs of human erythrocyte ghosts in 
the process of fusing. Human erythrocyte ghosts were prepared 
and fused as described in the legend to Table 1, experiment (1). 
The bivalent metal used was CaCl, (2mM). Samples were 
incubated for 25 min at 37 C for fusion. Preparation of sections 
for electron microscopy (a) was as described before*’. Freeze- 
fractured cells were prepared essentially as described before™ 
with the following modifications. Erythrocyte ghosts were fixed 
immediately after fusion by addition of glutaraldehyde (Ladd 
Research Industries) to a final concentration of 1°, (v/v) and 
centrifuged at 12,000¢ for 5 min. a, Electron micrograph of a 
polyghost tightly agglutinated with unfused ghosts (= 4,800). 
b, Freeze-fracture picture of two cells tightly agglutinated before 
fusion. Interdigitated region of contact (arrow) is poor in intra- 
membrane particles (= 38,280). c, Freeze-fracture picture of 
fused ghosts. Note folded smooth area separating surfaces with 
tightly packed intramembrane particles. The smooth area is 
presumed to be a region of fusion between two ghosts ( < 61,200). 
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T lymphocytes with promiscuous cytotoxicity 


Cyrotoxic T lymphocytes generated during a unidirectional 
mixed lymphocyte culture (MLC) lyse target cells which 
have the antigenic phenotype of the allogeneic stimulating 
cells. The cytotoxic effect is restricted to cells that bear 
the same major histocompatibility antigens (H-2 antigens 
in mice) as the stimulating cells’. H-2 restriction of cyto- 
toxicity is also seen when immune T lymphocytes react 
in vitro to cells bearing viral’, chemical’, or minor histo- 
compatibility antigens’ or following autosensitisation against 
unmodified fibroblasts’. Thus, H-2 restriction of cytotoxic 
lymphocytes has been observed in many circumstances. We 
now report that cultures of normal spleen cells generate 
T lymphocytes that damage target cells regardless of their 
H-2 phenotype. 

To investigate the influence of alloantigens on the 
generation of cytotoxic T lymphocytes, we cultured normal 
mouse spleen in the presence or absence of allogeneic 
stimulator spleen cells or fibroblasts. After 5d culture, the 
responder lymphocytes were tested against various fibro- 
blast monolayer targets using a modification of a standard 
microcytotoxicity assay. In this system the number of 
adherent fibroblasts remaining after 48h of incubation 
with the cultured spleen cells was measured by uptake of 
radioactive “Cr. As seen in Table la, C57L (H-2") spleen 
cells. after incubation with irradiated CBA stimulator cells 
(H-2"), caused fourfold greater cytotoxicity of BIO.Br 
(H-2*) than C57BL/6 (H-2*) fibroblasts. This demonstrated 
the expected relative H-2 restriction of T-cell cytotoxicity 
which results from an allogeneic MLC. The presence of 
allogeneic fibroblasts also induced H-2-restricted cytotoxi- 
city (Table 15). 

In contrast, spleen cells cultured alone, without allogeneic 
stimulator cells, showed a similar high degree of cytotoxicity 
against target fibroblasts without H-2 restriction (Table Ic) 
In each of 20 experiments, normal spleen cells cultured for 
Sd developed promiscuous cytotoxicity that did not dis- 
criminate among the H-2 phenotypes of target fibroblasts 

To identify the effector cell in the population of cultured 
spleen cells, the influence of anti-@ treatment’ was tested 
with the results shown in Table 2. The marked decrease of 
cytotoxic activity after anti-6+C’ treatment suggests that 
a T lymphocyte was necessary for the expression of 
promiscuous cytotoxicity. This conclusion was supported by 
the finding that the cytotoxic effect was not decreased by 
filtering the effector cells through nylon wool. Thus, 
promiscuous cytotoxicity, like H-2 restricted cytotoxicity’ 
seems to be a function of T lymphocytes. Cell-free medium 


700 


in which effector lymphocytes had been cultured for 48h 
showed no cytotoxicity against target fibroblasts when com- 
pared with fresh medium. Therefore there was no evidence 
for a nonspecific cytotoxic factor produced by the 
lymphocytes. 

Experiments were carried out to identify the require- 
ments for induction of promiscuous cytotoxicity. Fresh 
spleen cells or spleen cells cultured for up to 48h did not 
produce this effect. Cells cultured for 3d had 50% of 
maximal cytotoxic activity. Peak activity was usually 
Geter at EE A A 
Table 1 Induction of H-2-restricted or promiscuous cytotoxicity 

by culture of normal spleen cells 


EPE PERES PAR EREE EE AME EDs EI i O OSE IG NAR AE NO E 
Induction culture* 


Allogeneic 
stimulator Target fibroblasts 
Spleen cells cells 1o 
Strain H-2 Strain H-2 Strain H-2 Cytotoxicityt 
a C57L b CBA k CS57L b 27 
spleen B10.BR k 98 
cells 
b BIO b BIOA a B10 b 3 
fibro- BIO.A a 83 
blasts 
BIO.A a B10 b BIO.A a 8 
fibro- B10 b 84 
blasts B1i0.D2 d 7 
B10.BR k 5 
e C57L b None C57L b 75 
BIO.BR k 67 
BIO b None BIO b 92 
B10.D2 d 9] 
BI0.BR k 89 
BIO.A a 96 
BIO.A a None BIO.A a 93 
B10 b 94 
B10.D2 d 94 
BIO.BR k 94 
NZB d None NZB d 78 
BIO.A a 73 
C57BL/6 b None CS7BL/6 b 76 
NZB d 81 
BALB/c d None DBA/2 d 90 
C57BL/6 b 92 


*Suspension of spleen cells of 6-8-week-old male mice were 
prepared by forcing fragments of spleen through a tantalum gauze 
mesh. The spleen cells were suspended in medium consisting of 
RPMI 1640 (Grand Island, Gibco) plus 10% foetal calf serum 
(FCS) (heat inactivated at 56% for 30 min; Gibco), 5x 10-5 
M 2-mercaptoethanol, sodium pyruvate 1 mM (M icrobiological 
Associates), non-essential amino acids 0.1 mM ( Microbiological 
Associates) and penicillin (5,000 units mi~) and Streptomycin 
(5,000 ug mi~!) (RPMI-+- 10° FCS). The spleen cells were washed, 
centrifuged and resuspended at a concentration of 7x10" viable 
nucleated cells in 2 ml of RPMI+-10°% FCS. The spleen cells were 
incubated for 5 d in 16-mm tissue culture wells (Costar) in a volume 
of 2 ml per well at 37 °C in moist air plus 10° CO,. After induction 
the spleen cells were collected from the culture wells by repeated 
pipetting of the medium, washed by centrifugation and tested for 
cytotoxicity. Some induction cultures contained allogeneic stimulator 
cells which were either 3.5 x 10° irradiated (2,000 r.) spleen cells (a), 
or monolayers of 10° fibroblasts (4). The fibroblasts were prepared 
from 13-17-d-old mouse embryos as described. 

tCytotoxicity was assayed in quadruplicate by incubating test 
spleen cells with target fibroblasts at effector—target ratios of either 
50:1 or 100:1. Control cultures contained fresh uncultured spleen 
cells of the same genotypes as the test spleen cells. One million spleen 
cells in 2 ml RPMI- 10° FCS were added to either 104 or 2 » 10? 
target fibroblasts which had been cultured for one day in 16-mm 
culture wells. After 44 h, the spleen cells and detached fibroblasts 
were aspirated and the adherent fibroblasts washed four times with 
RPMI x 10% FCS. To measure the relative numbers of adherent 
fibroblasts, we incubated each culture well for 40 min with 3 pCi 
“Cr in 0.2 mi of 0.3 M sucrose. The wells were then washed 
twice with RPMI-+- 10°, FCS and aspirated dry. Uptake of “Cr was 
determined by digesting the fibroblasts with | ml 0.1 N NaOH. After 
36 min the contents of each well were transferred to plastic tubes and 
radioactivity was measured in gamma counter. Percentage cytotoxicity 
was computed as (I~mean c.p.m. (target with test spleen cells/target 
with control fresh spleen cells) x 100), The standard deviations were 
always less than 10°% of the mean c.p.m. 
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attained after 4-5d of culture and persisted undiminished 
for up to 9d. 

Adherent cells such as macrophages are involved in the 
induction of cytotoxic T lymphocytes by allogeneic cellist. 
The role of an adherent population in the induction and 
effector phases of promiscuous cytotoxicity was investigated 
with the results shown in Table 3. Spleen cells were plated 
on Petri dishes for Ih at 37°C. The non-adherent cells 
were removed, cultured alone for 5d and then assayed for 
cytotoxicity. The non-adherent cells had a markedly 
decreased capacity to generate cytotoxic cells when com- 
pared with an unseparated population. Conversely, absorp- 
tion of spleen cells on Petri dishes after Sd of culture did 
not reduce their capacity to mediate cytotoxicity. Frac- 
tionation of spleen cells on nylon wool columns before or 
after in vitro culture confirmed the requirement for an 
adherent cell in the induction of cytotoxicity, but not in 
the effector phase. 

The inducer of promiscuous cytotoxicity is unknown. 
Foetal calf serum in the culture medium might have con- 
tained mitogen-like substances capable of inducing poly- 
clonal differentiation of effector lymphocytes’. It is also 





Table 2 Effect of anti-@ treatment on promiscuous cytotoxicity 


Treatment of C57BL/6 cytotoxic “, Cytotoxicity of CS7TBL/6 
spleen cells fibroblast targets 


None 94 
C 9] 
Anti-8 93 
Anti-9 1-C’ 33 








Promiscuous cytotoxicity was induced and tested as in Table 1. 
After induction, the spleen cells were untreated, or treated with 
complement (C) anti-8 globulin or anti-9 globulin + C’ and tested for 
cytotoxicity against syngeneic fibroblasts (see Table 1). Anti-@ 
globulin (Cohn Fr. H of AKR anti C3H8 serum) was added to spleen 
cells (30 x 10"-50 x 10°) at a dilution of 1:10 in 0.3 mi and incubated 
at room temperature for 45 min. C (fresh guinea pig serum absorbed 
with C57BL/6 spleen cells for one hour at 0 °C) was used at a final 
dilution of 1:9 in | ml and incubated at 37 °C for | h. Some spleen 
cells were treated sequentially with anti-@ globulin followed by C’. 


possible that the foetal calf serum was specifically immuno- 
genic during induction, Its association with the fibroblasts 
in the target cultures could therefore have triggered cyto- 
toxicity to the fibroblasts'’. This is unlikely, however, since 
we found that adding either allogeneic or syngeneic fibro- 
blasts to the inducing cultures led to H-2 restriction of the 
resulting cytotoxicity (our unpublished results). 

Regardless of the underlying mechanism, it is clear that 
in vitro culture of spleen cells can lead to the generation 
of T lymphocytes with relatively unrestricted cytotoxicity. 
How then does addition of allogeneic cells to the culture 
abort promiscuous cytotoxicity? It is possible that the 
relevant alloantigens may favour the selective proliferation 
of clones. Alternatively, the induction of specific cytotoxi- 
city by allogeneic cells may be accompanied by the active 
suppression of unselected clones. 

The emergence of nonspecific suppressor activity follow- 
ing in vitro culture of normal spleen cells has been observed 
by Hodes and Hathcock'' and by Burns er al”. “Pre- 
cultured” spleen cells could not be induced into cytotoxic 
effectors in an MLC, Such cells also suppressed the 
responses of fresh spleen cells to allogeneic or modified 
syngeneic targets, The induction of antibody production 
in vitro was also inhibited by spleen cells cultured in a 
similar manner”. This suppression was mediated by a T 
lymphocyte and had similar kinetics and cellular require- 
ments for induction as the promiscuous cytotoxicity 
reported here. 

What is the relationship between promiscuous cytotoxi- 
city and the reports of suppressor activity that developed 
spontaneously in cultures of mouse spleen cells? These 
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Table 3 Effect of removal of adherent cells on promiscuous 
cytotoxicity 








° Cytotoxicity of NZB 


Absorption of BALB/c spleen 
fibroblast targets 


cells on Petri dishes 


None 76 
Before induction 18 
After induction 70 


enema maaana a a mae Sissi n» 
Promiscuous cytotoxicity was induced and tested as in Table 1. 


Some of the spleen cells were absorbed before induction by placing 
20x 10° cells in 3 ml RPMI + 10% FCS in 60-mm tissue culture 
dishes (Falcon) and incubating at 37 “C for 1 h. Non-adherent cells 
were removed by repeated pipetting, cultured for 5 d and tested for 
cytotoxicity. Some spleen cells were cultured for 5d and then absorbed 
as above. The non-adherent cells were then tested for cytotoxicity. 


phenomena conceivably result from activities of distinct 
subclasses of T lymphocytes: cytotoxic and suppressor cells. 
Alternatively, these phenomena may reflect the dual 
function of a single subclass of lymphocytes. In other words, 
these different in vitro measurements may be manifestations 
of the same biological function. Suppression of an MLC 
or antibody production"? could result from indiscriminate 
damage to the reacting lymphocytes. And the effect we 
observed may be yet another manifestation of suppressor 
cell function. Identity of suppressor and cytotoxic T 
lymphocytes is also supported by the finding that the cells 
mediating these activities share the same Ly-2,3 T-cell 
marker", 
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New principle for the 
analysis of chemical carcinogenesis 


Tue development of cancer following exposure to chemical 
carcinogens or to various forms of irradiation is almost 
invariably slow and prolonged. Although the process can 
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be initiated by a brief exposure to a carcinogenic stimulus, a 
there is no evidence that target cells so altered are cancer 
cells. Rather, there is abundant indirect evidence from 
many systems that what is induced is an altered cell or 
cell population from which malignant neoplasia can 
gradually develop or evolve’™’, Neoplastic development 
therefore resembles a chain reaction, triggered by exposure 
to a carcinogen, in which the links are new populations 
with altered organisational, structural and biochemical 
properties. These slowly proliferative new lesions are 
characteristically focal in distribution, implying that only 
a small proportion of the original target cell population 
in any organ or tissue participates. It is not known what 
the critical property (or properties) is that makes initiated 
cells so important in carcinogens and the failure to 
understand and manipulate this early step has been a 
major impediment to its analysis. 

We have developed a new approach to the study of 
chemical carcinogenesis which seems to offer the first 
quantitative assay for populations of initiated cells, as well 
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Fig. 1 Schematic representation of the assay procedure (a) for 

initiated cells in liver induced by a carcinogen. 4, c, d, Essential 

controls. DEN, 200 mg per kg body weight intraperitoneally ; 

—, | week of basal diet; ~~ — , | week basal diet plus 0.02% AAF; 
PH, partial hepatectomy; SH, sham hepatectomy. 


as the possibility of a sequential analysis of some of the 
early putative preneoplastic and premalignant hepatocytes 
for liver cancer. The principle is functional rather than 
morphological or biochemical and depends on the in- 
creasing evidence that the selective growth of focal pre- 
cancerous liver cells seems to result from their relative 
resistance to the cytotoxic action of hepatocarcinogens, 
coupled with the creation of a local environment for their 
proliferation. 

All known hepatocarcinogens inhibit regeneration of 
liver cells following partial hepatectomy and at higher 
doses may lead to liver-cell death. The focal, slowly pro- 
liferative cell populations called hyperplastic nodules, that 
occur in the liver before the appearance of cancer, all 
acquire new properties relating to the metabolism and 
toxic effects of hepatocarcinogens and other hepatotoxins 
that require metabolic activation. These include resistance 
to hepatotoxin-induced cell death’, decreased uptake and/or 
activation of some carcinogens’, a uniform decrease im 
several components of microsomal mixed function mono- 
oxygenase system including cytochrome P450, aryl hydro- 
carbon hydroxylase and aminopyrine demethylase*”’ atid 
also the capacity for proliferation following ‘partial 
hepatectomy during carcinogen administration”. 

In the light of these considerations, we wondered 


Pate %. 
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whether an early, or even first, change induced by an 
hepatocarcinogen might be the induction of an altered 
metabolic pattern in some liver cells (similar to that seen 
in hyperplastic nodules), such that these cells would have 
a potential growth advantage over the majority of original 
hepatocytes in a cytotoxic environment. If this were the 
case, it should be possible to detect the altered cells soon 
after initiation by creating an intense stimulus for pro- 
liferation in the presence of a toxic growth inhibitor 
requiring metabolic activation. Initiated cells with a 
decreased capacity for activation might proliferate rapidly, 
whereas cells unaltered in this respect would activate the 
carcinogen and thereby generate a derivative which would 
inhibit their proliferation. On the basis of this theory, 
we devised an assay system for such resistant cells (Fig. 1a). 
The assay system consists of three components: an initiator, 
for example, diethylnitrosamine (DEN); a selective growth 
inhibitor, 2-acetylaminofiuorene (2-AAF), and a generalised 
potent growth stimulus, in this case, partial hepatectomy 
(PH). The major carcinogen so far studied has been DEN, 
since it can induce liver cancer in the rat slowly with a 
single oral, intravenous, or intraperitoneal administration®”’. 
DEN was given intraperitoneally to Fischer-344 rats at a 
dose of 200 mg kg”. Following a 2-week period of recovery 
from the initial cell damage, the animals were fed a 
standard basal diet (24%. protein) containing 0.02% 2-AAF 
for 1 week and were then subjected to 67% partial 
hepatectomy. With only 2-AAF and partial hepatectomy, 
there was no hepatocyte proliferation, and no labelling of 
hepatocyte nuclei with *H-thymidine as observed auto- 
radiographically. In animals pretreated with DEN, how- 
ever, there were multiple focal islands of proliferating 
intensely basophilic hepatocytes (Fig. 2) distributed 
randomly throughout the liver which started to appear 
about 30h after operation. They grew rapidly, so that 
within 7~10d they are visible grossly as small, greyish- 
white nodules about 1 mm in diameter. No such foci were 
seen in animals treated with saline in place of DEN, given 
2-AAF without PH, subjected to PH without concomitant 
exposure to 2-AAF or subjected to sham operation. 
Although subsequent studies have shown that feeding the 
2-AAF diet for about 3 weeks before PH is sufficient to 
induce a few basophilic foci, they were rarely seen in the 
present experiments without pretreatment with DEN. 





Fig. 2 Low power view ( <7) of a routine histological section of 

liver from a rat showing many initiated basophilic foci (X). 

This animal received 200 mg kg~! DEN according to the regimen 
in Fig. ta and was killed 9d after partial hepatectomy. 


The number of foci induced by DEN varies with the 
dose. Figure 3 shows the relative ‘focus-forming ability’ 
over a dose range of 20 to 200 mg kg. The foci could be 
counted either by low power examination of histological 
sections (Fig. 2) or at 7-10d by counting the foci in a 
gross liver section, the sections of liver having been taken 
from a standard site. Foci similar to those seen with DEN 
have been induced by every hepatocarcinogen studied to 
date, including dimethylnitrosamine, aflatoxin BI, and 
N-hydroxy-2-AAF. 

The initiated foci can be labelled with *H-thymidine 
without labelling the surrounding original hepatocytes and 
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in this way, the fate of the hepatocytes in the foci can be 
followed. If the dietary 2-AAF is discontinued following 
partial hepatectomy, selective proliferation of the foci stops 
as the majority of original hepatocytes recover the ability 
to proliferate. By manipulating the conditions, it thus 
becomes possible to control the number of cell prolifera- 
tions and to study their role in the development of cancer. 
Following termination of the specialised regimen at 7d 
after operation, the foci continue to grow, so that by 8 
weeks the liver is composed of many hyperplastic nodules 
indistinguishable from those described previously >", If 
the animal is not subjected to the ‘selection pressure’ used 
(2-AAF plus PH), the latent or potential foci persist for 
at least 10 weeks without any significant change in size 
or number, Thus, the initiated hepatocytes induced by 
DEN have not yet acquired the property of autonomous 
growth but can be induced to grow in an appropriate 
environment. Also, we have obtained no evidence for their 
recognition by the host or for their removal or repair. The 
later development of some autonomous growth of such 
cells represents another step in the sequence before the 
ultimate development of malignant neoplastic cells. 


oci per cm? 


F 





0 50 100 150 200 
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Fig. 3 Induction of foci of initiated liver cells as a function of the 
dose of diethylnitrosamine (DEN). The number of foci was 
counted in sections from each lobe by low power microscopy 
and is expressed per cm? of cross-sectional area (mean -+-s.e.m.). 


Scherer and Emmelot detected histochemically and 
counted microscopic foci of enzyme-deficient hepatocytes 
induced with DEN”. These foci may prove to ‘be the 
initiated populations selected in the present system. 

The interval between the administration of carcinogen 
and the assay is being shortened so that the kinetics of 
induction of the initiated foci can be established clearly 
with different carcinogens. Another desirable modification 
would be the use of a non-carcinogen as the selective 
growth inhibitor. Even in its present form, however, the 
assay is useful for the study of several aspects of chemical 
carcinogenesis, including the possible role of DNA 
synthesis and of repair of specific DNA damage in 
initiation, the persistence of initiated cells, the sequential 
analysis of the properties of hepatocytes acquired after 
initiation, the possible functional theme underlying the 
development to liver cancer and the clarification of some 
confusing aspects in the use of liver hepatoma formation 
in mice as an assay for carcinogens. 

The hypothesis of differential cytotoxicity as an important 
theme for chemical carcinogenesis is not newt eY, but 
it has never been subjected to critical tests. On the basis 
of our results, it is tempting to consider that the acquisition 
of resistance to some of the toxic effects of an added 
carcinogen or, in the case of a single exposure to a 
carcinogen, to toxic xenobiotic compounds in the natural 
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diet or absorbed bacterial products in the intestinal tract, 
‘may be the major motive force during liver carcinogenesis 
until the precancerous cells can grow autonomously. 
Consistent with this view of liver carcinogenesis are the 
findings of Peraino and colleagues on the acceleration of 
liver carcinogenesis by phenobarbital or DDT in animals 
exposed for only 18d to 2-AAF (refs 18, 19). An under- 
lying hypothesis for liver carcinogenesis is now developing, 
which is amenable to experimental tests. Whether the 
principle of selective cytotoxicity can be extended to the 
development of cancer in other organs or tissues remains 
to be explored. 
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Ammonia assimilation in lupin nodules 


ROBERTSON et al.? proposed that plant enzymes rather than 
bacteroid enzymes are physiologically important in the assimila- 
tion of the ammonia produced after nitrogen reduction in the 
bacteroids of leguminous nodules. They demonstrated that 
during the development of the nodule, glutamine synthetase 
(EC 6.3.1.2, equation (1)) and glutamate synthase (EC 2.6.1.53, 
equation (2)) activity increased considerably in the plant 
fraction but not in the bacteroid fraction of the nodule, parallel 
with the induction of nitrogenase and leghaemoglobin. 


glutamate; NH,*~ ATP -glutamine + ADP +P, (1) 





glutamine ~- 2-oxoglutarate + NADH 
— 2 glutamate + NAD* (2) 


But, the predominant amino acid transported in the xylem of 
lupins and many other legumes is asparagine?~*. Robertson 
et al.? suggested therefore that asparagine was most probably 
synthesised in the plant fraction of the nodule by a glutamine- 
dependent asparagine synthetase®* (EC 6.3.5.4, equation (3)) 
rather than in the bacteroids, which might utilise for asparagine 
biosynthesis an ammonium-dependent asparagine synthetase 
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(EC 6.3.1.1, equation (4)), which has been reported to occur in æ 
other prokaryotes’. 





aspartate -+ glutamine + ATP » asparagine 


aspartate + NH, + ATP ~asparagine + AMP + PP, (4) 





We now report the formation of asparagine by a cell-free 
extract of the plant fraction of lupin nodules in the presence of 
ATP, aspartate, glutamine and Mg?* (Table 1). Apparent Ka 
values for aspartate and glutamine were determined to be 3.6 
mM and 0.26 mM, respectively. Ammonia could replace 
glutamine as the source of the amide nitrogen; but a fourfold 
greater concentration of ammonia gave only a rate of synthesis 
half that observed with glutamine (Table 1). Asparagine synthe- 
tase activity could not be detected unless the nodules were 
crushed in the presence of a sulphydryl protecting agent such 
as dithiothreitol. Furthermore, the enzyme was found to be 
stabilised by inclusion of 5 mM glutamine or 6 mM $-diazo-4- 
oxo-L-norvaline (DONV), a glutamine analogue in the buffer. 
These properties of the asparagine synthetase from the plant 
fraction of Lupinus angustifolius nodules are in good agreement 
with the properties of the enzyme recently purified from etiolated 
Lupinus luteus cotyledons®. 

Asparagine synthetase activity in the plant fraction of the 
developing nodules was first detected 13 d after the seedlings 
were inoculated with rhizobia (Fig. 1), The rapid increase in 
activity seen after day 13 is similar to that already reported 
for the plant glutamine synthetase (ref. 1 and repeated here 
Fig. 1), plant glutamate synthase’, nitrogenase* and leghae- 
moglobin!, No asparagine synthetase activity could be detected 
in the plant fraction of 11 or 12-d-old nodules (Fig. 1). But 
these fractions contained an asparaginase activity whereas the 
plant fractions from 13-and 24-d-old nodules did not (Fig. 1). 
Attempts to detect asparagine synthetase activity in the plant 
fraction of tl-and 12-d-old nodules in which the asparaginase 
was inhibited 80-90% with DONV (a known inhibitor of 
bacterial asparaginases*) were unsuccessful (Fig. 1). 
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Table 1 Synthesis of asparagine by extracts of the plant fraction of 
lupin nodules 


ee ea 
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Asparagine synthetase 
activity (nmol asparagine per min 
per mg protein) 

2.33 


Incubation mixture 


Complete system 


— glutamine 0.30 
-— glutamine + 13.2 mM NH,CI 1.23 
— Mg?+t ND 
— ATP ND 
Boiled enzyme ND 


Lupins (Lupinus angustifolius L. var. Uniwhite) were inoculated 
with Rhizobium lupini (NZP 2257) and grown in a controlled environ- 
ment cabinet?. Nodules were collected from 25-d-old plants, crushed 
in 0.5 M sucrose, 50 mM K phosphate buffer, pH 7.8, containing 
5 mM dithiothreitol and separated into a bacteroid and plant fraction 
as previously described®. Asparagine synthetase activity was measured 
at 30°C by the formation of "C-asparagine in a total volume of 
300 ul containing plant fraction (200 pi), 4mM 1-4-"C-aspartate 
(0.83 pCi pmol-?), 3.3 mM MgCl, 3.3 mM L-glutamine and 4 mM 
ATP. Samples of 25 pl were removed during 15 min of incubation 
and applied to a Whatman 3 MM paper. Asparagine was separated 
from aspartate by electrophoresis at pH 5.0 and the radioactivity in 
each amino acid was determined!. Identification of the product as 


for 16h. 
ND, not detectable, less than 0.2 nmol per min per mg of protein. 
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The decrease in asparaginase activity in the plant fraction 
at days 11 and 12 coupled with the complete absence of this 
enzyme on day 13 (Fig. 1) was particularly interesting. This plant 
asparaginase was different from the bacteroid or free-living 
rhizobial enzyme in terms of (1) electrophoretic mobility on 
7.5% polyacrylamide gels relative to bromophenol blue (0.47 
for the plant enzyme and 0.27 for the bacteroid or rhizobial 
enzyme) and (2) apparent Km for asparagine (7 mM for the 
plant enzyme and 6 uM for the rhizobial enzyme). In view of 
the fact that the plants were grown in a nitrogen-free medium, 
it seemed likely that until the bacteroids developed nitrogen- 
fixing ability, the plant asparaginase had a role in supplying 
the developing nodule tissue and bacteroids with ammonia by 
hydrolysing asparagine transported from the cotyledons. Once 
nitrogen fixation had been established 11-12 d after inoculation 
the plant asparaginase would no longer be required and activity 
would be lost (Fig. 2). An analogous role for a plant asparagi- 
nase in supplying rapidly developing legume seed tissue with 
C and N has been proposed by Atkins ef a/.. 

So far we have been unable to detect any ammonium- or 
glutamine-dependent asparagine synthetase activity in either 
the bacteroid fraction of the nodules or in cell-free extracts of 
the free-living rhizobia grown in a broth or minimal medium. 
Attempts were made to inhibit or remove an asparaginase 
activity from these extracts before assaying for asparagine 
synthetase, but in no case could any synthetase activity be 
detected. 

Our studies reported here and elsewhere!” have led us to 
suggest that plant enzymes rather than bacteroid enzymes are 
involved in the assimilation of the ammonia produced from 
nitrogen reduction in the bacteroid. The first step in this 
assimilation (Fig. 2) is proposed to be the synthesis of glutamine 
by the plant glutamine synthetase. It has been estimated 
previously? that the levels of this enzyme found in the plant 
fraction of the nodule would be able to incorporate into gluta- 
mine more than twice the amount of ammonia actually produced 
by the bacteroids in 18-d-old lupin nodules. On the other hand, 
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outlined for glutaminase assays’, except that “C-U-asparagine 
was used as substrate instead of glutamine. 
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Fig. 2 Proposed pathway for the assimilation of the ammonia 
produced after nitrogen reduction in the bacteroids into aspara- 
gine by enzymes located in the plant fraction of lupin nodules. 


less than 3% of this ammonia could be assimilated by the 
bacteroid enzyme, a conclusion recently confirmed by the 
work of Kurz et al.® and Brown and Dilworth'®. The high level 
of this plant glutamine synthetase, reported here in lupin and 
in other legume nodules'*, coupled with the low Km for NH,* 
(0.02 mM)'* would provide an efficient mechanism for rapidly 
removing any ammonia passing out of the bacteroid into the 
plant. In the presence of this enzyme it is unlikely therefore 
that the plant asparagine synthetase would be able to incorporate 
ammonia directly into asparagine since the Km for NH,* for 
the plant asparagine synthetase is 3~5 mM (refs 5 and 6). 
After the incorporation of ammonia into glutamine in the 
plant fraction of the nodule tissue, the amide nitrogen of glutamine 
would according to our model be transferred through glutamate 
using glutamate synthase and a transaminase to oxaloacetate 
to give the a-amino of aspartate (Fig. 2). The synthesis of as- 
paragine by the glutamine-dependent asparagine synthetase 
would then be accomplished using this aspartate and a second 
amide nitrogen from glutamine (Fig. 2). The net result of these 
reactions would be the synthesis of asparagine from oxalo- 
acetate and 2 mol of ammonium requiring NADH and 3 ATP. 
The role of asparagine as the major amino acid carrier of 
fixed nitrogen is supported by an examination of the amino acid 





Table 2 Amino acid analysis of xylem sap from Il- and 18-d-old 
lupin plants 





Amino acid* umol amino acid per ml per sap 
Í i8 d 


Asparagine} 0.77 2.35 
Aspartate 0.32 0.54 
Glutaminet 0.23 0.41 
Glutamate 0.33 0.36 
Threonine 0.15 0.40 


Xylem sap was collected using a pressure chamber! and stored 
under liquid nitrogen. Amino acid analyses were carried out using 
a JEOL 6A-H analyser. 

*The level of all other amino acids was less than 0.1 umol per m! 
of sap. 

+Determined as the increase in aspartate or glutamate on hydrolysis 
for 4hat 105 “Cin I M HCL 
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levels in the xylem sap of 11- and 18-d-old plants (Table 2). 
Although asparagine is the predominant amino acid transported 
in both cases. it is the asparagine level which increases and not 
that of glutamine as the capability of the nodule to fix nitrogen 
increases. Transpiration rates determined using 18-d-old plants 
were such that the plants would be transporting asparagine 
at a rate of 2 pmol per h per plant. Furthermore, we can esti- 
mate from the activity of asparagine synthetase reported here, 
that the nodules could synthesise up to 0.8 pmol asparagine 
per h per plant, which is in reasonable agreement with the rate 
of transportation of this amide considering the instability of 
asparagine synthetase in vitro. 

In conclusion, we have proposed a pathway by which 
ammonia produced by the bacteroids is assimilated by the plant 
fraction of lupin nodules. Presumably the bacteroid enzyme 
systems provide the ATP and electrons for N,-reduction whereas 
the plant enzyme systems provide the additional NADH and 
ATP required for the incorporation of ammonia into asparagine. 
Further interest will undoubtedly lie in elucidating the mechan- 
isms regulating the synthesis of nitrogenase in the bacteroids, 
and leghaemoglobin, glutamine synthetase, glutamate syn- 
thase and asparagine synthetase in the plant fraction of the 
nodule. The regulation of the plant asparaginase activity and the 
reason why the bacteroids overproduce ammonia for plant 
growth beyond the level required for bacterial growth are also 
intriguing questions demanding further study. 

We thank Dr G. S. Bailey for the amino acid analyses and 
Sally Roughan and Len Stevenson for growing the plants. 
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Submarine pollination in seagrasses 


THERE is great interest in water plants and their adaptation 
to the aquatic environment. Seagrasses, in the family 
Cymodoceaceae, are the only wholly marine group of 
flowering plants which carry out their entire life cycle in 
the sea’. The male and female flowers are borne on different 
plants. Consequently, their pollination mechanism presents 
intriguing problems, for terrestrial angiosperms, from which 
seagrasses presumably arose*’*, shed dry pollen. This be- 
comes hydrated only after alighting on the female stigma, 
where recognition events determine acceptance or rejection 
of the pollen’. These events seem to involve interactions 
between surface proteins or glycoproteins borne by both 
pollen and stigma. The pollen proteins are released on to 
the stigma during normal pollination”, but are lost from 
the surface whenever pollen is wetted’. The system found 
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in terrestrial species could thus hardly operate with sub- 
marine pollination. We have found that adaptations have 
occurred in both pollen and stigma of the seagrasses, 
accommodating the pollination system to the marine 
environment. Changes in the shape and form of the pollens, 
together with the loss of the outer wall layer, make it 
possible for the pollen to be carried in water currents as 
long, rope-like masses. The receptive stigma cells secrete a 
proteinaceous surface layer that is not dispersed in seawater, 
providing a suitable medium for trapping the pollen during 
submarine pollination. 

We have used two species of sea nymph, Amphibolis 
antarctica and A. griffithii, found only on the temperate 
southern coast of Australia, and Thalassodendron ciliatum, 
widely distributed in tropical parts of the Indo-Pacific 
region, collected in Madagascar and Mauritius. No signi- 
ficant facts on the nature of their reproductive structures 
have been published since the pioneering studies of 
Ascherson and Black"’, reviewed by den Hartog’. We 
have found in both genera that flowering occurs in early 
summer, and the plants are dioecious with separate male 
and female individuals. The flowers are hidden within the 
leaf sheaths. The paired anthers (Fig. 1a) extend upwards 
by peduncle elongation at maturity, when the entire 
structure is abscinded and floats free at the time of anther 
dehiscence. The female flowers remain hidden, the fila- 
mentous stigma branches elongate when receptive and 
protrude between the leaf sheaths (Fig. 2a). 

The pollen grains are remarkable. They are elongate and 
confervoid, each more than 6 mm long, non-aperturate and 
at maturity they are coiled like a spring within the anther 
(Fig. 15). They are trinucleate, with the nuclei located 
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Fig. 1 Male flowers of the sea nymph, Amphibolis antarctica 
a. Male inflorescence consisting of paired anthers fused to form 
a single dispersal unit (x4). b, Scanning electron micrograph 
of anther freeze dried at dehiscence, showing release of coiled 
pollen grains ( x 45). c, Vermiform pollen grains dehiscing from 
anther into seawater, revealed by the fluorochromatic reaction™, 
a test for pollen viability. The cytoplasm of the grains shows 
intense green fluorescence ( < 80), 
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centrally. The walls are unusual in apparently having no 
Outer exine, which in terrestrial plants is made of the 
polymer sporopollenin". Cytochemical tests have revealed 
no trace of exine. In transverse sections, the walls of mature 
pollen stain a uniform red colour with toluidine blue, like 
the inner intine layer of terrestrial angiosperm pollens. 
Microspectrophotometric analysis of the red stain has 
revealed only the 565-nm peak characteristic of the intine, 
and not those of the green-stained exine (590 and 640 nm) of 
the terrestrial plants; fluorescence microscopy after Staining 
with 0.01% auramine O at pH 5.0, which provides even 
higher resolution, has revealed absence of the yellow 
fluorescence characteristic of the exine (personal com- 
munication from J. Heslop-Harrison), Transmission electron 
microscopy of other aquatic plants? has demonstrated a 
progressive loss of exine, though in no case was it absent. 
The grains adhere together, forming a rope-like structure 
when teased from a mature anther into seawater (Fig. 1c). 
The pollen is soft and flexuous, bending in water currents 
as it escapes from the anther. The surface appears smooth 
under scanning electron microscopy, and a faint reticulate 
pattern is evident at higher magnification. The tips of the 
grains grade into a pair of fine, curved hooks, which 
presumably enable the pollen grains to link together on 
dehiscence and to attach to the smooth stigma surface. As 
well as these adaptations to the marine environment, sea- 
grass pollen has some features in common with land plants". 
Seagrass pollen walls contain cytochemically-detectable acid 
phosphatase activity, except that the enzyme reaction 
product is distributed throughout the wall instead of being 


Fig. 2 Female flowers of Amphibolis antarctica. a. Receptive 
stigma branches protrude from the leaf-like bracts (x2). b, 
Tips at higher magnification after cytochemical reaction for 
esterase, with a-naphthyl acetate as substrate in a simultan- 
eous coupling reaction with hexazotised pararosanilin?-*-"6, 
The red reaction product appears as a smooth coating on the ex- 
treme tips ( x 12). c, Stigma tip treated as (b), in transverse section, 
viewed by Nomarski interference contrast illumination, showing 
localisation of esterase in papillar (epidermal) cell walls and the 
outer extracuticular surface eee). c, Cuticle. p, pellicle 
( x 350). 
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confined to the inner intine layer. Furthermore, esterase 
activity, usually restricted in terrestrial plants to the outer 
exine layer“, occurs on the surface of the grains in 
immature anthers associated with the invasive tapetum but 
is absent in mature pollen. 

In both genera, the paired female flowers each have a 
style bearing several stigma branches. The tips are coated, 
when receptive, with a surface layer which can be detected 
cytochemically by its esterase activity (Fig. 2b). Such layers 
are characteristic of both wet and dry stigmas of land plants, 
and have been implicated in pollen recognition'’"*, In 
terrestrial species, the layer can be partially solubilised in 
buffer and detergent’. In Amphibolis, however, the esterase 
activity of the coating does not disperse readily in sea- 
water. In stigma sections, enzyme reaction product is 
present in the outer walls of the epidermal cells which 
correspond to the papillae of terrestrial plants and in the 
extra-cuticular layer secreted from the cells on the surface 
(Fig. 2c). 

Fertile fruits of Amphibolis are frequent, so that com- 
munication between the pollen released into the sea from 
male flowers and the stigma does indeed occur. Pollination 
takes place when the plants are totally submerged, and 
must involve unique adaptations for cell recognition. The 
surface of the flexuous pollen grains is adhesive, suggesting 
the presence of a coating, possibly glycoprotein in nature, 
that is either resistant to the solubilising action of seawater, 
or constantly being secreted from within the grains. 
Arabinogalactan proteins are secreted in large quantities 
into the medium from Lolium multiflorum endosperm 
cells in liquid culture”, suggesting that such a mechanism 
is not without precedent. 

Both Amphibolis and Thalassodendron are viviparous’ 
and the single basal embryo develops directly into a plant- 
let. After fertilisation, special floral structures differentiate 
to enable the seedling to find a foothold on the sea bed. 
Vivipary of this kind is also found in other intertidal plants 
like mangroves and the monocotyledon Cryptocoryne”. 

We believe that the features we have described are those 
of a group of angiosperms that has adapted successfully 
to the marine environment by the loss or modification of 
terrestrial features. 

We thank the Australian Research Grants Committee 
for financial support, and Professor J. Heslop-Harrison for 
helpful discussion. 

S. C. Ducker 
R. B. Knox 
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University of Melbourne, 
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Nucleosynthesis and 
anomalous Xe and Kr in 
carbonaceous chondrites 


Biack' has suggested that the anom- 
alous Xe isotopic composition Known 
as carbonaceous chondrite fission 
(CCF) Xe results from a varient of the 
r-process and is not due to fission. To 
yield the CCF Xe isotopic composition, 
the r-process peak due to the neutron 
magic number 82 would need to occur 
at mass 136 rather than 130 as in 
standard Solar System material’. 

An actual r-process scenario has 
two difficulties. First, r-process cal- 
culations yield an abundance peak far 
too steep compared with the CCF data, 
when the abundance peak occurs close 
to the magic number on the valley of 
B stability (for the magic number N 
=8?, B stability is at mass 138). 
Second, the time scale of an r-process 
resulting in a peak within two mass 
units of B stability is very long com- 
pared with that of an exploding object 
(the r-process time scale is deter- 
mined by the B rates, which are rela- 
tively long near the valley of B stab- 
ilitv): thus there is no plausible astro- 
physical site. 

Another closely related possibility 
exists: a neutron capture process much 
faster than an s-process but operating 
under the same principle of competi- 
tion between neutron capture and B 
decay. We have prepared a computer 
program to carry out such generalised 
neutron capture (n-process) studies’: 
the neutron capture cross sections 
required hy the program code are 
derived from the Hauser~Feshbach 
code of Holmes ef al*. This n-process 
may occur in novae, supernovae shocks 
or in explosive supernovae shells. 

We have examined the predicted Xe 
and Kr relative (heavy) isotopic abun- 
dances as a function of neutron flux 
for neutron temperatures of 2-155 keV 
(Fig. 1). Also shown in Fig. 1 are the 
recent Allende experimental results of 
Anders ef al.™`® and the implied heavy 
Xe spectrum for Murchison’ after a 
large fractionation correction (the non- 
fractionation corrected Murchison 
heavy Xe spectrum looks like the 
Allende heavy Xe spectrum). All other 
proposed heavy Xe spectra lie some- 
where between these two curves. Tt is 
not possible to get a good fit for either 
the Anders et al. unfractionated Xe or 
the Kr data and, furthermore, the best 
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Fig. 1 The calculated isotopic abundances of Kr and Xe as a function of neutron flux. 

Also shown are Allende experimental results of Lewis er alè and the Murchison Xe 

results of Srinivasan et al.” with their large fractionation correction. The calculations 

may fit the Murchison xenon results but they cannot fit the Lewis ef al’ Kr results, nora 

heavy Xe spectrum with a large dip at 132. @, Allende; J, Murchison, neutron flux. 
on an arbitrary scale: [7], 1; ©, 30; ©, 70; A. 300. 


fit for each does not occur for the 
same flux. These results are for 155- 
keV neutrons, similar results obtain at 
other neutron energies down to 2 keV. 
Near B stability the cross section com- 
puter code is good to a factor of order 
two (S. E. Woosley, personal com- 
munication); greater changes in 
neutron cross sections would be needed 
and specifically selected to get a good 
fit to the unfractionated Allende re- 
sults. Such a selected set of cross 
section changes is not likely. Note, 
however, that the heavy Xe spectrum 
corrected for a large implied fraction- 
ation is not very different from a 
possible n-process. If further experi- 
mental work indeed shows the carbon- 
aceous chondrite heavy Xe spectrum 
to be relatively smooth without a dip at 
132, then perhaps the results can be 
explained with some sort of an 
n-process. Unfortunately, the Kr results 
cannot be fitted, but they are probably 
less reliable than the Xe results (E. 
Anders, personal communication). If 
the heavy Kr spectrum of Anders et al. 
is verified then a steady-state n-process 
explanation is no longer possible. 
There is another important point 
with regards to the Allende xenon 
results of Anders er al.” and Lewis 
et al.®. Pepin? has pointed out that en- 
riched light Xe isotopes seem to be a 
separate component from the heavy 
isotopes. From examination of the 
relevant nuclear processes, it seems 
clear that the light Xe anomalies can- 


not be fitted with spallation reactions 
--such reactions always produce 
'28yYe>'4Xe for any plausible seed dis- 
tribution. Perhaps the explanation of 
the anomalous light isotopes lies in 
either the p-process’ or in fractiona- 
tion". If the light xenon component is 
due to the p-process then Xe might 
be effected, which would change the 
normalisation" on the heavy Xe, tend- 
ing to decrease the dip at 132. Thus 
both the p-process and fractionation, if 
consistently applied, will tend to smooth 
the heavy Xe. 

These n-process computations were 
done using the long time steady-state 
solution and thus are independent of 
initial composition. We conclude that a 
classical r-process cannot yield the 
observed Xe-Kr isotopic distribution. 
A long time n-process would fit only 
if there was no dip in the Xe spectrum 
at 132 and if the carbonaceous 
chondrite Kr spectrum were very dif- 
ferent from that observed by Anders 
et al. Tt is also possible ‘however, that 
the anomalous gas distributions could. 
result from the addition of only a few 
or several neutrons to already existing 
heavy seed nuclei. (One can get a good 
ft if the number of free parameters 
equals the number of isotopic abun- 
dances to be fitted; such a procedure 
is not very useful.) 

We are currently examining the 
results of adding a few neutrons to pře- 
existing seed and limiting the free para- 
meters by using plausible theoretical 
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pre-supernovae isotopic compositions 
and by investigating what other observ- 
able effects would result from such a 
neutron burst. These may well be 
limited to the other noble gases: effects 
on other elements may be masked by 
their much greater normal abundance. 
The superheavy element suggestion of 
Anders e¢ al? of course remains a pos- 
sibility. 

We thank D. Black and E. Anders 
for useful comments. This work was 
supported in part by NASA and the 
NSF. 
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Elevation of selenium levels 
in air by xerography 


THE report on this subject which 
appeared in Nature’ raises questions of 
methodology and relevance which I 
discuss here, 

Although the authors calculate air- 
borne selenium concentrations between 
2x10 and 6X10" gm", a simple 
calculation based on the data presented 
yields a concentration range 4.9 x 10°% 
14.7x10° gm”. Of more concern is 
the sensitivity of the analytical methods 
used. Their prime reference’ reports 
“precision and accuracy are good for 
Se levels down to about 0.1 p.p.m. 


(1X 10°" g per determination) and 
acceptable for many purposes to 
0.02 p.p.m. (2 107° 9) and reagent 


blanks ranging from 2 to 2.310 ¢ 
selenium per determination. Using 
Olson’s method’, Harkin ef alt re- 
ported collection of from 5Sx10°° to 
15x10°g of airborne selenium in 
a xerography room. These values are 
clearly below Olson’s own sensitivity 
limit and are even below Olson’s 
blanks’. Harkin has made assurances 
(personal communication) that Olson's 
methods have been improved on and 
that the values reported are in excess 
of blanks, but the precision and 


accuracy of Harkin’s data cannot be 
verified by the methods cited. 

Even assuming Harkin’s results are 
valid, some perspective is appropriate. 
The highest selenium concentration re- 
ported’ (6X10 gm‘) is 3,333 times 
lower than the US Occupational Safety 


and Health Agency (OSHA) limit’ 
(2X10 gm") If one assumes a 


human minute volume of 8.21 (ref. 4) 
and total absorption of inspired 
selenium’ at the highest level reported, 
the total selenium ingested by inhala- 
tion in an 8-h day (2.41077 g) would 
be 27 times less than that ingested by 
consuming a single 23-g slice of white 
bread (6.410°°g)*®, Selenium, in- 
cidentally, is considered as a nutri- 
tionally essential trace element’, 

We have measured selenium emis- 
sions from Xerox machines and have 
found them to be several orders of 
magnitude below the OSHA limit and 
below the usable limit of our analytical 
methods. Since the question has been 
raised, however, we have initiated a 
renewed effort externally to ensure that 
we have the most accurate data 
possible. 

R. A. PARENT 

Product Safety, 

Xerox Corporation, 

Rochester, New York 14644 
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HARKIN ET AL. REPLY—Fluorimetric 
analysis of selenium using 2,3-diamino- 
naphthalene (DAN) is easily sensitive 
enough to determine the levels we col- 
lected from air. The sensitivity claimed’ 
for the method is very conservative 
and can be improved by slight modifi- 
cations of the basic procedure’. These 
include recrystallisation of the DAN 
reagent, extraction of the fluorescing 
Se~-DAN complex with cyclohexane 
rather than with decahydronaphthalene, 
and extension of the digestion time 
with perchloric—nitric acid to 90 min 
following the first appearance of per- 
chloric acid fumes. Sensitivities of 1 ng 
and <4 ng have been claimed for blank 
analyses by others**. Our blank values 
lay reproducibly at 4.7+0.7 ng Se. 

The question of the sensitivity of 
the method is not really pertinent, 
since the figures we reported® were for 
levels above values measured in contro] 
experiments using air samples collected 
in laboratories in the same building as 
our copying room. Because the values 
were low for single-day air samples, to 
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increase the reliability of the analyses, 
cumulative samples taken over 4d 
were actually analysed, but values were 
supposed to be expressed on a daily 
basis. Omission of the word “daily” 
after the values of 0.005-0.015 ng in 
the report’ made them seem to be the 
4-d total rather than single-day aver- 
ages. The value of 20-60 ng Se per m’ 
of air is the correct, rounded-off figure 
for the airborne Se levels. 

Tolerable limits for exposure to 
selenium depends on the Se species con- 
cerned, and some reappraisal of current 
values may be warranted. The time- 
weighted average concentration of 
0.2 mgm” * permitted by the OSHA for 
elemental selenium and selenium oxides 
in air differs from the value for hydro- 
gen selenide, which at 0.05 p.p.m. is 200 
times lower than that for hydrogen 
cyanide, which is generally considered 
to be the most highly toxic common 
airborne inorganic compound’. Russian 
workers recently suggested that the 
permissible limits for SeO. should be 
reduced to 0.1 ug m™ in air for a single 
exposure and to 0.05 ug m™ in air for 
average daily exposure’. 

Comparison of inhaled and ingested 
selenium is of doubtful validity in the 
absence of toxicological work directed 
at this specific question. There is, in 
fact, evidence that selenium adminis- 
tered in the oxidised form can be 
excreted in part by respiration as 
volatile methylated derivatives*. 

Although excess selenium may be 
harmful under ordinary circumstances, 
its beneficial effects in counteracting 
heavy metal toxicity should not be 
overlooked", Since there are many 
questions of selenium biochemistry and 
metabolism still unanswered, the effects 
of minute volatile emissions from 
copiers cannot be predicted with con- 
fidence. We appreciate the efforts of 
copier manufacturers to ensure that 
these emissions will be kept to a 
minimum and checked by independent 
analyses. 

University of Wisconsin 
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Delights of opisthobranch molluscs 


Biology of Opisthobranch Molluscs. 
Vol. 1. By T. E. Thompson. Pp. 207, 
(The Ray Society, c/o British Museum 
(Natural History): London, 1976.) 
£15. 





OPISTHOBRANCHS, the aered prog- 
eny of shelled gastropods, have relin- 
guished their protective encasement to 
reveal a grace of form and colour un- 
surpassed by other molluscs. Yet most 
have remained relatively unknown to 
the malacologist because of their re- 
tiring and migratory habits and their 
fondness for the immediate sublittoral, 
an area difficult to explore before the 
days of SCUBA diving. This is the 
first book related to British opistho- 
branchs for over a hundred years. H 
is in two sections: the first, dealing 
with the general biology of the group. 
includes some magnificent colour 
photographs and drawings of external 


features of worldwide forms: the 
second is a systematic treatment of 
British species, excluding nudibranchs 


(which are to be dealt with in a second 
volume), the parasitic pyramidellids 
and the planktonic pteropods. 

No comprehensive account of the 
biological activities of sea slugs has 
been written previously and in the first 
section the author successfully con- 
veys his interests in, and personal ex- 
perience of the living animals. The 
text is lucid and not loaded with ex- 
cessive detail so that its contents are 
easily accessible to the non-specialist. 
It comprises a series of chapters deal- 
ing in a general way with various as- 
pects of opisthobranch biology from 
the point of view of functional ana- 
tomy: these constitute one of the out- 
standing features of the book. 

These aspects are dealt with almost 


on the ‘type’ system since each con- 
sists largely of summaries of the 


author’s own research on a number of 
species. Without wishing to detract in 
any way from the value of this, IT wish 
that the relationship to other opistho- 
branch research had been explained 
more fully to provide a better under- 
standing of the biology of the group 
as a whole, although, as opisthobranchs 
have radiated so divergently, this may 
be too difficult a task. T wish, too, that 
the coverage of the systems had been 
complete—reluctance to enter the field 
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of neurophysiology. where optstho- 
branchs have furnished so much im- 
portant material, is easily understood, 
but there are other aspects of the 
nervous system than the physiological: 
and there are other systems in regard 
to which the views of so experienced 
and distinguished a worker would have 
been welcomed. 

T systematic section summarises 
characters of all orders, provides keys 
to British species dealt with in this 
volume and a description of each, in- 
cluding comments on the living animal. 
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This will be an invaluable guide to the 
taxonomist. He, like others, would be 
helped by a subject index. 

Illustrations of anatomy are from 
the author’s published works, those of 
co-workers and redrawings of the 
anatomy of even same of the most 
accessible species from classical Hus- 
trations published as far back as 1845, 
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Meditations on a cell cycle 


Ail GNON and Division in Mam: 
malian Cells. By Renato Baserga. Pp 


xii+ 239. (Dekker: New York and 
Basel, May 1976.) SFr. 78. 


Proressor Baserca’s book combines 
those rare qualities of being readable, 
informative and very often amusing. 
The book makes no claims to be an 
exhaustive study of the multiplication 
of mammalian cells: ample references 
direct the reader to review articles of 
greater depth. 

A major part of the monograph is 
naturally taken up with a review of the 








cell cycle and = aficionados of the 
relevant literature will recognise 


Baserga’s rather personal views on cell 
evele controls. Baserga marshalls a 
number of arguments (none of them 
convincing) to support the widely held 
idea that Gu cells are not merely cells 
with a long G; which may be shor- 
tened by suitable stimulac, but are a 
separate class of cells awaiting their 
fairy godmother to trigger them Back 
into the cycle. This is not Just a seman- 
tic argument as it determines whether 
mitogenic stimulae are regarded as 
triggers initiating new processes or ac- 
celerators of ongoing events. I see 
nothing wrong with the view that G; 
may be infinitely expandable to include 
Ga Unfortunately the cell cycle is often 
drawn like the face of a clock with the 
cell cycle phases apparently given defi- 
nite durations. This ignores the fact 
that variation in the length of cell cycle 
phases (especially G:) is the rule rather 
than the exception, and failure to re- 
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cognise this has placed enormous 


psychological constraints on the under- 
standing of cell proliferation. The 
criteria Baserga ches for distinguishing 
between cells in G; and cells in Ga 
result from sampling cells from widely 
separate parts of a continuum of pro- 
liferation rates. 

The other hobby-horse Baserga rides 
round the cell cycle is the idea that 
new genes must be activated to trigger 
cells from quiescence to rapid growth. 
This may be true but 1 find his evi 
dence involving changes in the physical 
structure of chromatin, chromatin tem- 
plate activity and nuclear acidic pro- 
teins far from conclusive. Recent 
mRNA hybridisation studies show that 
at most only 5% of the approximately 
10° separate MRNA sequences differ 
in resting and growing cells. As only 
3-10% of the mammalian genome is 
transcribed this difference represents 
less than 0.5% of the total genome. I 
find it difficult to believe that the large 
scale changes in chromatin with which 
he makes such a great play) are all 
devoted to the derepression of such a 
minute fraction of the genome. 

This being said, much of the book 
is good sense: anyone involved in cell 
proliferation could do well to read it 
if only as an antidote to the turgid 
prose and thought behind much of the 
burgeoning hard core of the cell pro- 
liferation literature. Robert Shields 
Reber Shields is a Research Fellow 
at the Imperial Cancer Research Fund, 
London, UK. 
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‘Monoamine oxidase 


Monoamine Oxidase and Its Inhibition. 
(Ciba Foundation Symposium 39 (new 
series).) (In Honour of Mary L. C. 
Bernheim.) Pp. xłi+415, (Elsevier/ 
Excerpta Medica/North Holland; 
Amsterdam, Oxford and New York, 
1976.) Df.78; $29.95, 


IAAT MAHAA hA INe Aeneane m a paama aaan 


THE present resurgence of interest in 
monoamine oxidase (MAO) and its in- 
hibitors (MAOIs) stems directly from 
the discovery that at least two func- 
tionally distinct forms of the enzyme 
exist in many mammalian tissues, in- 
cluding the human brain. The prob- 
lem is now to assess the physiological 
and pharmacological significance of 
this finding particularly with regard to 
the use of MAOIs in the treatment of 
certain affective disorders. This volume 
is intended to update and assemble 
some of the more recent findings in the 
field. 

Almost without exception, the papers 
comprising this book are of a high 
standard. The first five articles deal 
with the nature and properties of the 
multiple enzyme forms together with 
the mechanism of action of acetylenic 
MAOIs. The second section catalogues 
a series of re-investigations into the 
physiological significance of MAO 
using MAOIs that more or less speci- 
fically inhibit one or other of the en- 
zyme forms. A final group of seven 
papers deals with the evaluation of 
these newer MAOIs in the treatment of 
certain types of depressive illness and 
with also the possible usefulness of 
changes in human blood platelet MAO 
activity as indicators of such disease 
states as depression, migraine and 
schizophrenia. 

The most interesting and revealing 
portions of this volume are the 125 
pages of discussion. A feeling of be- 
wilderment and uncertainty is con- 
stantly surfacing throughout these 
pages. Is the ‘amine hypothesis’ of 
depressive illness the correct model? 
Against all preconceptions, may anti- 
depressant drugs act by reducing 
and not increasing the effective con- 
centration of pharmacologically active 
amines at the receptor site? Perhaps 
the site of action of MAOTs is not in 
the brain but in the periphery: the 
accumulated amines may then pene- 
trate the blood-brain barrier. Are 
MAOIs effective antidepressants be- 
cause they inhibit MAO or is it he- 
cause they inhibit amine synthesis by a 
feedback mechanism or perhaps block 
the uptake of amines by cellular 
elements in the brain? Is the ability of 
the tricyclic antidepressant drugs to 
inhibit one of the two forms of MAO 
with a K. of about 105M a factor in 


their mood-elevating properties? Is it 
even possible to make meaningful 
studies on the role of MAO in vivo 
when that fraction associated with 
nerve endings is less than 5% of the 
total? These and many other problems 
are discussed in this fascinating volume. 

It seems absurd that so little is 
known about the role of an enzyme 
originally characterised as long ago as 
1928 by Mary Bernheim. There is one 
inescapable conclusion that may be 
drawn from this book: until the aetio- 
logy of depressive illness is understood 
and the biochemists and clinical psy- 
chiatrists achieve some standardisation 
in their respective disciplines, the treat- 
ment of affective disorders with MAOIs 
will continue to be a ‘hit-and-miss’ 
affair. Godfrey G. S. Collins 





Godfrey Collins is a Lecturer in the 
Department of Pharmacology at the 
School of Pharmacy, University of 
London, UK. 
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Mammalian 
gluconeogenesis 


Gluconeogenesis: Its Regulation in 
Mammalian Species. Edited by Richard 
W. Hanson and Myron A. Mehlman. 
Pp. xxvi+592. (Wiley-Interscience: 
New York and London, 1976) $36.40; 
£18.60. 


THis volume of 15 essays is dedicated 
to Professor Henry A. Lardy for his 
outstanding contributions to bio- 
chemistry-impressively listed in the 
introduction. The editors have sought 
to compile the most significant infor- 
mation gleaned from 25 years of re- 
search on gluconeogenesis, an area in 
which Professor Lardy has played an 
important part. The chapters are group- 
ed into four sections: the enzymology 
of gluconeogenesis; the involvement of 
the mitochondrion; the experimental 
approach to gluconeogenesis in liver 
and kidney; and gluconeogenesis in 
man. The sections seem to cover the 
main areas of current interest: the 
properties and regulation of the en- 
zymes unique to glucose production 
that do not function in glycolysis: the 
vital question of the concentration of 
substrates actually available to these 
enzymes; the significance of the 
intracellular location of the enzymes, 
particularly phosphoenolpyruvate car- 
boxykinase (PEP-CK): transmitochon- 
drial membrane carriage of reducing 
equivalents; the interaction and com- 
petition for energy and substrate 
between urea synthesis and gluconeo- 
genesis; the different manner of control 
of gluconeogenesis in liver and kidney: 
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and last but by no means least what it 
all means for homo sapiens. 

As the editors point out we now know 
a great deal about the pathway of glu- 
coneogenesis from various substrates, 
but considerably less about how the 
process is controlled. It remains un- 
clear whether for glucose formation 
from lactate and alanine pyruvate 
carboxylase or PEP-CK constitutes the 
pacesetting enzyme. The activity of the 
former is strongly regulated by acetyl- 
CoA, but it is pointed out that we can 
at present only guess at the concentra- 
tions of CoA esters available to the 
enzyme in vivo. PEP-CK exists in at 
least two forms and possesses a varied 
distribution between mitochondrion and 
cytoplasm in different species, The level 
of the cytoplasmic form in particular 
responds to a number of hormones. 
Although the varied distribution is 
described by several authors and the 
range of activities in different species 
compared, there seems no suggestion of 
what the rationale for this diversity 
may be. The enigma of an apparent 
Km for PEP-CK towards oxaloacetate 
far in excess of available concentra- 
tions, resolved for the cytoplasmic 
enzyme by Ballard (Biochem. J. 120, 
809, 1970), remains an acute problem 
for the mitochondrial enzyme since the 
overall mitochondrial concentration of 
oxaloacetate seems so low. It was Lardy 
himself who pointed out the virtue of 
a cvtoplasmic location of PEP-CK if 
it led to oxaloacetate transfer from the 
mitochondrion as malate, since this 
simultaneously resulted in 2H transfer 
to the cytoplasm needed at the stage 
of triose phosphate formation when 
gluconeogenesis is proceeding from 
substrate not initially undergoing oxi- 
dation. It is interesting to learn that in 
pigeon liver, where phosphoenolpyru- 
vate synthesis is almost entirely mito- 
chondrial, negligible glucose synthesis 
from either pyruvate or alanine occurs. 
Except in relation to man, little con- 
sideration seems to be given to the role 
of glycerol as a gluconeogenic sub- 
strate, yet in prolonged fasting it be- 
comes quantitatively important and 
could also be a source of reducing 
equivalents for other precursors. 

This volume will be indispensable to 
all workers in the field and is to be 
recommended to anyone interested in 
gluconeogenesis. It is a pity that a 
number of the chapters have no sum- 
mary section, but, perhaps to compen- 
sate, the editors have provided their 
own synopsis of the contributors’ 
main points and the current state of 
the art. K. L. Manchester 
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K. L. Manchester is Professor of Bio- 


chemistry at the University of the 
Witwatersrand, Johannesburg, South 
Africa. 
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Hermann Träuble was born on April 7, 
1932 at Nellingen, near Ulm, and died 
on July 3, 1976. 

It was about nine years ago that 
Hermann Träuble first put his head 
round my door with a rhetorical “Am | 
disturbing you?” This pleasant young 
man who stood there before me, with 
a modest and yet forceful presence, 
was by no means an unknown quantity 
to me. His teacher and supervisor at 
the Max-Planck-Įnstitut in Stuttgart, 
Alfred Seeger, had notified me of his 
visit, with the words which Mozart is 
said to have used of Beethoven: “Keep 
an eye on him, one of these days he'll 
make the news”. 

Hermann Trauble had already made 
the news. Together with Uwe Essmann 
he had successfully carried out an 
experiment which others had only 
dreamed of—the direct, visible demon- 
stration of a quantum effect. This 
experiment is so typical of its per- 
former’s straightforward, goal-directed 
methods of thought and work that | 
would like to outline it here in a few 
words. I shall try to relate the story in 
the way which Hermann Trauble him- 
self described it to me. 

The experiment was an attempt to 
demonstrate the quantisation of mag- 
netic lines of force in a particular class 
of superconductors, the so-called Class 
Il superconductors, which are charac- 
terised by a particular kind of behaviour 
in a strong magnetic field. 

How does one make the paths of 
magnetic flux lines visible? The answer 
is known even to schoolboys: use fine 
iron filings——but just how fine must the 
filings be, to demonstrate the quantum 
phenomenon? One would answer intui- 
tively: “As fine as possible, best of all 
a dust made up of individual atoms or 
small aggregates of atoms.” But that 
would be a hasty answer, for we must 
recall that ferromagnetism is not a 
property of individual atoms, and it 
can only appear in ordered crystalline 
structures. 

The question should therefore more 
precisely run: how small must the 
particles be, to respond to a quantum 
effect, and how large must they be to 
act ferromagnetically and to appear on 
the screen of an electron microscope. 

The two young scientists grasped the 
bull by the horns, and simply started to 
experiment. Using an inert-gas atmos- 
phere, they succeeded in producing tiny 
crystals with an edge length of ~ 
0.000001”, and then in condensing these 
onto the surface of a semiconductor in 





a magnetic field. The circulating 
currents in the semiconductor induced 
by the magnetic field are divided up 
into tiny vortices, which rotate about 
an axis parallel to the magnetic lines of 
flux. The minute ferromagnets de- 
posited themselves preferentially onto 
this lattice of ‘quanta of magnetic flux’ 
and build up crystal nuclei, which could 
be seen under an electron microscope. 

Result: a direct, macroscopic 
observation of a microscopic quantum 
effect! 

The Physics Prize of the Göttingen 
Academy of Sciences awarded to these 
two scientists was a clear expression of 
the recognition with which the world 
of learning received this great achieve- 
ment. For Hermann Trauble this was, 
however, not the first distinction. A 
short while previously he had received 
the Masing Preis of the German 
Metallurgical Society for his work on 
the magnetisation and hysteresis in 
ferromagnetic single crystals, which he 
had carried out as part of his doctorate. 

Now he was standing in front of me. 
All he wanted was a post as an assistant 
--a man who had a brilliant career in 
solid-state physics in front of him and 
to whom a university chair was already 
open. All he wanted was a small 
laboratory, he assured me, maybe- a 
hundred square feet—after taking a 
critical look at the dimensions of my 
study. He had taken it into his head to 
get into biophysics and a true Swabe 
can never be deflected from his intended 
course. 

Hermann Triuble’s interests in Göt- 
tingen were particularly directed at 
the structure and function of lipid 
membranes. In 1971 he published a 
comprehensive article in Die Natur- 
wissenschaften: ‘Phasenumwandlungen 
in Lipiden’, whose subtitle ‘Possible 
Switching Processes in Biological Mem- 
branes’ already looked to the future. 
He hitched his own work onto that of 
Dennis Chapman, who had demon- 
strated calorimetrically the phase tran- 
sitions between crystalline and liquid- 
crystalline states. Hermann pioneered 
the development of new and above all 
fluorimetric methods which made it 
possible to follow these rapid co-opera- 
tive transformations. Thus he was 
able to investigate not only the static 
but also the dynamic aspects of these 
processes. The high speed of the phase 
transformations is closely connected 
with their potential significance as 
biological switching processes. Col- 
laboration with Hansjörg Eibl made 
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possible a comprehensive study of those 
membranes whose lipid constituents 
were already well known. Models were 
their electrostatic inter- 
compared in each instance with 
similar or related effects in biological 
systems. 

These were the pioneer years of a 
new ‘membrane biophysics’, full of 
excitement and creativity. Seldom did 
Hermann go home before daybreak. 
and even then he was always back in 
the Institute at five to two in the after- 
noon—just in time to grab something 
to eat in the canteen. 

Wherever co-operation was offered, 1° 
was taken up. Peter Overath con- 
tributed his wide experience of the Coli 
membrane, and through this collabora- 
tion a detailed picture of the structure 
and phase transformations of bacterial 
membranes was put together, backed up 
by studies with models. Together with 
Erich Sackmann, who was familiar with 
the technique of electron spin reson- 
ance, he attacked the problem of lateral 
diffusion of the lipid molecules in the 
membrane. This turned out to be a 
neck-and-neck race with the group of 
Harden McConnell in Stanford. 


He also applied his research to 
fundamental biological problems-— 
a classic example of this is the 


paper with Hansjörg Eibl and Hideo 
Sawada “Respiration-—a Critical Phe- 
nomenon?”: it is still too early to see 
the significance of his investigations for 
the final understanding of nerve mem- 
branes. Not without good reason was 
Hermann Triuble a much sought-after 
discussion partner in numerous work- 
shops in the Neurosciences Research 
Program in Boston, USA. Listening to 
his lectures was a pure delight. His vita! 
asset was that. where others had only 
answers, he always posed the right 
question. 

The walls of his original laboratory 
had long since become too narrow. In 
1974 the Max-Planck-Gesellschaft re- 
ceived him as a Scientific Member. 
and only a few weeks before his death 
he was appointed to a directorship in 
the Institute for Biophysical Chemistry 
in Göttingen. His research group had 
grown uninterruptedly in recent years, 
and includes today a dozen scientists, 
who will undoubtedly go on to extend 
the ideas which they and Trauble 
developed. : 

Neither was there any lack of new 
honours. The Faculty of Human Medi- 
cine of the University of Giessen 
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awarded Hermann Trauble the Ludwig 
Schunk Prize in 1972 and the German 
Bunsen Society for Physical Chemistry 
the Bodenstein Prize in 1975. 

The man, just 44, was called away at 
the zenith of his career. We shall not 


meet Herman Trauble again in the 
corridors of the Institute, or be en- 
livened at our tea colloquia by his 
burning enthusiasm and  swabish 
charme; we shall not race together 
down the ski slopes in January, and I 
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shall never have another chance of 
digging with him for fossils in Cali- 
fornia. Certainly, death is an integral 
part of life. But this insight cannot 
take the pain away. 

Manfred Eigen 
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Ian Macpherson, head of the Depart- 
ment of Virology at the Imperial Cancer 
Research Fund Laboratories, London, 
died on September 11, 1976 at the age 
of 46, in the middle of a distinguished 
career. He was married with three 
children. 

Macpherson was born and educated 
in Scotland, as a Foundation Scholar 
at George Herriots, and after at Edin- 
burgh University, leading to a Carnegie 
Fellowship and a Ph.D. in virology in 
1955. He then worked at the Micro- 
biological Research Establishment, 
Porton, for four years before moving 
to Glasgow in 1959, After a year in the 
Department of Genetics, he became a 
founder member of the new Institute 
of Virology and of the Medical Re- 
search Council’s Experimental Virus 
Research Unit. Except for a year as an 
Eleanor Roosevelt Cancer Fellow at the 
Wistar Institute, Philadelphia, he re- 
mained in Glasgow until 1968 when he 


was appointed to the senior staff of the 
Imperial Cancer Research Fund Lab- 
oratories in London to head a substan- 
tial department. 

Macpherson began to study tumour 
viruses in Glasgow and it was for his 
unique and pioneering contributions to 
the study of virus transformed cells that 
he will be remembered. Of great im- 
portance was the isolation of the first 
line of cultured cells (BHK 21 cells) 
which could be used for precise quanti- 
tative evaluation of the transformation 
process, and which allowed direct com- 
parison of transformed and untrans- 
formed cells from the same clonal 
population. Then came the discovery, 
with Montagnier, of the agar suspen- 
sion assay system, which, with its 
various modifications, is of profound 
importance in tumour cell biology. 
Macpherson also isolated the first 
revertants of transformed cells, thus 
paving the way for the use by others 


of this important method for studying 
the transformed cell phenotype. In 
recent years Macpherson and his 
colleagues in London concentrated on 
the altered surface chemistry of trans- 
formed cells, and in particular de- 
veloped the use of conditional mutants 
for elucidating the role of the virus. 

Through Macpherson’s wide reputa- 
tion, his laboratory attracted visitors 
from far and near. He lead his group 
from the laboratory bench, not only by 
his originality and knowledge but by 
his experimental ability. Those asso- 
ciated with him soon discovered another 
aspect of his character as well—his 
impish sense of humour. This was often 
expressed in remarkable collages in 
which he delighted to ridicule any 
pompous and unjustified aggrandis- 
ment. 

lan Macpherson’s hobby was golf, in 
which he also excelled, and it was on 
the golf course that he died. 





The eminent organic chemist George O. 
Curme, Jr died on July 28 at his 
summer home at Oaks Bluff, Massa- 
chusetts. He was born in Mount 
Vernon, Iowa in 1888, the son of a 
professor of German who was also a 
renowned grammarian, Curme gradu- 
ated at Northwestern University, then 
as a graduate student moved from 
Harvard to the University of Chicago, 
where he obtained his Ph.D. Next he 
went to Germany, then the Mecca of 
organic chemists (it has been said that 
in the first half of the century all 
organic laboratories were built pointing 
towards Berlin) to study under Fritz 
Haber and Emil Fischer at the Kaiser 
Wilhelm Institute and the University 


of Berlin. 

On returning to America he worked 
from 1914-1920 as a research fellow at 
the Mellon Institute, and it was here 
that he started on the work which 
founded the synthetic alipathic organic 
chemistry industry in America. (Ali- 
phatic chemistry deals with chain-like 
compounds of carbon, as opposed to 
aromatic chemistry which deals with 
ring compounds.) He initially sought a 
method for the commercial manu- 
facture of acetylene: he later widened 
his horizons to many other alipathic 
compounds. 

In 1917 he started to work for Union 
Carbide, with whom he was to remain 
{eventually becoming a director) until 


his retirement. From the Union Carbide 
laboratories in 1925 he announced the 
discovery of a process to make ethylene 
glycol, which soon replaced alcohol for 
use as an antifreeze in cars’ radiators, 
and which rapidly developed into a 
multi-million dollar industry. Dr Curme 
continued his research, producing a 
new synthesis of ethyl alcohol, and later 
playing an important part in the war- 
time synthetic rubber programme. 

Among the many awards he was 
given was the Willard Gibbs Medal, 
bestowed on him by the American 
Chemical Society in 1944 for his funda- 
mental role in bringing “leadership in 
organic chemistry from Germany to 
the U.S.A.” 
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announcements 





Meetings 


November 17-19, ACTH and Related 
Peptides: Structure, Regulation and 
Action, New York (Mr Charles Roarty, 
The Barbizon-Plaza Hotel, 106 Central 
Park South, New York, New York 
10019). 


Winter Gordon Research Conferences: 
January 3-7, Deformation and Failure 
Mechanics in Polymer Composites; 
Bacterial Cell Surfaces. 

January 10-14, Polymers; Organic Thin 
Films and Solid Surfaces. 


January 17-21, Electrochemistry; Agri- 
cultural Science. 


January 24-28, Chemical Oceano- 
graphy. 
January 31!-February 4, Hormone 
Action. 


(Alexander M. Cruickshank, Director 
Gordon Research Conferences, Pastore 
Chemical Laboratory, University of 
Rhode Island, Kingston, Rhode Island 
02881). 


June 1-3, Frequency Control, Atlantic 
City, New Jersey (Deadline for 
abstracts: January 21) (Commander, 


US Army Electronics Command, 
ATTN: DRSEL-TL-MF (Dr J. R. Vig), 
Fort Monmouth, New Jersey 07703). 


September 5-9, Precise Electrical 
Measurements, Brighton, Sussex (Con- 
ference Secretary, The TEE, Savoy 
Place, London WC2R OBL). 


September 5-10, Geochronology, Cos- 
mochronology and Isotope Geology, 
Pisa, Italy (Deadline for abstracts: May 
15) (Gabriella Bonadonna, C.N.R.- 
Laboratorio di Geochronologia, Via 
Cardinale Maffi, 36, 56100 Pisa, Italy). 
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Dear Mrs Williams... HELP 


4 Briratn’s” science funding through the research 
councils has got itself into a real mess these past few 
weeks. Shirley Williams, Secretary of State for Educa- 
tion and Science, whose stock is already high amongst 
both administrators and scientists, could well earn 
herself even more credit by managing to sort out a log- 
jam which no one else has the political clout to do. 

Faced like every othér body with the need for 
economic restraint, the Advisory Board for the 
Research Councils (ABRC) has been saying for some 
time now, and most notably in its Second Report pub- 
lished about six months ago, that if expenditure is allowed 
to grow at all it is the research councils other than the 
Science Research Council (SRC) which will get any 
growth that is going. Indeed, to help fund this the SRC 
has had to expect to spend 2% less per year over the 
years to 1980. This makes the period 1973-80 one in 
which the spending power of the SRC in real terms is 
expected to fall by one-sixth. 

Within that overall decline, moreover, there were to 
be favoured areas. Engineering research and associated 
schemes such as the Teaching Company, marine tech- 
nology and polymer engineering, were to grow by more 
than 50° in the years 1976-81. Science Board research 
comprising biology, chemistry, mathematics and physics 
outside astronomy and nuclear physics is allowed a 
10% growth in the same period, although all of this 
and more will be taken up by expansion of central 
facilities. On the other hand nuclear physics expendi- 
ture (at present £41 million per annum. half domestic, 
half at CERN) will drop to £29.5 million, with all 
domestic expenditure nearly halved. And expenditure 
in astronomy and space research will drop from £26 
milion to £20 million, again with the subscription to 
the European Space Agency assuming an increased 
importance. Whatever abuse may be hurled at SRC, it 
has certainly shown itself capable of rapid response to 
outside pressures for changes in direction—some of 
these switches mean that laboratories are having to 
change their rôle entirely. 

Now all of this makes for a most remarkable contrast 
in reading between the SRC’s annual report, just pub- 
lished (HMSO: £1.75) and the reports of the Natural 
Environment Research Council — NERC (HMSO; 
£2.65) — and the Medical Research Council — MRC 
(HMSO: £2.75). (Even the price difference tells the 


story). Whereas NERC and MRC, although generally 
worried by economic stringency, seem to find their big- 
gest problems in such matters as adapting to the 
customer-contractor relationship and giving their re- 
searchers a stable career, SRC looks burdened down on 
almost all sides. But it is what has happened since the 
end of the reporting year (31st March, 1976) which now 
has everyone so much on edge. Changes in the value 
of the pound have put up the cost of the international 
subscriptions to just those agencies such as CERN and 
ESA that are meant to take the load off the domestic 
budget. Of the £6 milhon more that SRC needs to find, 
the Treasury has as yet only agreed to cover £2.5 
million. 

The SRC has a long way to go, and for the past three 
weeks has been seeing what can be trimmed, in a 
fashion which has put even more people on edge. 
Requests have gone out to directors of establishments 
to look at their capital expenditures with a view to 
making immediate savings. Major establishments will 
have to cut capital expenditure by a fifth in the next vear 
and one round of new research grants, due in a month’s 
time, is going to be deferred. The other research councils 
are also having to bear the load of CERN and ESA. 

No one would pretend that all this unseemly grubbing 
around is going to bring Britain’s science to a grinding 
halt within months. But it does seem to have generated 
a fair amount of unnecessary bad feeling amongst 
scientists. And it does pose problems about whether the 
whole structure of scientific research-—big science and 
little science alike—should be so easily rocked by 
international exchange rates. 

In the short term. it is incumbent on Mrs Willams, 
convinced European that she is, to go in fighting for 
automatic reimbursement of the increased European 
subscriptions. But in the longer run there is no doubt 
that some way must be found of giving the chairmen of 
research councils increased flexibility in their transac- 
tions. As it is they are committed every year down to 
their last penny and have no source of stand-by credit 
on which they could draw in situations such as these 
and which they could repay gradually if special pleading 
found no favour with the Treasury. z 
@ In Nature of September 30, page 359, the maximum 
permissible body burden for plutonium was given as 
0.6 mg. This should. of course, have been 0.6 pg. 
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The Nobel prizes (1): Physics 


Pioneers of the New Physics 


Stuart Sharrock puts the achievement 
of Richter and Ting into perspective 


THE discovery of stable elementary 
particles of high mass has opened up a 
new era in experimental and theoretical 
particle physics. For their pioneering 
work in this discovery Professor Burton 
Richter of the Stanford Linear 
Accelerator Center (SLAC) and Profes- 
sor Samuel Ting of the Massachusetts 
Institute of Technology have been 
jointly awarded the 1976 Nobel Prize 
for physics. 

The existence of a new particle was 
announced simultaneously by the two 
experimental teams in November 1974. 
it was observed independently by 
Ting’s group working on the proton 
accelerator at the Brookhaven National 
Laboratory (BNL), and by Richter’s 
team at the electron—positron storage 
ring facility at SLAC. The new 
particle, called J at BNL and 4 at 
SLAC, is a neutral meson of high 
mass, 3.1 GeV, and with the amazingly 
narrow width of 100 keV. It is difficult 
to detect with proton machines, and its 
discovery at BNL was a great feat of 
experimentation. In contrast it is 
copiously produced in electron—positron 
annihilation, although its narrow width 
makes it elusive. Within a few days 
of the announcement of the J/y the 
SLAC team had discovered a further 
state, the W at 3.7 GeV. 

The existence of stable particles of 
high mass was unexpected. The J/v 
is a spin | particle and is more than 
twenty times heavier than the lightest 
such particle, the pion. The J/% should 
rapidly decay into lighter known par- 
ticles, yet its lifetime (related to its 
width through the uncertainty prin- 
ciple) is about 1.000 times longer than 
expected. Furthermore the J/v does not 
fit into the well-established three-quark 
classification scheme. A new law of 
nature is therefore necessary to explain 
its decay properties and extremely long 
lifetime. 

Of the four known forces between 
particles only the electromagnetic inter- 
action is understood. Both Richter and 
Ting have in the past contributed to 
this understanding by demonstrating 
the validity of the theory down to 
distances of the order of 107cm. 
Attempts at a unified field theory for 
the weak and electromagnetic inter- 
actions based on the principle of ‘gauge 
invariance’, in which an additional 
symmetry is assumed to exist between 
the two interactions. have had some 
success in recent years, particularly 
with the prediction and subsequent 


observation of the neutral current weak 
interactions. The theories require the 
existence of a fourth quark, dis- 
tinguished by the name ‘charm’, This 
new quantum number has successfully 
explained the J/y¥ particle as a bound 
state of a charmed quark and a 
charmed anti-quark. 

If the charmed quark is heavy then 
the long lifetime of the J/wW is ex- 
plained. The bound state of charm- 
anticharm is similar to that of the e*e” 
system in positronium, and is called 
charmonium. A number of energy 
levels are expected in this model and 
many states have now been found fit- 
ting well into the predicted level 
scheme. The investigation of charmo- 
nium promises to play a key role in 
the understanding of strong inter- 
actions by providing information on 
the force acting between quarks. 

Particles are classified as hadrons 
if they have strong interactions and 
leptons if they do not. The addition of 
a charmed quark to the three conven- 
tional quarks provides a set of building 
blocks from which all known hadrons 
can be constructed. It also provides a 
symmetry between leptons and quarks, 
and there are now four of each with 
interactions that can be expressed in 
terms of the same set of mathematical 
rules. The detection of the new par- 
ticles has given rise to a new branch ol 
hadron physics which could lead to a 
better understanding of the symmetries 
governing the structure of elementary 
particles. Just as the discovery of 
neutral currents may help to unify the 
weak and electromagnetic interactions, 
the concept of a charmed quark could 
well indicate links between the weak 
and strong interactions. 

Professor Ting’s experiment at BNL 
was part of a systematic and precise 
study of lepton pairs produced in 
hadron—hadron collisions. This study 
was started in 1972 and, to cover the 
mass region 1-50 GeV, involved experi- 
ments at BNL, the ISR in Geneva and 
the electron synchrotron DESY in 
Hamburg. One of the aims was to 
search for long-lived particles decaying 
into lepton pairs. These experiments 
are very difficult as the rate of electro- 
magnetic pair production in hadron- 
hadron collisions is extremely low 
compared to the rate of production of 
hadron pairs. The experiment had to 
reject hadron pairs by a factor of at 
least 100 million. During the period 
August-October 1974 the Ting group 
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had seen a narrow peak in the effective 
mass distribution of electron pairs, and 
had performed many detailed checks to 
prove that the peak was a real particle. 
The announcement of the discovery 
was withheld at first while the experi- 
ment was modified to search for pos- 
sible further new phenomena. The in- 
evitable rumours began to circulate 
and the group decided to publish at the 
beginning of November. Around this 
time the new particle was also seen at 
SLAC and the results of the two 
experiments were published simultan- 
eously, 

At SLAC, Richter’s team had been 
working with the immense magnetic 
detector at the electron~positron stor- 
age ring complex (SPEAR). They had 
compiled a large volume of data on the 
total cross-section for e*e” annihilation 
as a function of energy. On checking 
through these data an anomaly was 
observed at one particular energy set- 
ting: inconsistent values of the total 
cross-section were obtained in measure- 
ments taken at the same nominal 
energy. The group decided this 
anomaly had to be cleared up, and at 
the beginning of November thev 
decided to investigate the energy 
region in detail. Within hours of start- 
ing an extremely narrow peak in the 
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cross-section had been seen. This effect 
was so strong and clear that the group 
immediately sat down and wrote the 
draft of their paper announcing the 
discovery of the new particle. The fol- 
lowing day Richter and Ting met at a 
committee meeting and to their mutual 
astonishment started to tell each other 
about the interesting physics results 
they had found. 

Burton Richter was born in 1931 in 
New York. He decided to become a 
scientist as a child in high school, a 
physicist as an undergraduate, and a 
particle physicist after obtaining his 
PhD from MIT in 1956. Richter, 
always fascinated by electrons, sought 
a job at SLAC where he performed 
experiments demonstrating the range of 
validity of quantum electrodynamics 


The Nobel prizes (2): Chemistry 


Boranes surgery 


A Special Correspondent looks 


down to very small distances. He has 
long been a proponent of the virtues of 
electron-electron scattering and was 
instrumental in the commissioning of 
the ee colliding beam machine at 
SLAC. During this time he designed an 
e*e” storage ring and worked for ten 
years to create the complex known as 
SPEAR. His team working on SPEAR 
began experiments in 1973 culminating 
in the discovery of the ¥ family of 
particles and the subsequent measure- 
ment of their properties. 

Samuel Ting was born in 1936 in 
Michigan but returned to China with 
his parents when he was two months 
old. At the age of 20 he returned to 
America with $100, very little know- 
ledge of English and a determination to 
go to university. Within a short time 


at the work of William Lipscomb 


ie is no surprise to chemists that Bill 
Lipscomb should have been awarded 
the Nobel Prize for his beautiful work 
on the boron hydrides. The layman 
may, however, be baffled, wondering 
what these oddly-named entities might 
be, and why they should have merited 
years of study by a leading crystallo- 
grapher who is no less well known for 
his more recent work on the structure 
of enzymes, 

The story goes back more than half 
a century, to the time when the great 
inorganic chemist Alfred Stock re- 
ported that the simplest compound of 
boron and hydrogen is not BH, as one 
would expect by analogy with BF;, but 
its dimer BeHy. The trouble with B:Hs, 
and with all the other boron hydrides 
which he described, was its “electron 
deficiency”. If the molecule had an 
ethane-like geometry (as the evidence 
of electron diffraction was held to indi- 
cate) it would need 7 electron-pair 
bonds to hold its atoms together, but 
only 12 valency electrons were available 
for the purpose. This ominous crack in 
orthodox valency theory was papered 
over by Linus Pauling, who advanced 
special reasons why the B-H bond 
should be able to make do with less 
than 2 electrons, and proposed struc- 
tures for the higher boron hydrides in 
line with this idea. 

In 1943 Longuet-Higgins and Bell 
showed that the chemical and spectro- 
scopic evidence on B-H. harmonised 
less well with an ethane-like structure 
than with a bridge structure, in which 


two of the H atoms are situated in the 
middle of the molecule. It appeared 
that B:-H, manages to hold together, 
not by starving all its bonds of elec- 
trons but by sharing two electron pairs 
between the two sides of the central 
bridge. The bridge structure was con- 
firmed soon afterwards by W. C. Price, 
and in 1949 it was proposed that one 
should regard B:-Hs as containing two 
“liaisons triatomiques”, or “‘3-centre 
bonds”, neatly describable in terms of 
localised molecular orbitals. But the 
higher boron hydrides remained a 
puzzle. 

At this point the crystallographers 
grasped the initiative, and Kasper, 
Lucht and Harker led off with a 
definitive determination of the molecu- 
lar structure of crystalline BiwHh:. 
Their results if anything deepened the 
mystery: the bonding in this molecule 
clearly involved principles more gene- 
ral than those which had been ad- 
vanced for B:Hs, and it became clear 
that a full understanding of these 
principles must await the collection of 
Structural evidence on the other boron 
hydrides. 

It was Lipscomb who took up this 
challenge. Undaunted by the patho- 
logical instability of most boron 
hydrides and the acute difficulty of 
“seeing™’ hydrogen atoms by X-ray 
diffraction, he and his colleagues com- 
pleted a sequence of brilliant experi- 
mental studies of the hydrides des- 
cribed by Stock, and of others isolated 
in his own laboratory. A pattern soon 
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he had obtained a degree and a PhD 
from the University of Michigan and 
decided to become an experimental 
physicist. After a year at CERN he 
returned to teach at Columbia Uni- 
versity in 1965. At Columbia he pro- 
posed an experiment at DESY to 
check a recent experimental result 
which appeared to show a violation of 
quantum electrodynamics, This was 
accepted, and in 1966 he began a long 
association with DESY in which he 
performed experiments extending the 
range of validity of quantum electro- 
dynamics and determining the pro- 
perties of vector mesons. His work 
over the last decade on lepton pro- 
duction culminated in the discovery of 
the J/wv by its decay into electron 
pairs. 
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began to emerge which could be inter- 
preted in terms of ‘‘3-centre bonds” of 
various novel kinds, together with 
‘“many-centre bonds”, for whose poss- 
ible existence there were solid grounds 
in molecular orbital theory. Simul- 
taneous theoretical studies in England 
and by Lipscomb’s group predicted 
the existence of a stable ion ByHw ~ 
with icosahedral symmetry. . 

The preparation of the potassium 
salt. and the subsequent determination 
of its structure by Wunderlich and Lip- 
scomb in 1960, set the final seal on 
the molecular orbital theory of the 
bonding in these remarkable substances. 
The fascinating work of Lipscomb and 
his colleagues is a story of the fruitful 
interplay between imaginative theory 
and skilled experiment, leading to a 
genuine “breakthrough” in our under- 
standing of the forces which bind atoms 
together. No longer is there a dichot- 
omy between the chemist’s “covalent” 
bond and the “metallic” bond of the 
physicist: Lipscomb’s work showed us 
that at least one element succeeds, in 
its hydrites, in forming both kinds 
of bond within the same molecular 
species. g 
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The Nobel prizes (3): Medicine 


Antipodean... 


Carleton Gajdusek’s attainments 


stretch beyond virology. Cedric Mims 
outlines his work and assesses its significance. 


\RLETON Gajdusek came into 

medical virology in the early 1950s 
and he soon developed a particular 
interest in the haemorrhagic fevers of 
the USSR and the Far East. His work 
on virus infections took him to many 
other parts of the world including 
South America, the Middle East and 
a number of Pacific Islands. Not con- 
tent merely to investigate the viruses 
infecting a given population he also 
made extensive studies of the behaviour. 
development and language of the 
people. In all but name he became an 
anthropologist. During the 1960s he 
could be counted on to talk with 
authority not only about the exotic 
diseases occurring in peoples in remote 
corners of the earth, but also about 
aspects of their physical and cultural 
anthropology. In 1959, at the National 
Institute of Health in Bethesda, Mary- 
land, he became simultaneously director 
of a programme for studying child 
growth and development in primitive 
cultures and director of the labora- 
tories for slow, latent and temperate 
virus infections. 

It was in 1957, during an expedition 
to the highlands of New Guinea, that 
he encountered the disease kuru. and 
together with Vincent Zigas, the local 
physician who already knew the disease, 
he brought kuru to the attention of the 
rest of the world. Kuru was a chronic 
neurological condition, progressive and 
fatal, affecting especially the cere- 
bellum and occurring in a sharply 
localised area inhabited by the Fore 
tribe. In these people it was responsible 
for more than half the total deaths 
after infancy, and in some villages at 
least half the women were affected. 

Initial thoughts about the role of 
local genes, local plant or other toxins. 
were dramatically swept away after Dr 
Hadlow, of the Rocky Mountain 
Laboratory, Montana, had pointed out 
that the brains of patients with kuru 
bore a histological resemblance to the 
brains of animals suffering from 
scrapie. Scrapie, another chronic de- 
generative neurological condition affect- 
ing sheep. was known to be trans- 
missible experimentally from animal to 
animal, but only after an unusually 
long incubation period of a year or 
two. Gajdusek therefore flew re- 
frigerated brains from patients with 
kuru to the Washington laboratory 
where in August 1963 his close col- 


laborator, Joe Gibbs. injected the brain 
suspensions into two chimpanzees. 
Twenty-one and thirty months later the 
injected animals were seen to sicken 
with a disease closely similar to kuru 
and their brains showed almost identical 
pathological changes. 

The disease could be transmitted 
from chimpanzee to chimpanzee, in 
whom the average incubation period 
was 22 months, and in subsequent ex- 
periments various other primates were 
found to be susceptible. All the usual 
laboratory tests for microorganisms 
were negative, except for a number of 
chimpanzee viruses which were re- 
covered and appeared to represent the 
normal viral flora of the brain. The 
transmissibility of the agent from 
animal to animal and its assay (107 
infectious doses present per gram of 
brain) firmly established that kuru was 
caused by an infectious agent. But 
kuru, being closely similar in its 
properties to scrapie. was not a con- 
ventional virus and to this day its 
composition and mechanism of replica- 
tion is unknown. For the first time 
therefore, a chronic neurological con- 
dition of man, in which there were no 
pathological or other signs of infection, 
had been shown to be due to a trans- 
missible agent. 


‘It seems probable that we 
have still not gathered the full 


harvest of the discoveries made 
by Gadjusek `° 


Throughout this work and during 
his frequent visits to New Guinea, 
Gajdusek had both the opportunity and 
the energy to exercise his anthro- 
pological interests. As a result of this 
he wrote various monographs, produced 
films and contributed to paediatric 
journals. The marriage of virology and 
anthropology bore appropriate fruit 
when it became clear that the disease 
kuru in New Guinea was transmitted 
from person to person by cannibalism. 
The disappearance of cannibalism in 
this part of New Guinea has meant that 
kuru too has now almost disappeared. 

Kuru is restricted to a small zone 


a. 
< 
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in the highlands of New Guinea, where 
a total of some 2,000 cases has been 
reported since its discovery in 1957. But 
the discoveries about kuru have sparked 
off a fresh approach to other chronic 
degenerative neurological conditions of 
man which are of unknown aetiology, 
such as amyotrophic lateral sclerosis 
and parkinsonian dementia. So far one 
of these conditions, called Creutzfeld 
Jacob disease, has been shown in Gaj- 
dusek’s laboratory to be transmissible 
‘© primates and caused by a replicate 
infectious agent similar to kuru. Creutz- 
feld Jacob disease is rare, but the 
infectious agent has now been recovered 
from the brains of patients in five 
continents of the world. It seems quite 
likely that the neurological disease is 
the tip of the iceberg and reflects wide- 
spread sub-clinical infection. 

At about the same time as the dis- 
covery of kuru, certain conventional 
viruses had been shown by others to be 
responsible for obscure and chronic 
neurological conditions. Measles virus 
was recognised as a cause of the rare 
disease subacute sclerosing panencepha- 
litis, and JC virus, a new human 
papovavirus, came to be associated 
with progressive multifocal leucoen- 
cephalopathy. Once again the infectious 
agent was seen to persist in the body 
and cause a disease after a period of 
several years. 

It is against this background that 
Gajdusek’s work on kuru must be 
assessed. It is now firmly established 
that chronic diseases of man, especially 
neurological diseases. can arise as a 
result of the slow but relentless multi- 
plication of certain infectious agents, 
sometimes referred to as “‘slow viruses”, 
which cause disease many vears after 
initial infection. The possible incuba- 
tion period with kuru, for instance, is 
between 10 and 15 vears. Much of the 
recent excitement in multiple sclerosis 
research arises from observations based 
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on this concept. It represents a great 
step forward in our understanding of 
disease and it seems probable that we 
have still not gathered the full harvest 
of the discoveries made by Gajdusek. 
These discoveries, moreover, may well 
prove to be of more than mere bio- 
logical interest, because traditionally 
microbiology has moved from the re- 
cognition of an infectious aetiology to 
the development of a vaccine and thus 
to the prevention of the disease. 


.». encounters 


The agents responsible for kuru, 
Creutzfeld Jacob disease and scrapie 
pose major problems for the in- 
vestigator. All assays and tests depend 
on the lengthy incubation period in 
experimental animals and it may take 
more than a year to learn the result 
of a single experiment. Other micro- 
biologists would have shied away but 
Gajdusek’s insight, patience and per- 
sistence have ensured that the infectious 
origin of kuru was discovered and the 


A Special Correspondent describes 
the discovery made by Baruch Blumberg, 
‘one of the success stories of the century’ 


URPRISE, suspense and success are 

the three indispensable ingredients 
cin a good detective story, and none of 
them is absent from the events which 
led up to the discovery and evaluation 
of Australia antigen, now usually 
known as hepatitis B antigen, or HB 
antigen. 

The story starts nearly 20 years ago, 
when Dr Baruch Blumberg, one of 
the recipients of the 1976 Nobel Prize 
for Medicine, was at work on proteins 
in the blood. It is well known that 
humans show individual variation in 
the antigens, or blood group substances, 
on their red blood cells. Blumberg set 
out to detect and compare comparable 
substances in the plasma as opposed 
to those on the cells. Using as antisera 
specimens from patients who had re- 
ceived many transfusions, a reacting 
antigen was found in an Australian 
aborigine. 

The surprises began when this was 
found to be widely, if unevenly, dis- 
tributed in human blood throughout 
the world. The United States, where 
Dr Blumberg was working, was in fact 
relatively free from it, although a 
survey of patients revealed that cases 
of leukaemia, Down’s syndrome (mon- 
golisrn) and hepatitis figured among 
those who were positive. The question 
began to be asked: was this in fact 
not a simple protein antigen but a 
hurnan leukaemia virus? 

‘The possibility of being able to de- 
tect and study such a virus opened wide 
horizons—but it was now that the 
Suspense began, because it quickly 
became unlikely that it was, in fact, a 
leukaemia virus. A common factor in 
leukaemia and Down’s syndrome is 
altered cellular immunity: in addition, 
patients with leukaemia have many 
transfusions with a concomitant oppor- 


tunity for acquiring hepatitis, and 
children with Down’s syndrome (at 
least, those of them in institutions) are 
notoriously prone to hepatitis. 

It was about this time that hepatitis 
B infection, acquired from transfused 
blood, broke upon the haemodialysis 
trade. The transmission of hepatitis B 
virus, undetectable by any means except 
the production of the disease in a 
patient, had always been a problem in 


blood transfusion and the use of blood = 


products, but the disasters which over- 
took staff and patients in dialysis units 
had made it doubly urgent to find a 
means of recognition, a serological 
marker for the presence of the agent. 

It is now well known how, during 
the late 1960s, it became clear that 
Australia antigen was such a marker— 
but was it, in fact, the hepatitis B 
virus? When examined by negative 
Staining it did, so to speak, come to 
life, and at least some of the particles 
could be seen to be acceptable as virus. 
By now it has been possible to purify 
these particles, and to determine that 
they have double-stranded DNA and a 
DNA polymerase, and in fact to do 
many things with them except grow 
them in a laboratory system. 

Many medical microbiologists must 
have hoped that this would give a clue 
to growing hepatitis B virus in a cell 
culture system, but so far they have 
been disappointed. However, this has 
not prevented the use of HB antigen 
to study the natural history of hepatitis 
B virus, to detect carriers, and, to de- 
tect antibodies in human serum, and 
this is where the third ingredient, a 
successful conclusion, comes in. 

As a corollary, it is possible to pre- 
vent many cases of hepatitis B (post- 
transfusion and otherwise) and hence to 
make haemodialysis, blood transfusion, 
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disease given an important place in our 
understanding. He has been the pioneer 
and the central authority in this area 
of biomedical research. His encyclo- 
paedic memory, his familiarity with 
strange places and primitive peoples 
have generated many legends. He is the 
sort of man one might have expected 
to win a Nobel prize and at the same 
time it is both a surprise and a pleasure 
to find such a gentle and likeable man 
behind the legends. O 


Baruch Blumberg 


and the use of blood products infinitely 
safer. Unfortunately, there is still no 
conventional small laboratory animal, 
but the chimpanzee serves as a possible, 
if expensive, source and host. Even a 
vaccine has been prepared from HB- 
antigen-positive human blood, and even 
though its worth has yet to be assessed, 
there is little doubt about the effective- 
ness of the passive immunity conferred 
by the injection of concentrated, puri- 
fied, specific anti-HB immunoglobulin, 
Although the final evaluation of HB 
antigen involved, in the end, many 
laboratories, the work all springs from 
the researches of one principal and 
primary investigator. Even if, by hind- 
sight, the connection between the 
molecular genetics of polymorphism 
and the prevention of hepatitis B in 
haemodialysis units all over the world 
seems to involve a series of knight’s 
moves in chess, the consequences of 
Blumberg’s discovery, judged as a piece 
of preventive medicine, must rank as 
one of the success stories of the century. 
Perhaps in this respect it is as near as 
any previous awdrd to Alfred Nobel’s 
desire to reward those whose discoveries 
have been of benefit to mankind. O 
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Now New York steps in 
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The New York State Attorney 
General's office is considering whether 
or not to impose controls on recom- 
binant DNA experiments performed in 
facilities in the State. Colin Norman 
reports from New York 
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A windowless hearing room on the 
47th floor of New York City’s World 
Trade Center last week provided a 
somewhat unlikely venue for another 
round of public hearings on the 
potential risks and benefits associated 
with recent advances in genetic engin- 
eering. The hearing marks a poten- 
tially important development in the 
long process of regulating recom- 
binant DNA research in the United 
States, for it is the first time that the 
matter has been taken up by a state 
government. 

Called by the New York State 
Attorney General, Louis J. Lefkowitz. 
the hearing was designed to elicit the 
views of various concerned individuals 
-—-mostly scientists who have been in 
the thick of the debate over the 
potential hazards of recombinant DNA 
research for the past two years—on 
whether New York should impose its 
own controls on the research and. if 
so, just how strict those controls should 
be. 

The crux of the discussion was con- 
cerned with two closely related issues. 


First, whether the guidelines, pub- 
lished by the National Institutes of 
Health last June to control recom- 


binant DNA experiments which NIH 
supports, are strict enough to guard 
against possible public health hazards. 
And second, whether or not the 
guidelines should be enforced in New 
York State by law. 

The outcome of the discussions in 
New York will be closely watched 
elsewhere in the United States, for 
other states are likely to take up the 
matter at some stage. Already, the 


City Council of Cambridge, Massa- 
chusetts, has imposed a temporary 


moratorium on a few types of recom- 
binant DNA experiments at Harvard 
and Massachusetts Institute of Tech- 
nology, while a special review board. 
consisting of city residents, is looking 
into the risks and benefits associated 
with the research. (The Cambridge 
moratorium was due to expire on 
October 7, but it has quietly heen 
extended until January 7 to allow the 
board more time to make its recom- 
mendations.) And a committee of the 
City Council in San Diego has also 


been taking evidence from both 
supporters and opponents of the 
research. New York is the first state 
to consider adopting legal controls, 
however. 

According to one 
Attorney General’s office, a major 
factor which led New York to look 
into the matter is the fact that the 


official in the 


NIH guidelines apply only to NIH 
grantees. and there are no legal 


sanctions which can be applied if the 
guidelines are violated. Research 
supported by industry, and even by 
other government agencies, is not 
formally covered. Thus a prime con- 
sideration in New York is whether or 
not the controls should be backed by 
the force of law and made to apply 
to all facilities. including industrial 
laboratories. 

Last week’s hearings consisted of a 
parade of about a score of witnesses 
who urged the State government. to 
undertake a variety of measures 
ranging from doing nothing to banning 
virtually all recombinant DNA experi- 
ments in the state. The hearings were 
mostly low-key. punctuated by some 
fairly gentle questioning by officials in 


the Attorney Generals office. They 
contrasted rather starkly with the 


highly charged, emotional nature of 
the Cambridge City Council’s hearings 
earlier this vear. 

Leading the call for a moratorium 
on the research were George Wald of 
Harvard, Leibe Cavalieri of the Sloan- 
Kettering Institute. Erwin Chargaff of 


Columbia University and Jonathan 
King of Massachusetts Institute of 


Technology, Cavaheri kicked off with 
a critique of the guidelines and the 
way in which they had been developed, 
arguing that there had been only 
“token” input from the public. and 
suggesting that “it is up to society to 
see that the research effort is directed 
toward solution of problems, not the 
creation of new problems”. Cavalieri 
was the only speaker to dwell at 
length on what he called “the hazards 
of success”, suggesting that so far the 
discussion of recombinant DNA 
research has failed to consider the 
implications of the successful manipu- 
lation of the genetics of. for example. 
crop plants. The result. he said. 
“would he a change in the intricate 


halance of our environment, which 
has taken millions of vears to 
establish”. 

Wald was the most outspoken 


critic of the research and the guide- 
lines, however. He suggested that the 
recent outbreak of Legionnaires 
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Disease in Philadelphia has provided 
“a beautiful model’ of what a public 


health problem with recombinant 
DNA research would be  like— 
“unidentifiable and impossible to trace 
to its source’. Wald argued that 
recombinant DNA research should 


not be conducted in universities, but 
it should be isolated in one or two 
national safety facilities, 

As for proponents of the research, 
the most outspoken was James Watson, 
Director of the Cold Spring Harbor 
Laboratory. Watson said that he once 
told former Presidential candidate 
Sargent Shriver that the furore over re- 
combinant DNA research is “the most 


-overblown thing to enter the American 


scene since (President Kennedy) created 
the fallout shelter’. Watson argued he 
could see no danger in transplanting 
genes from higher organisms into 
viruses or bacteria, and he said that he 
could see little hazard even in trans- 
ferring genes from viruses known to 
cause cancer in animals into bacteria. 
The impact of infection by such or- 
ganisms would be “negligible” com- 
pared with the impact of infection by 
the viruses themselves, he said, and 
suggested that “the marginal danger of 
this thing 1s a joke compared with 
other dangers”. He suggested that the 
Attorney General’s office could better 
spend its time looking into the poten- 
tial health hazards of hair dyes and 
flame retardants in children’s clothing. 
“What started as an attempt by the 
scientific community to be responsible 
takes on the aspects increasingly of a 
black comedy’’, Watson stated. 

Faced with such widely conflicting 
viewpoints, the New York Attorney 
General’s office 1s going to have a tough 
time deciding whether or not to im- 
pose additional controls on researchers 
in New York. Its decision will, how- 


ever. be carefully watched in other 
state capitals. Cl 


© Eleanor Lawrence adds from London: 
The US National Institutes of Health 
guidelines and the report of the British 
Wiliams Committee have now been 
followed by recommendations for the 
conduct of in vitro recombinant DNA 
research by two European organisa- 
tions, the European Science Founda- 
tion (ESF) and the European Mole- 
cular Biology Organisation (EMBO). 
The ESF makes a number of sug- 
gestions. It says national registries of 
recombinant DNA research, analogous 
to the Genetic Manipulation Advisory 
Group proposed for Britain, should be 
set up in each country. Tt also suggests 
that all industrial, university and 
government laboratories be legally 
obliged to declare relevant aspects of 
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their work to such a registry. The 
supervisory and monitoring machinery 
would remain a national responsibility. 
There is a further recommendation 
that the code of practice drawn up by 
the Williams committee be followe? 
rather than the NIH code since 
Williams specifies a greater degree of 
physical containment for most experi- 
ments, and is more flexible. 

The EMBO guidelines also support 
the idea of national advisory groups, 
which would specify the conditions of 
containment to be used. EMBO says 
that either the Williams or the NIH 
codes of practice may be followed, 
but not a mixture of both. The different 
degrees of emphasis on biological and 
physical containment in the two codes, 
it contends, could lead to confusion. 

Both organisations emphasise the 
need for regulations to operate at the 
same level in different countries and 


COMECON 


therefore suggest that the national 
advisory committees should mee: 


regularly. In addition they both pro- 
pose that suitable experiments should 
be undertaken to assess the conjectural 
risks associated with recombinant 
DNAs and to pave the way towards 
eventual adjustments to the guidelines. 

In Britain, however, many biologists 
are unhappy about the draft Health 
and Safety Commission (HSC) regula- 
tions now being circulated for comment. 
The regulations require among other 
things compulsory notification to the 
HSC of any experiment intended “to 
alter or likely to alter the constitution 
of any microorganism”. Although the 


HSC has asked which experiments 
chould be excluded, this type of 


blanket regulation, and the fear that 
proposals submitted to the HSC would 
be delayed interminably by bureaucratic 
machinery, have stimulated a group of 
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scientists to ask government that the 
HSC regulations should be withdrawn 
completely. They wish to see the 
voluntary procedures recommended by 
Williams followed instead. 

There is strong feeling that in this 


instance ihe HSC is not the most 
appropriate body to deal with the 


complex scientific issues involved and 
that public interest would be better 
served if they were considered by an 
expert committee such as the Genetic 
Advisory Manipulation Group for 
example. The Health and Safety Com- 
mission would still have powers under 
the present Health and Safety at Work 


Act to inspect laboratories to see 
whether the containment procedures 


recommended by Willams were being 
implemented, and could probably be 


brought in by GMAG to prevent 
experiments considered unsafe being 
carried out. 5 





© Scientific cooperation between 
Comecon countries is still “‘incom- 
mensurable’® with the requirements 
and potentialities of the 
countries, according to the Polish 
journal Sprawy Miedzynarodowe. The 
relatively slow development of joint 
research and development projects is 
to a certain degree attributed to “sub- 
jective factors’ such as lack of 
personal initiative, but also to the 
“excessive autarchic tendencies” of 
individual bodies which often neces- 


sitate intervention by the “central 
authorities’ (that is, Party and 


Government) of the member coun- 
tries. 

A number of remedies are proposed 
to help the integration of research 
which is a fundamental tenet of 
Comecon planning. Most of these 
relate to improvements in organisa- 
tion and management, the integration 
of science and industry and so on. 
One. however, suggests a basic lack in 
the whole policy of cooperation. This 
involves the question of funding. At 
present, it appears, the necessary 
funds are obtained often only after 
protracted negotiations between the 
countries concerned. To speed up the 
process, it is suggested that a special 
fund should be created within the 
International Bank (in Moscow) for 
the integration of research and de- 
velopment in the Comecon countries, 
with. in due course. the possible estab- 
lishment of a Comecon bank especi- 
ally for the financing of research. 


@ Since the discovery of lasers, laser 
research has been seen as a modern 

g eminently 
suitable for Socialist countries. The 
Second International Conference on 





member 





Luminescence at Szeged in Hungary 
last month showed that interest con- 
tinues unabated. In particular, a 
Hungarian team described the use of 
lasers to determine “hitherto- 
undiscovered properties of sub- 
stances”, while Soviet. Polish and 
East German specialists reported 
considerable success in the use of 
lasers to investigate photosynthesis. 





® Cosmonauts from all the Comecon 
countries including Cuba and Mon- 
golia -are to take part in manned 
space-flights between 1978 and 1983 
as part of the Interkosmos programme. 
Until now. the programme has con- 
sisted solely of the launching of un- 
manned satellites, put into orbit by 
Soviet rockets and carrying experi- 
ments and equipment provided mainly 
hy the Soviet Union with some parti- 
cipation from the European members 
of Comecon. notably East Germany 
and Czechoslovakia. Not surprisingly, 
Soviet participation in the new pro- 
gramme will also be considerable: as 
well as providing the spacecraft, 
orbiting stations, and launch facilities, 


the Soviet Umion will train the cosmo- 
nauts —training will take place at the 
Soviet “Yuri Gagarin” training 
centre. And the wording of a recent 
TASS communique suggests that at 
least one crew member in each flight 
will be from the Soviet Union. 


@Chemicisation, the massive, wide- 
spread, undesirable use of artificial 
fertilisers, has long been a cornerstone 
of Soviet agricultural policy, and, not 
surprisingly, has become standard 
practice in other Comecon countries. 
In certain cases, however, the results 
have not been entirely successful. In 
Hungary, for example, excessive use 
of fertilisers has considerably reduced 
the sugar content of sugar beet in 
recent years, so that while the yield 
of beet itself has increased steadily, 
the overall sugar yield has remained 
constant. To encourage the produe- 
tion of maximum-yield crops rather 
than overall gross bulk, the‘ Director- 
General of the Hungarian Sugar 
industry recently announced a new 
scheme of payment for sugar-beet 
crops under which farmers will 
receive a premium based on sugar 
content. The Hungarian experience 


is, apparently, not unique: recent 
Soviet resolutions on the further 


improvement of agriculture stress the 
need “to increase research on the 
study of the effect of mineral fertili- 
sers and other chemical products on 
the quality and biological total value 
of agricultural production”. This 
marks a radical change from tradi- 
tional attitudes: until now the largest 
crops rather than the best have 
alwavs won official acclaim. 

Vera Rich 
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EEC 





Same song, different meaning 





Chris Sherwell reports on the latest 
developments on the European Com- 
munity’s research front 





THe EEC’s Council of Research Minis- 
ters did their turn again at the end of 
last week when they met in Luxem- 
bourg. In most respects it was a repeat 
performance of a long-running drama, 
but it did have the added merit of a 
new act to take it further towards the 
worthy ending it has so far lacked. 

The Ministers were unable to make 
the crucial and much-delayed decision 
on the siting of the Joint European 
Torus (JET), the Community’s sorely 
afflicted fusion project. It was that 
which made the meeting a repeat per- 
formance. But earlier expectations of 
progress on this particular matter had 
begun to die anyway, principally be- 
cause the whole issue has in recent 
months become inextricably inter- 
twined with the Community’s four-year 
joint research programme, now under 
discussion. 

When the Ministers left Luxembourg 
they had at least resolved a good deal 
concerning JET apart from the site. 
They were able to agree certain details 
regarding financial arrangements 
(though not others), as well as the pro- 
ject’s legal status. It was these accords 
which helped mainly to redeem the 
show, but until the site is decided they 
can have little real practical meaning. 

The meeting agreed that the Euro- 
pean Commission will put up 80% of 
the costs, with the host country bearing 
10% and the other participating coun- 
tries the remaining 10%. The host 
country will also meet the costs asso- 
ciated with supplying the site with 
basics and with dismantling the project 
on completion in several years’ time. 
At that point the equipment will be the 
host country’s property. The Ministers 
further agreed that the project was a 
“joint enterprise”, that is, independent 
of the host country and a Community 
project to be identified as such. 

They were, however, unable to 
decide on staff numbers, although there 
was agreement that the host country 
would second people to the project and 
that others would be engaged as tem- 


standing matters will be discussed by 
the member states’ permanent repre- 
sentatives in Brussels, as will another 
issue, the precise costs involved. Since 
the Commission coftttribution of 108 
million units of account (at March 1975 
prices) was agreed, costs have risen and 
the project is being talked of in terms 


of a four-year construction effort 
rather than five years. Some modifica- 
tion may therefore be necessary. 

Much of this was largely in line with 
Commission proposals made a couple of 
weeks earlier. Regarding the site, how- 
ever, the Commission was in favour of 
the Joint Research Centre (JRC) at 
Ispra in Italy—itself nothing new—but 
had made a new proposal should no 
Council decision be reached before the 
end of the year. In that event, it sug- 
gested, the matter should be passed 
over to the Commission itself, which 
would then decide on the basis of an 
opinion from its own JET committee-— 
which decided matters by a two-thirds 
majority. 

This, a precedent which did not 
look like attracting many Ministers, 
was not discussed in Luxembourg. 
Another complication had already 
crept in some weeks earlier, when it 
was agreed to discuss JET in the con- 
text of the four-year joint research 
programme. Although designed to 
hasten agreement on the JET site, it 
introduced a bargaining element well 
suited to Community realpolitik. With 
details of the research programme 
themselves matter of dispute, move- 
ment on JET became contingent upon 
movement on the research programme. 

At last week’s meeting demands 
concerning the programme came. 
perhaps ironically, from three of the 
four main contenders for JET-—~ 
Britain, France and Germany. Britain’s 
starting position, on which it is flexible. 
was to seek reductions in staff of about 
20%, and cuts in certain expenditures 
amounting to £15 million at the Com- 
munity’s four research centres. Ttaly 
argued that this would threaten the 
centres. especially Ispra. the fourth 
JET contender. No one is saying that 
Italy and the Commission are now 
preparing for the worst. but there is 
speculation that if JET isn’t to go to 
Ispra only a large alternative research 
programme-—perhaps the one proposed, 
intact--would provide sufficient com- 
pensation. 

Certainly the British were keen to 
emphasise that the site decision ought 
to be taken on scientific and technical 
grounds only. That would help the 
Culham site’s case. but there would still 
be the matter of the French and 
German sites of Cadarache and Gar- 
ching. Of the two. Germany with its 
stronger economy is the stronger can- 
didate, yet the opportunity to streng- 
then its case still furhter through a 
higher host country contribution was 
apparently allowed to pass. French 
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research faces similar problems to 
Britain’s, but this may say more about 
the relative weakness of its candidacy 
than Britain’s ability to take on the 
project. The latter’s enthusiasm for 
the project going to Culham remains 
undiluted by the current crisis facing 
its research community and economy 
generally. 

As the Luxembourg meeting broke 
up the recipe was there for a good deal 
of haggling between the parties between 
now and the next Research Ministers’ 
meeting on November 18. The under- 
standings reached on JET and the joint 
research programme are provisional 
until a decision on the JET site is 
reached. If that decision, already 
delayed a year, is not made then. it 
could pass directly to the Council of 
Prime Ministers. Tf they didn’t agree 
and refused to leave the matter to 
others, the Commission could go on 
funding the project in the way it has 
done hitherto. The fate of the project. 
however, will be more uncertain than 
ever, tc 


® The European Science Foundation 
(ESF), members of which are national 
research councils and academies in 
Europe, is due to hold its general 
assembly in Strasbourg this week. The 
Foundation involves a total of 43 mem- 
ber organisations from sixteen Euro- 
pean countries. The President of the 
Executive Council, which will present 
its second report to the assembly, is Sir 
Brian Flowers, the UK physicist. 

The Foundation aims to encourage 
the emergence of a close-knit com- 
munity of science and research in 
Europe; this is also a goal of the FEC 
proper, with which the ESF has links 
through the Director General for Re- 
search, Science and Education at the 
European Commission. The ESF en- 
deavours to do this by providing a 
forum for the exchange of information 
and experience, particularly regarding 
the way the member organisations 
actually operate. Tt also seeks by this 
method to encourage activity aimed at 
producing joint European action in 
certain fields. 

As an international non-govern- 
mental non-profit organisation it lacks 
the financial means to give effect to its 
advice, but it can and does examine 
specific areas and maintains contacts 
with other concerned organisations, 
like EMBO and ESA. The Executive 
Council reports further progress in 
such areas as astronomy, space science, 
genetic manipulation and mathematics, 
in all of which it had sought to take 
initiatives during its first year of 
existence. 
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SERI delay 


Another three-month delay has been 
announced by the Energy Research and 
Development Administration (ERDA) 
in the timetable for establishing the 
Solar Energy Research Institute (SERI), 
the facility which may eventually be- 
come the focal point for solar energy 
research in the United States. ERDA 
was hoping to choose a contractor to 
operate SERI and a site for the facility 
in December, but it now says that a 
decision cannot be made before March. 


The delay stems chiefly from the 


fact that there is fierce competition 
among states for the contract to 
operate SERI, which will bring con- 
siderable amounts of federal money, 
jobs and prestige. ERDA has received 
20 proposals for the contract and so 
far has eliminated only one of them. 

The three-month delay is only the 
latest in a series of setbacks to the 
plans for SERI, first approved by Con- 
gress in November 1974. 


LEGISLATION to control toxic chemi- 
cals was as inescapable as are the 
facts that all substances are chemicals, 
all chemicals (depending on the level) 
are toxic, and all human activities are 
the target of regulation. Passage of 
the new law was accelerated by some 
notable gaffes by industry. Some of 


these mistakes were inadvertent 
because they preceded recent ad- 
vances in toxicological testing. In 


other cases there was a reluctance to 
adopt known procedures in testing 
industrial compounds: some of these 
had long been obligatory for proposed 
new agricultural chemicals and food 
additives, 

Insecticides bore the brunt of the 
earlier demands for increased regula- 
tion, perhaps because the methods 
used in applying insecticides were 
often easily visible. as when residential 
areas were sprayed to control mos- 
quitoes. Conversely. food additives 
got into trouble with the public partly 
by being honest, Their names are 
required on labels of foods in which 
thev are put. Few scientists, and cer- 
tainly no non-scientists. can derive a 
sense of epicurean satisfaction from 
contemplating the words “butvlated 
hydroxytoluene” on the list of 
goodies in a prepared snack. Such 
nomenclature heightens the convic- 
tion that we are surrounded by a sea 
of new synthetic chemicals even 
though our species has been sniffing 
and enjoving the odours of allyl iso- 
thiocyanate and diacetyl for many 
generations. | 


SGHWR report shortly 


Last week the final witnesses gave 
evidence on Britain's choice of nuclear 
reactor to the House of Commons 
Select Committee on Science and Tech- 
nology. The committee says it hopes to 
publish its report in about a month, 
having questioned the Energy Minister 


Mr Benn. the Central Electricity 
Generating Board and the South of 
Scotland Electricity Board, the UK 
Atomic Energy Authority and the 


National Nuclear Corporation, and the 


Health and Safety Executive and 
Electrical Power Engineers Associa- 
tion. 


Since the choice of the British Steam- 
Generating Heavy Water Reactor two 
vears ago it has undergone substantial 
modification (a reference design was 
only submitted in June of this year) 
and expenditure on it was deferred for 
a year in this summer's government 
spending cuts. Continuing doubts about 
whether it was the best choice made 


The new law should bring pro- 
tection to workers in chemical 
factories. Vinyl chloride, kepone and 
dichloromethy! ether furnished three 
examples of inexcusable incidents 
in which such workers were exposed 





Curbing chemicals 





THOMAS H. JUKES 


to toxic amounts of injurious chemi- 
cals. There is uncertainty and dis- 
agreement as to where the levels of 
such substances become tolerable, 
especially in the case of known or 
suspected carcinogens. However. it 1$ 
known that the time of onset of 
cancer is lengthened by decreasing the 
dosage level, and lowering the dosage 
also decreases the probability that 


the committee decide to look at the 
whole question afresh. 


Protest over 
Nacekuke closure 


Civil service unions are protesting to 
the Secretary of State for Defence 
about the plans to close the Chemical 
Defence Processing Establishment at 
Nancekuke, Cornwall—due, according 
to the unions, in March 1978. Some of 
the work of the station will be moved 
to Porton Down in Wiltshire, another 
defence establishment. 

The union objects on the grounds 
that Nancekuke’s function is the pro- 
duction of defence chemicals, a job 
that Porton Down. a primarily research 
establishment, is not equipped to do. 
According to the 1973 Nugent report, 
closing the station would save around 
£80.000 a year, mainly in administra- 
tive costs. but the unions claim that 
money would not be saved. 


cancer will actually occur. These 
relationships apply regardless of 
whether or not an actual threshold 
can be established. 

When the pressures for bans are 
examined and compared there are 
some interesting paradoxes. Poly- 
chlorinated biphenyls (PCBs) escaped 
scot-free for about eight years after it 
had been shown that they were 
environmental contaminants on 4a 
global scale, toxic at low levels to 
many vertebrates, and distributed 
without control. Their American 
manufacturer made small gestures 
such as taking PCBs out of “‘carbon- 
less carbon paper”. Their use con- 
tinued in transformers and capacitors, 
which furnish, among other things, a 
comfortable living for the middle 
classes. But the fury of middle-class 
environmentalists descended on DDT, 
the use of which was primarily needed 
to save lives and prevent disease in 
disadvantaged countries. PCBs are far 
more stable than DDT and are known 
to be injurious to human beings as 
contaminants of cooking oil. For- 
tunately PCBs are on their way out, 
after being used as examples for the 
need of the new bill. 

Let us hope that the aroused con- 
sciousness of possible injury from 
“new chemicals” will eventually result 
in a balanced study of hazards from 
both synthetic and ‘“‘natural” com- 
pounds. In the meantime I am trying 
to avoid a feeling that T am endanger- 
ing myself when T sniff the smoke of a 
camp fire. 
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Exotic viruses 

Sir,—In last week’s article on exotic 
viruses (page 625), an error was in- 
advertently introduced ie the 
editorial work. 

The identification of a Marbureg-like 
agent announced two weeks ago was 
from material obtained from patients in 
a recent outbreak of illness in Zaire 
and the south of Sudan only. 

ARIE ZUCKERMAN 
WHO Collaborating Centre for 
Reference Res@arch 
on Viral Hepatitis, 
London School of Hygiene 
and Tropical Medicine, 
London, UK 


Engineers’ action 
SiR,--In your Editorial of October l4 
on the Institution of Chemical 
Engineers’ report on Materials and 
Energy Resources you take that body 
to task for attempting “both to stimu- 
late reasoned discussion on crucial 
resource problems” and trying “to get 
something done about them.” But the 
professional engineer’s job is precisely 
“to get things done”, not simply to 
establish the truth; and planning ahead 
is part of his work. So, when a body 
of engineers, having closely surveyed a 
field in which they have specialised 
knowledge and competence, foresee a 
dangerous situation developing, it is 
their duty not merely to point this 
out but to make recommendations for 
action—in this case by the govern- 
ment. And if not they—who else? 
You suggest, too, that in such long- 
term matters “the Working Party 
might have done better to look more 
closely for international solutions” 
But practically-minded engineers are 
more humbly concerned with what can 
be done here and now, when 


even 





Competition 10 


Very Many Hairy Little Pigs Live In 


The Torrid Argentine valine, meth- 
ionine, histidine, leucine, proline, 
lysine, isoleucine, threonine, — tryp- 


their sights are on the future; and their 
chances of influencing government 
thinking, upon which you set such a 
low value, are at least a great deal 
higher than the likelihood of setting 
the world to rights. 


P.M. C. Lacey 
University of Exeter, 
Exeter, UK 
Whale resources 
Sir,—Dr Robert May (Sept. 9, page 


91) gave an interesting commentary 
on the problems of managing whale 
resources vis-a-vis other items jn the 
the relative values of the discount rate 
and the potential rate of increase of 
the resource is stressed. In this com- 
parison the discount rate can be 
defined as 6 where the present value 
of a whale caught in x years time is 
e°* times the value of a whale caught 
today. May implies that 6 is approxi- 
mately equal to ‘a’, the interest to be 
expected from a deposit in a bank 
(10-20% 

In an age of inflation, and changing 
values of products from limited natural 
resources vis-a-vis other items in the 
economy, this may be misleading. The 
value in pounds of a whale at the time 
it is caught in x vears time can be 
expressed as e™®X times the present 
value, where b is the general inflation 
rate and c the rate at which the net 
value of products from a whale has 
changed differentially relative to aver- 
age values of all commodities. b is 
positive and c may also be if prices for 
meat and other products from whales 
increase faster, and/or the price of fuel 
and other resources used in catching 
whales increase slower than prices in 
general, 

The value of the discount rate to be 
used in determining the economic 
attractiveness (net present value) of a 


tophan, arginine (the amino acids 
essential to the rat). £10 for the best 
mnemonic in any field: entries by 
December 1 please. 


Competition 9 asked for new words to 
describe some existing or future scien- 
tific concept or phenomenon. Entries 
galore: the winner, D. R. Reed of The 
Hague, The Netherlands, submitted six 
definitions. four of which we thought 
particularly successful: cannabelism— 
extreme form of competitive behaviour 
for scientific awards: fornacation—-im- 
plantation of genetic (RNA based) 


information in human ova; 
tion—~means of obtaining the product 
of two numbers without the use of 
remote 
phagy—-simultaneous solution of world 
population 
problems. 


of Epsom, Surrey, 
new elementary particles, in search of 
a name’ 
the 
“yifrogen-—an 
substance 
preparation”. 


whale caught later rather than now is 
given by 6 =a —b—c, which miay not 
greatly exceed and may even be less 
than the rate of increase of whale 
stocks of around 5% annually. That is, 
to the extent that 6 is less than a, the 
economic self-interests of a well- 
informed sole owner of a whale 
resource will conflict Jess seriously 
with conservation policies than implied 
by May. 

The more important reasons for poor 
whale management have been the lack 
of an owner and poor information. 
While whales are common property, 
the individual whaling enterprise (com- 
pany or even country) can ascribe little 
value to a whale in the future since 
there is no guarantee that it will be 
able to harvest that whale or its off- 
spring. Also in the absence of well- 
funded research, whaling interests have 
been poorly informed of the longer 
term implications of management pro- 
posals. In the resulting fog of un- 
certainty about the future, their 
interests have naturally focused on the 
present and more clearly visible events. 
Both these effects have resulted in 
undue emphasis being given to main- 
taining current catches at a high level. 

On another point, it seems unlikely, 
given the low (less than 10% per 
annum) rates of mortality and repro- 
duction of whales that the unexpected 
changes in catch rates of fin whales 
mentioned by May is really indicative 
of population instability. It seems much 
more likely that with the small number 
of whaling expeditions now operating, 
the catch per unit effort is a poor and 
highly variable estimator of the 
abundance of whales in any panna 
area in a single season. 

J. A. GULLAND 
Department of Fisheries, 
FAO, Rome 
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Destruction of stratospheric ozone? 


from Michael A. A. Clyne 


STRATOSPHERIC Ozone will eventually be 
depleted significantly if releases of 
chlorofluoromethanes (CFM) continue 
at the present rates. Legislation is not 
necessary now, but if after no more 
than’ two years, existing evidence still 
supports significant ozone depletion, 
action to restrict manufacture should 
be taken by governments. These are 
among the main recommendations of 
the Committee on Impacts of Strato- 
spheric Change, (Halocarbons: Environ- 
mental effects of chlorofluoromethane 
release, National Academy of Sciences, 
Washington DC, 1976) set up by the 
US National Academy of Sciences. 

In 1974 I reviewed Molina and Row- 
land’s article (Nature, 249, 810) in the 
same issue of Nature, on the effect of 
chlorofluoromethanes on stratospheric 
ozone. Then, neither I nor most other 
scientists, believed that the hypothesis 
presented by Molina and Rowland, and 
independently by Stolarski and Cicerone 
(Canad. J. Chem., $2, 1610; 1974) 
would in fact develop into one of the 
most important recent issues in environ- 
mental pollution. Briefly, this theory, 
which has now largely been supported 
by an authoritative report of the US 
National Academy of Sciences (Halo- 
carbons: Effects on stratospheric ozone, 
Panel on Atmospheric Chemistry, 
National Academy of Sciences, Wash- 
ington. DC, 1976), is as follows. CFM 
11 (CECHY. and. 12:(CF.CL), which con- 
tain chlorine, fluorine and carbon only. 
are produced. in large amounts in all 
developed countries of the world. Ap- 
proximately half of the total output is 
used as propellants in aerosol cans for 


personal consumer uses (such as hair- 


sprays and deodorants). Because of the 


stability that makes these compounds 
suitable for aerosol cans and for other 
uses, CFM 11 and 12 are very inert 
and no known major sinks for these 
compounds have yet been identified in 
the lower atmosphere (troposphere). 
Hence a large fraction of all past pro- 
duction of CFM 11 and 12, whether 
used for aerosols, car air conditioners 
or refrigerators is stil present in the 
troposphere and indeed, these com- 
pounds will continue to accumulate 
there. Diffusion to higher altitudes 
occurs (Fig. 1), up to the stratosphere 
where most of the Earth’s ozone (Q;) 
shield is located. The CFM can be 
photochemically dissociated there by 
far ultraviolet light at wavelengths 
around 190 nm. This light is not com- 
pletely removed at stratospheric alti- 
tudes by the ozone and oxygen that 
normally filters out ultraviolet light, at 
wavelengths less than 300nm, from 
reaching the Earth's surface. Photo- 
chemical action releases chlorine atoms 
from the CFM: and chlorine atoms 
react rapidly with ozone. giving chlor- 
ime monoxide (CIO) free radicals: 
Ci+ 0O; -> ClO+0:.. (1), The reaction 
(1) is then followed at once by the 
rapid reaction (2) of ClO with the large 
quantities of the free oxygen atoms 
present at stratospheric altitudes be- 
tween 25 and 50 km: CIO -+ 0O - CI+0. 
(2). Chlorine atoms are thus recycled, 
and are able to consume more ozone: 
this sequence is termed a chain re- 
action, Finally. the cycle is terminated 
hv removal of chlorine atoms in their 





Fig. 1 The atmospheric ClOx cycle. 








reaction with methane 
CLACH: - HCE + CHs (3) 


Most of the HCI formed in reaction 
(3) is not recycled back to active 
chlorine. Although many other re 
actions are involved, some of which are 
mentioned below, the overall effect of 
CFM is thus clearly to deplete strato- 
spheric ozone. The NAS» reports con- 
clude that this description of the prob- 
lem, essentially as advanced by Molina 


and Rowland, cannot be seriously 
questioned, although there are new 


factors that probably somewhat dim- 
inish the effect on ozone depletion that 
they calculated. 

There is no justification for the total 
rejection of an effect of CPM on ozone 
depletion, which had been maintained 
earlier by a few scientists, In them re- 
port, the NAS Committee state that 
“Selective regulation of CPM uses and 
releases is almost certain to be neces- 
sary at some time and to some degree 
of completeness”, In reaching their 
conclusions, the NAS were guided by 
a panel of distinguished experts includ- 
ing one Briton, Brian Thrush, and one | 
German, Dieter Ehhalt. The report is 
an impressive document, containing A 
large amount of carefully sifted ime 
formation that will be invaluable fo 
future workers in atmospheric sciences. 
The approach is low-key, thoughtful” 
and critical. The evidence accumulated 
by the panel is a formidable case m 
favour of an effect of halocarbons on 
stratospheric ozone. However, it is coneco ` 
sidered that the risks of a delay of not 
more than two years in restricting 
CFM releases are low, Although most ~ 
scientists will probably agree with these. 
views, some will doubtless point tot 
admitted wide margin of error in the 
estimate of a 7% eventual ozone de. 
pletion, with CFM H and 12 releases — 
at the 1973 level. (According to the. 
Panel, the limits of 2 to 20° ozone 
depletion have a 95% confidence level). 

Some will say that the risk is slight, > 
and that in any case industry is already 
reducing productibn of CFM 11 and 
12, and is actively seeking substitutes 
that will have a shorter tropos 
life, and hence be less harmful) Tt re 
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mains to be seen whether the’ search 
for acceptable substitutes for CFM 11 
and 12 is sucessful: this is not likely 
to be an easy problem. CFM 22 
(CHFE-CD, among others, has promise 
as a substitute for CFM 11 and 12 in 
spray cans. 

Other people will maintain that the 
risk is unacceptable, and that legisla- 
tion is needed now rather than (pos- 
sibly) in two years time. They will point 
to the possibility that delay might lead 
to politicians and governments losing 
sight of a problem which is effectively 
postponed for two years, a time scale 
comparable to intervals between elec- 
tions. However, it should be noted that 
as well as studies by US government 
authorities, both the EEC and the West 
German government are initiating sub- 
stantial investigations into the CFM- 
ozone problem. 

The British government published 
their report on chlorofluoromethanes 
and their effect on stratospheric ozone 
earlier in the summer. This report was 
prepared by the Department of the 
Environment (DOE) with considerable 
assistance and guidance from AERE, 
Harwell, Their conclusions are broadly 
in line with those of the NAS report, 
although they do not recommend any 
specific regulatory action by govern- 
ments. The DOE report is a useful 
summary of results: although clearly 
the resources that are evident in the 
NAS report were not available to the 
DOE compilers. The referencing of the 
DOE report is rather random and non- 
specific, and some literature citations 
are an encouragement to whimsical 
day-dreaming! For instance: ICI (1976). 
Imperial Chemical Industries. private 
communication. Dubreuilh W. (1896), 
des hypér-keratoses circonscrites; Ann. 
Dermatol. Syphilig. 3rd Series, 7, 1158- 
1204: quoted by Blum (1956). 

In order to predict the effects of 
CFM on stratospheric ozone, a wide 
variety of data are required. The scope 
and uncertainties of these data varies 
enormously, Some of the basic types 
of information needed are (1) direct 
measurements of CI atom, CIO radical, 
and other concentrations in the strato- 
sphere: (2) the reaction rates of kev 
elementary chemical reactions, as de- 
termined in the laboratory, and appli- 
cable to stratospheric temperature 
(=~ 220 K): (3) knowledge of the trans- 
port of air masses from the troposphere 
to the stratosphere. The first type of 
data (1). is perhaps the most important, 
because direct measurement of con- 
centrations is the final check that the 
correct information under categories 
(2) and (3) is being used. Unfortunately, 
data of type (1) are by far the most 


difficult to obtain and are extremely 


sparse. The only results (so far) are 
in situ measurements of Cl and CIO 
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How rigid the nucleotide? 


from a Correspondent 


CRYSTALLOGRAPHERS have become 
used to seeing every structural idio- 
syncrasy they unearth in the crystal 
structure analysis of molecules of 
biological interest become a peg upon 
which the edifice of some molecular 
biological theory is hung. This has 
been particularly true for the study 
of the nucleotide and amino acid 
monomers from which nucleic acids 
and proteins are constructed. Begin- 
ning with the use of the covalent bond 
lengths and angles observed in mono- 
mers in the design of molecular 
models of these biological polymers, 
the results of crystal structure deter- 
minations have been extended to 
provide constraints which might pro- 
perly be assumed for hydrogen bond 
geometry, for the conformations 
which can be expected to be pre- 
ferred about various single bonds and, 
for the patterns of arrangement of 
water molecules and ions around 
biological polymers. This fertile field 
has been exploited with ever increas- 
ing confidence and perhaps nowhere 
more than in the analysis of the rela- 
tionship between the properties and 
structure of nucleic acids. An im- 
portant development in this work has 
been the rigid nucleotide concept 


in the stratosphere from two balloon 
flights carried out by J. G. Anderson 
(University of Michigan) in summer 
1976 at Palestine, Texas. Both con- 
centrations of Cl and ClO were deter- 
mined by CI atom atomic resonance 
fluorescence, which has been success- 
fully used also for O atom and OH 


radical measurements in the strato- 
sphere, by Anderson (Geophys. Res. 
Lett., 2, 231: 1975: Geophys. Res. 


Lett., 3, 165: 1976). CIO radicals were 
reacted with nitric oxide to give CI 
atoms. which were detected bv atomic 
resonance fluorescence. The technique 
was adapted from flow methods for 
laboratory measurements of CI atoms 
and CIO radicals that were developed 
recently (see Bemand and Clyne, J. 
Chem. Soc. Faraday 11, 71, 1132: 1975). 
Anderson’s first Cl and CIO experi- 
ments have not so far led to satisfactory 
results. although the prospects for the 
atomic resonance and other methods 
look promising. 

Additional direct verification is in 
principle obtainable from measure- 
ments of ultraviolet light intensitv at 
ground level. Whilst such measure- 
ments have been made for a number 
of vears, the natural variation of ultra- 
violet levels at the ground is large. The 
effects of CFM would probably only 
become observable in this way when 


which suggests that mononucleotides 
have a rather rigid conformation 
which is conserved when they are 
joined together to form a polymer. 
X-ray diffraction studies of nucleo- 
tides, nucleosides and crystalline poly- 
nucleotides have provided a great. 
deal of evidence for this although a 
number of recent X-ray single crystal 
studies of nucleotides have suggested 
that the situation may well be rather 
more complicated than was at first 
thought. The need for caution in 
applying the rigid nucleotide concept 
too insensitively is further emphasised 
by Evans and Sarma in a recent issue 
of Nature (263, 567: 1976). From 
NMR studies they suggest that ade- 
nine-containing nucleotides and the 
oligomers derived from them are no 
more rigid than the nucleoside adeno- 
sine itself. These studies are of course 
of particular interest because they 
relate to the situation in solution. An 
important application of the results 
of this work which is considered by 
the authors les in the analysis of the 
structure of yeast phenyl alanine 
tRNA determined by X-ray single 
crystal studies and in particular the 
correlation of nucleotide conform- 
ation and base-stacking., 


the ultraviolet level was already in- 
creased by a significant, probably un- 
acceptable amount, 

Data of type (2), the rates of chemi- 
cal reactions, are considered carefully 
in the NAS panel report. One basic 
difficulty was to identify correctly the 
major reactions, of which there are a 
large number. The recently-proposed 
role of chlorine nitrate, CIONO., has 
necessitated the introduction of several 
new reactions. The elementary reaction 
rates of chlorine nitrate are not, how- 
ever, all well-defined. Fortunately. the 
model for ozone depletion is not verv 
sensitive to these rates. and some con- 
fidence may be attached to the NAS 
panel’s conclusion that the ozone de- 
pletion is reduced hv a factor of about 
1.7 by inclusion of chlorine nitrate in 
the model. 

The NAS panel conclude that the 
largest uncertainty in the ozone deple- 
tion model is due to uncertainties in 
the relevant chemical reaction rate 
constants. They carefully identify the 
reactions introducing the greatest un- 
certainty as 


OH+ HO,--H:O0+ 0: 
followed by 
OH+HCI — H-O+CI. 


These reactions are involved in the 
sink processes by which active chlorine 
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(Ci and CIO) is removed from the ClO, 
cycle. Surprisingly, the two reactions 
of the CIO, cycle, that is CI+ O; > ClO 
+O; and O+CIO-CI+0O., do not 
introduce large errors, because their 
rates have been carefully measured in 
the laboratory. The first measurements 
of CI+0O; and O+CIO rates by 
Bemand, Clyne and Watson at Queen 
Mary College in 1973 (see J. Chem. 
Soc., Faraday 1, 69, 1356; 1973; Clyne 
and Watson, J. Chem. Soc. Faraday I, 
70, 2250; 1974) have been only slightly 
altered as a result of subsequent work 
in the USA and in this laboratory. 
Significant uncertainty (+ a factor 
of 1.7) in the prediction of ozone depie- 
tion is also introduced by the one- 
dimensional model used by the NAS 
panel to approximate the distribution 
and transport of the chemical species 
involved. This model is equivalent to 
averaging the concentrations, motions 
and chemical reactions over latitude 
and longitude, leaving. only their depen- 
dences upon altitude and time. This 
approximation is considered to be a 


THE 


cycles of development have 


accumulated from such 


applicable 


continuous cultivation of human 
|: malaria parasites which cannot be 
{ maintained in standard laboratory 


animals. For some time now there have 
rumours of the successful cultiva- 
tion of Plasmodium falciparum in the 
United States and now two independent 
reports have: appeared, giving the long- 
awaited experimental details (Trager 
“ f and Jensen, Science, 193, 673: 1976: 
and Haynes et al., page 767 in this issue 
of Nature). There can now be no doubt 
that the continuous cultivation of P. 
falciparum can be achieved in simple 
media and that it should shortly be 
possible to obtain the vields of para- 
sites necessary for the production of 


been Tu 





experimental vaccines, 


Both media are remarkably simple. 
Trager and Jensen use a modification 
of an earlier medium (RPMI 1640 with 

the 
from 
monkeys (Moore et al, J. Am. med. 
1967) but substitute 
human serum for the monkey serum 
originally used. In essence. the medium 


| HEPES buffer and serum) for 
| cultivation of P.  coatnevyi 


Ass., 199, 519: 


in vitro cultivation of malaria 
parasites has been possible for many 
years but only one or a few successive 
been 
achieved and these successes have been 
mainly with the malaria parasites of 
monkeys. The amount of physiological 
and biochemical knowledge that has 
studies has 
been vast and it cannot be disputed 
that much of it is directly or indirectly 
to chemotherapeutic and 
immunological studies aimed at the 
control of malaria. What is desperately 
required, however, is the long term 


good one. For instance, the equivalents 
of averaged gas transport rates appear 
in the model as the vertical eddy mix- 
ing or transport coefficient, which 
depends only on the altitude. 

One further very important question 
concerns the effects of an increased 
ultraviolet intensity (UV-B, 280 to 
320 nm) at ground level on animals 
and plants. The biological effects of 
UV-B are not as extensively dealt with 
by the NAS reports as are other aspects. 
This may be due to the relative lack 
of knowledge in this area. It is clearly 
to be identified as a priority area for 
future work on the CFM-ozone prob- 
lem, However, in general terms, the 
deleterious effects of UV-B radiation 
on living cells are well known. For 
example, there is a clear causal con- 
nection between the more common (but 
less serious) forms of skin cancer (basa! 
and squamous cell carcinomas) and 
UV-B exposure. The connection be- 
tween the less common, but often fatal 
malignant melanoma and UV-B, is sug- 
gestive but not certain, according to 


Cultivation of 
human malaria 


from F. E. G. Cox 


flows over a shallow bed of red blood 
cells which are disturbed as little as 
possible in an atmosphere of low O.: and 
high CO:. The technical details are still 
being modified and Trager and Jensen 
began by using 7% CO, and 5%, O: but 
changed this to 1% O; in later experi- 
ments with better results. The tech- 
nique of Haynes ef al. is more 
traditional, involving a supplemented 
medium 199 with 1% foetal bovine 
serum in an atmosphere of 3%, CO.. 
No doubt many other ways will be 
found to grow P. falciparum, and 
Trager and Jensen report success using 
their medium in a candle jar (a con- 
tainer in which a candle has burned 
and extinguished). 

The most important features of the 
cultivation techniques described seem 
to be the high levels of CO. and the fact 
that the number of red cells infected 
rarely rises above 1%, thus preventing 
the culture medium from becoming too 
acidic as a result of the metabolic 
activities of the parasites, which is a 
problem inherent in this kind of ex- 
periment. Although the multiplication 
of parasites recorded is low (a four- 
fold increase per cycle is assumed by 
Trager and Jensen) the numbers of 
parasites available for collection can be 
considerable if parallel cultures are set 
up and initiated from diluted cultures 
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the NAS report. 

Release of pollutants other than 
CEM, which can also affect ozone 
levels, is another topic requiring exten- 
sive future work. Among halogen com- 
pounds, further work on methyl 
chloride formed by the burning of 
vegetation, is indicated. Also, Crutzen 
has suggested that methyl chloroform 
(CHCCh), whose manufacture as a 
degreasing agent is considerable and 
possibly increasing, may eventually 
cause ozone depletion comparable to 
that of CFM 11 and 12. Bromine com- 
pounds, released for example as methy! 
bromide in soil fumigants, are prob- 
ably not produced in large enough 
quantities to have major effects. How- 
ever, Br atoms and BrO enter into a 
similar, but more effective cycle to that 
of Cl and CIO. 


Br+O.->BrO+0:, O+ BrO-> Br +O» 


The rate constants for the bromine 
reactions are not particularly well 
known. Nitrous oxide, apparently re- 


at the end of each cycle. Haynes ef al. 
obtained eleven successive cultures and 
Trager and Jensen more than twenty- 
five (and Trager has since reported 
continuous cultivation over 105 d, im- 
plying fifty or more cycles) so there is | 
no reason why such cultures should not | 
be maintained indefinitely. : 
The technique described by Trager | 
and Jensen looks more promising than | 
that of Haynes et al, but the latter | 
authors have made a major advance by 
showing that their cultures can be 
initiated from frozen blood samples. It 
should therefore be possible fo initiate 
a culture and to freeze stabilates from 
that culture for the initiation of others. | 
This would save the Hives of countless 
owl monkeys (dotus trivirgatus), which | 
at the moment are the only sources of | 
laboratory maintained P. falciparum, } 
and also standardise 
carried out in different laboratories. 
The implications of these expers 


ments are considerable, for as well as | 


the biochemical and physiological | 
observations which are now made | 


feasible it should be possible to grow 
the numbers of merozoites (the stages | 
that pass from one cell to another) | 
needed for producing vaccines. The |- 
only homologous vaccine with real] 


potential, in monkeys at least, is that {o 


based on merozoites (Mitchell, Butcher | 
and Cohen. Immunology, 29, 397: 1975} 
and the production of a suitable | 
vaccine free from’ viruses is only l 
possible from cultured parasites. With | 

96 million cases of malaria each vear f- 
and with P. falciparum being the major | 
killer the production and evaluation of | 
such a vaccine sffould not be delayed. | 





experiments T E 





726 


leased by bacterial action on nitro- 
genous chemical fertilisers, is fairly 
stable in the troposphere. The possi- 
bility of this compound affecting strato- 
spheric ozone levels should certainly be 
studied. 

All in all, the ozone layer is fragile, 
and wide-ranging long-term studies of 
possible effects of pollutants not yet 
identified are essential. This should in- 


clude the acquisition of more infor- 
mation on ozone reaction rates. 


Exclusive concentration on CFM 1] 
and 12 effects is unwise, since if is quite 
possible that other deleterious com- 
pounds may be present now, or at some 
future time, due to shifts in industrial 
production. 

CFM on the ozone laver and the con- 
sequential increase in UV-B radiation 
at the Earth’s surface, It should also 
be noted that other climatic changes 
due to CFM cannot be excluded. For 
instance, Ramanathan (Science, 1990, 
SO: 1975) has stated that CFM TI and 
12 are sufficiently effective absorbers of 
infrared radiation (near 10 wm) to have 
a potentially significant effect on the 
Earth’s heat balance. 

The role of British science in the 
CFM-ozone problem is an important 
one. Much of the basic work leading 
fo the original theories of Stolarski and 
Cicerone and Molina and Rowland, 
was carried out in the UK. Lovelock 
developed a sensitive electron-capture 
gas chromatograph, with which he was 
able to demonstrate the presence of 
various halocarbons arising from man’s 
activities, and to obtain measurements 
of CFM 11 and 12 at various locations. 
The programme of work (COMESA) 
sponsored by the Department of Trade. 
and carried out partly in university 
laboratories and partly by the Meteoro- 
logical Office on possible effects (slight) 
of Concorde on the stratosphere also 


provideed valuable input data for the 
CFM-ozone problem. Current initia- 
tives in the CFM-ozone problem are 
being taken by industry; research on 
both CFM 11 and 12 effects, and on 
substitute CRMs is being carried out. 
Basic science relevant to stratospheric 
ozone is being supported by the Science 
Research Council, and recently the 
Natural Environment Research Council 
has announced its intention to concen- 
trate more resources on atmospheric 


science. The financially small but 
scientifically significant support over 


many years in this area by the Royal 
Society through its Gassiot committee 
has also been very valuable. 

With this expertise available, it is 
sad therefore that there is no sign at 
present that the British government is 
planning any major programme of pn- 
vestigation in stratospheric science re- 
lated to the CFMs and ozone, although 
it does contribute through the EEC 
organisations to the European effort. 
No more than £100,000 would pro- 
bably be allocated to such a new 
investigation, if mounted eventually by 
the Department of the Environment. 
Although the restraints of the present 
economic situation have to be acknow- 
ledged, it is a pity. nevertheless that it 
was not possible to use the experience 
gained in the COMESA research as 
the basis of an ongoing and centrally- 
planned programme of work on atmos- 
pheric pollution. 

There is a message from all this for 
those who ask for more “relevant” 
research programmes, related to cur- 
rent needs of society. Without the un- 
directed. basic research programmes 
which were carried out, the chances 
are that the risks to ozone from CFMs 
would not have been identified until 
much later, if at all. Identifying the 
problem is a large part of finding the 
solution. B 


Nuts and bolts of genetic engineering 


by Eleanor Lawrence 


Society's 9th 
entitled the 
DNA in 


The Biochemical 
Harden Conference, 
Role of Recombinant 


Molecular Biology, was held at Wye 
College on September 20-24, 1976. 


In the present state of the art, a meet- 
ing on in vitro recombinant DNA 
must of necessity concern itself more 
with means than ends. This is partly a 
result of the need to develop and refine 
a range of completefy new techniques; 
but it is also a consequence of the 
almost unique situation in which the 
novel technology has been applied less 





than whole-heartedly, as a result of the 
voluntary postponement of some ex- 
periments until experimental conditions 
minimising the hypothetical safety risks 
of this work had been agreed. 

But now that experimental guidelines 
have been published in the United 
States and Britain, workers are prepar- 
ing to clone genes from everything 
from maize to man. A foretaste of 
the power of these new techniques to 
investigate otherwise unapproachable 
problems of the organisation of the 
eukaryotic genome was given at the 
meeting. 

The ability to obtain specific gene 
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sequences in pure form, by cloning in 
a bacterial host, has opened up the pos- 
sibility of studying the sequences flank- 
ing the gene which may be important 
in regulation, and which cannot be 
obtained sufficiently pure for sequence 
studies by any other means. The sea 
urchin (Psammechinus) histone gene 
repeat unit has-been cloned in phage 
lambda and some 25% of the nucleo- 
tide sequence determined by a group 
at the University of Zurich (Walter 
Schaffner). 

The mammalian globin genes are also 
under determined attack in several 
laboratories. Charles Weissman (Univer- 
sity of Zurich) and Richard A. Flavell 
(University of Amsterdam) reported 
the partial purification of the + and — 
strands respectively of rabbit globin 
DNA. Weissman and colleagues have 
isolated the + strand by hybridisation 
to immobilised globin cDNA; the — 
strand has been isolated by hybridisa- 
tion with mercurated MRNA, The final 
purification step will be to hybridise 
the two strands, since only comple- 
mentary sequences should anneal. This 
reconstituted DNA inserted into a 
plasmid should provide a source of the 
complete globin gene sequence includ- 
ing the flanking  non-transcribed 
regions, 

Still looking to the future, Bob 
Williamson (St Marys Hospital 
Medical School, London) described a 
possible use for cloned giobin gene 
Sequences as chain-specific probes for 
the study of certain inherited defects 
such as the thalassaemias. 

Recombinant DNA is also a power- 
ful new tool for probing the immuno- 
globulin genes. As the first step to trac- 
ing changes in the Ig-gene coding 
sequences predicted by the theory of 
somatic mutation, Bernard Mach and 
colleagues (University of Geneva) have 
constructed plasmids carrying cDNA 
copies of a mouse myeloma light chain 
mRNA. The Geneva group has 
obtained plasmids containing constant 
and variable region sequences both 
separately and together. Hybridisation 
studies have shown that the untrans- 
lated region in kappa ght chain mes- 
senger from different sources is highly 
conserved. 

However, these experiments exem- 
plify some of the conjectural risks 
which have caused concern about this 
type of work, The mRNA was not pure 
and indeed 40%, of the initial recom- 
binants contained unknown sequences. 
More worrying still is that myeloma 
cells are known to express C-type RNA 
viruses and that the plasmid carried a 
drug-resistance marker containing an 
IS sequence. 

This problem is avoided in work 
from the Laboratory of Molecular 
Biology in Cambridge reported by 
Terry Rabbitts. Light chain mRNA 
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from myeloma cells can be reverse 
transcribed into cDNA by starting 
with a hexanucleotide primer T2G3T 
that has been shown to prime only at 
a site just within the 3’ end of the C 
region. In this way pure fragments 
containing the immunoglobulin V and 
C coding sequences only can be made, 
without the need for constructing plas- 
mids by way of impure MRNA. A 
comparison of the reverse transcriptase 
“stutter” pattern of mRNA from a 
mouse T-cell lymphoma has produced 
evidence that in these T cells the 
immunoglobulin genes are at least 
transcribed. 

The most elegant exploitation of the 
recombinant DNA technology was in 
work by David Hogness’s group (Stan- 
ford University) on the organisation of 
the Drosophila chromosome. Taking 
advantage of the relatively small size 
of the Drosophila genome and the 
availability of polytene chromosomes, 
they have constructed plasmids con- 
taining different Drosophila gene 
sequences which have been mapped on 
the chromosomes. Hogness described 
analyses of the histone genes, the genes 
induced by ‘heat shock’, and of a 
sequence coding for an abundant 
mRNA. It is particularly intriguing 
that this mRNA sequence is found by 
in situ hybridisation to be located at 
33 sites dispersed throughout the 
genome. What the dispersed gene 
sequence means in terms of evolution 
and control is still a matter for dispute. 
Hogness tends to the view that each 
individual sequence will be expressed 
in a different cell type, which would 
explain the maintenance of 33 separ- 
ate sequences coding for the same 
product. 

For those who wish to study the 
functional expression of eukaryotic 
genes, cloning in plasmids or phage 
has one overwhelming disadvantage. So 
far there are only a few reports that 
eukaryotic genes can be expressed in 
bacteria. Also, there will eventually be 
a need to put characterised, specfically 
mutated genes back into eukaryotic 
cells to study their expression. This 
might be done using animal tumour 
viruses that can integrate into mam- 
malian cell chromosomes. 

The potential of SV40 as an ‘eu- 
karyotic vector’ is at present being 
explored and Paul Berg (Stanford Uni- 
versity) described the construction of 
an SV40 vector in which the late genes 
have been deleted, and its use to clone 
fragments of lambda DNA in monkey 
cells. Additional vectors are under con- 
struction in which the early region has 
been deleted; these may more readily 
allow transcription of the inserted 
DNA. All these SV40 vectors are 
dependent on a temperature-sensitive 
helper virus for growth. 

In this system there is however an 


ultimate constraint on the size of the 
inserted DNA because of packaging 
into SV40 protein coats of defined size. 
This problem may be overcome in a 
system that Joe Sambrook (Cold Spring 
Harbor Laboratory) is developing. He 
has found that human cells trans- 
formed by SV40 virus or DNA contain 
a large number of free SV40 DNA 
molecules. Transformation rather than 
plaque formation could be used as the 
selective marker for recombinants, and 
since no helper virus is needed and no 
infectious virus is released less rigor- 
ous containment conditions are 
required. 

A system in which cloned eukaryotic 
DNA might be transcribed and trans- 
lated was described by Janet Mertz 
(Laboratory of Molecular Biology, 
Cambridge). Both prokaryotic and 
eukaryotic DNA injected into the 
nucleus of Xenopus oocytes appear to 
be reconstituted into chromatin and 
transcribed but whether the transcripts 
are sensible or are translated is still 
problematical. One use for this system 
would be in identifying eukaryotic 
promoters by fragmenting well-charac- 
terised genes and then determining 
which pieces are transcribed. 

So far most attention has been 
focused on the use of restriction 
enzymes for mapping gene sequences 
and producing recombinant DNAs. 
But there is another side to the story 
as pointed out by Adrian Bird (MRC 
Mammalian Genome Unit, Edinburgh) 
who has been studying the natura! 
methylation of some restriction targets, 
in the ribosomal DNA of Xenopus 
laevis, which renders them resistant to 
attack. By analysis with a set of re- 
striction enzymes he has shown that the 
probability of methylation at each 
suitable site is high (0.99) but that there 
is a unique site within the rDNA re- 
peating unit that remains unmethy- 
lated in up to half of repeats. He has 
also shown that the pattern of methy- 
lation is copied onto newly synthesised 
DNA in vivo and so is inherited by a 
daughter somatic cell from its parent. 

The prospect of using eukaryotic 
genes cloned in bacterial cells to make 
large amounts of valuable gene pro- 
ducts is still very much in the future. 
But Noreen Murray (University of 
Edinburgh) described ways of harnes- 
sing the enormously efficient lambda 
leftward promoter to provide enhanced 
expression of inserted bacterial genes, 
a technique which could be applied to 
produce large amounts of many useful 
phage and bacterial enzymes. 

Although the issue of containment 
levels and possible safety risks hardly 
surfaced officially, safer experimental 
procedures were much on everyone’s 
mind. Paul Berg expressed concern 
that antibiotic resistance was still so 
widely used as a selective marker since 
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it could contribute to the persistence 
of any escaped vector, not only in the 
human intestinal tract but in the 
general environment (Sydney Brenner 
has been quoted as remarking that the 
world is a dilute solution of tetra 
cycline). The proliferation of different 
vectors for cloning recombinant DNA 
also led Berg to propose a register 
clearly setting out their desirable and 
undesirable features (such as the pos- 
session of insertion sequences). Berg 
said that he would collate a list, from 
names and addresses sent to him, of 
people working with vectors. This 
would be published in Nucleic Acid 
Recombinant Scientific Memoranda, 
produced by and available from the 
National Institutes of Health. (J 


Actins plural 


from Dennis Bray 


The impersonal air that is usual in a 
comment like this wears thin when its 
author is forced to eat his words. For 
it was indeed I who solemnly predicted, 
three years ago, that the actin present 
in different kinds of cells was one and 
the same gene product (Bray, Cold 
Spring Harbor Symp. quant. Biol, 37, 
567; 1973): and in this I could not have 
been more wrong. Hardly were the 
words out of my mouth when new 
forms of actin began to spring up like 
mushrooms. So well they grew, and in 
such numbers, that little remains now 
but to turn to Philosophy and learn the 
value of the refutation of a cherished 
hypothesis. (Popper, The Logic of 
Scientific Discovery, Hutchinson, 1959). 

It has always been clear that the 
actin and myosin of non-muscle cells 
must behave in a different fashion to 
that of muscle: the exigencies of 
motility and cell division ensure that. 
But evidence for differences in amino- 
acid sequence, rather than in the 
modifying influence of ancillary. coni 
ponents, is harder to come by. Some 
early hints exist in the literature, such 
as that in Fig. 12 of a paper on the 
actomyosin from brain (Berl and 
Puszkin, Biochemistry, 9, 2058; 1970). 
This shows that brain actin and muscle 
actin run differently on urea-acrylamide 
gels and seems to have been overlooked 
in recent papers that present the same 
fact (Storti and Rich, 1976, Proc. natn. 
Acad. Sci. U.S.A., T3, 2321; 1976; 
Storti, Coen and Rich, Cell, 8, 521; 
1976). But it was probably in the course 
of a thorough examination of platelet 
actin, that the first unambiguous dif- 
ferences—in the form of cyanogen 
bromide peptides—were found (Booyse, 
Hoveke, and Rafelson, J. biol, Chem., 
248, 4083; 1973). A later comparison of 
peptides from brain actin to those from 
muscle also showed = differences 
(Gruenstein and Rich, Biochem. 
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biophys. Res. Commun., 64, 472; 1975). 

At this point it was still possible, with 
difficulty, to believe in one actin. The 
cyanogen bromide evidence was clear, 
but perhaps there had been an incom- 
plete cleavage. Criticism of the work 
on brain actin was possible, since the 
data showed as much variation between 
different samples of muscle actin as 
between muscle and brain. But there 
was little point in chopping these actins 
down: no sooner the attempt than two 
stood where previously there had been 
but one! (Dukas, The Sorcerer's 
Apprentice, 1897. Evidence was ad- 
duced, first for platelets and then for 
other cells, that not only was their 
actin distinct, but it was multiple. The 
platelet actin that Booyse and his col- 
laborators studied was extracted as if 
it was muscle actin, and it obligingly 
behaved in this way. But this was only 
a small fraction of the total actin and 
when a different approach was tried, a 
protein with a quite different ability to 
polymerise was obtained. (Abramowitz, 
Stracher, and Detwiler, Arch. Biochem. 
Biophys., 167, 230; 1975). Moreover 
amoeba, fibroblasts and brain, also give 
small amounts of polymerisable actin, 
or large amounts of unpolymerisable 
actin, according to the extraction used. 
There is still a lurking question of 
whether a slight denaturation is in- 
volved, but on the face of it this 
is evidence for two actins. 

An even greater virtuosity is ap- 
parent in developing muscle which 
shows no less than three actins 
(Whalen, Butler-Browne, and Gros, 
Proc. natn. Acad. Sci. U.S.A. TA, 
2018: 1976). The evidence here is from 
gels lacking SDS—and it must be re- 
called that in some conditions even 
pure muscle actin wil spht into a 
number of bands (Pardee and Bam- 
burg, J. Neurochem., 26, 1093; 1963; 
Carsten and Mommaerts, Biochemistry, 
2, 28: 1963)}—but the changes that ac- 
company differentiation are convincing. 
Finally. lest there are any lingering 
doubts about the reality of the differ- 
ences considered, comes definitive evi- 
dence from the amino acid sequencers: 
slow, but exceedingly hard to demolish. 
With the complete sequence of muscle 
actin in hand, Elzinga and colleagues 
have now compared peptides from 
human heart and human platelet actin 
(Elzinga, Maron, and  Adelstein, 
Science, 191, 94: 1976). A diminutive 
difference exists—1 residue in 29 is 
changed, from a harmless valine to an 
innocuous threonine——but it is enough. 

From the wider biological standpoint 
these results add to other examples in 
which closely related proteins are used 
to perform similar, but distinct, func- 
tions. The evidente available for 
tubulin suggests that the various 
organelles in which this protein appears 
are based on different gene products; 


and a similar statement probably holds 
for myosin and tropomyosin. Un- 
doubtedly there are advantages in this: 
the process of gene duplication is 
familiar in haemoglobin, and provides 
a ready-made protein on which evolu- 
tion can go to work. But, if Cassandra 
is allowed one parting shot, in the 
matter of the disposition of these pro- 
teins within the cell many mysteries 
remain. It seems scarcely credible that 
such similar molecules could be moved 
within the same small space and yet not 
cross-react or finish in the wrong place. 


Southampton 
model fair 


from N. MacDonald 


A research conference on nonlinear 
mathematical modelling was held at 
Southampton University on Septem- 
ber 13-17, 1976. It was sponsored by 
the Social Science Research Council 


and organised by D. R. J. Chilling- 


worth, H. B. Griffiths and D. A. 
Rand of the mathematics depart- 
ment at Southampton. 





FRoM the viewpoint of a physicist 
working on non-linear modelling in 
biology, the most satisfying talks dealt 
with specific problems from the hard 
sciences, handled with mathematical 
sophistication. There has been much 
interest recently in the behaviour of 
travelling waves in solutions undergoing 
oscillatory chemical reactions, such as 
the Zhabotinskii reaction, both as ob- 
jects of study in themselves and as a 
possible paradigm for pattern forma- 
tion in organisms. N. Kopell (North- 
eastern University, Boston) described 
two elegant applications of bifurcation 
theory, to the outward propagation of 
chemical waves from a centre, and to 
the collision of two such waves. 

A considerably deeper physical 
problem was the subject of a fascinat- 
ing lecture by G. Jona-Lasinio (Univer- 
sity of Rome). He described recent 
work by the Russian mathematicians 
Bleher and Sinai on phase transitions 
(Commun. Math. Phys., 45, 247: 1976: 
see also a review by Jona-Lasinio in 
Nuovo Cimento, 26B, 99; 1976). These 
are difficult phenomena to model be- 
cause one has to build up from local 
assumptions about interactions between 
atoms to an essentially collective large 
scale switch in the behaviour of the 
material. Bleher and Sinai treat this 
scaling process as an iterative operation 
on the probability distribution. The 
asymptotic large scale forms of the 
probability distribution are obtained as 
the fixed points of a discrete dynamical 
system on a function space, and phase 
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transitions are related to the bifurca- 
tions of these fixed points. 

The bifurcation theory of discrete 
dynamical systems is a very popular 
subject at present. The great richness 
of the behaviour of solutions of even 
the simplest difference equations (dis- 
crete dynamical systems on the real 
numbers) was the subject of a recent 
review by R. M. May (Nature, 261, 
459: 1976). At this meeting J. Gucken- 
heimer (University of Santa Cruz) des- 
cribed the application of this kind of 
mathematics to a model of the popula- 
tion fluctuations in the famous blowfly 
experiment of Nicholson. 

Turning to the more qualitative sur- 
veys, B. Goodwin (University of 
Sussex) discussed morphogenesis, in 
particular recent results on the circum- 
ferential field in the development of 
the insect limb. He stressed the gap 
between the field concept, which is 
effective in coordinating data, and the 
underlying mechanisms, as well as that 
between the abstract dynamics sug- 
gested by catastrophe theory and the 
observable expression of form in the 
organism. Evidence that the conceptual 
difficulties involved in understanding 
complex biological systems are of a 
different order from the mathematical 
difficulties of current modelling tech- 
niques, came in the lecture by R. 
Rosen (Dalhousie University). 

Several of the lectures on the social 
sciences had some common themes. 
A. C. Renfrew (Southampton Univer- 
sity) dealt with attempts to set up a 
framework in which questions about 
the growth and decline of cultures can 
be handled by dynamical modelling 
techniques, analogous to those of the 
Forrester-Meadows group. K. L. Cooke 
(Pomona University, California) des- 
cribed the application of one such 
method to Renfrew’s description of the 
Aegean culture. A. G. Wilson (Univer- 
sity of Leeds) gave an account of the 
great variety of modelling techniques 
that have been applied to urban geo- 
graphy, and stressed the need to move 
on to a more integrated approach. 

P. J. Harrison (University of War- 
wick) discussed the problem of short 
term prediction in economic and social 
contexts. Here standard methods apply 
essentially to linear behaviour, while 
the need to handle non-linearity be- 
comes apparent especially when con- 
cerned with the need to keep options 
open for the possible reversal of an 
existing policy. 

Although the main aim of the meet- 
ing was to set up an interaction 
between pure mathematicians and 
modellers, it was evident that cross- 
disciplinary contacts between modellers 
were equally stimulating. These were 
mainly informal, although some struc- 
ture was given by a series of meetings 
in the archaeology department. Al 
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open-minded members of the confer- 
ence must have taken away, as well as 
their copies of Poston and Stewart's 
little red book, and the good resolution 
to think more geometrically, much 
benefit from the chance to talk with 
people from a remarkably wide range 
of disciplines. o 


Venus is another 
differentiated planet 


from G. Fielder 


Many scientists were surprised to find 
that the Moon was a differentiated 
planet. Now, in situ measurements of 
parts of the surface layers of Venus 
have indicated that the Earth’s “sister” 
planet is more like the Earth than the 
Moon in its radioactive element con- 
tent. Whereas measurements of the 
potassium, uranium, and thorium 
concentrations made in October 1975 
using Veneras 9 and 10 indicated the 
presence of basaltic type rocks, earlier 
results from Venera 8 (July 1972) had 
indicated the presence elsewhere of 
rocks similar in their radioactivity to 
that of a typical terrestrial granite. 
Writing with K. P. Florensku, A. T. 
Bazilevskii and A. S. Selivanoy in 
Doklady Akad. Nauk. SSSR (228, 570; 
1976) the late A. N. Vinogradov has 
reported studies of the photographic 
panoramas and other data transmitted 
from Veneras 9 and 10 by way of a 
relay satellite. Telecameras mounted 


I m above the surface took high Sun 
photographs, including the one recon- 
structed in Fig. 1, with a resolution of 
about 1/3 degree. So effective was the 


Fig. 1 Part of Venera 9 panorama. 
The rotation axis of the telecamera 
was inclined at ~40° to the vertical 
axis of the landing stage. The rocks 
shown here lie on, and form, a steep 


dense atmosphere of Venus in diffusing 
the weak light at ground level that high 
contrast versions of the photographs 
show “artificial shadows” which always 
point towards the appropriate camera. 

The upper right hand corner of Fig. 
I shows the skyline, estimated to be 
several tens of metres distant. The 
sharpness of the skyline indicates a 
fairly high atmospheric transparency 
and, consequently, a comparatively low 
dust content. If any wind had been 
blowing across the surface when the 
pictorial data were transmitted, the 
wind had not been dust laden. Never- 
theless, the authors have suggested that 
the clod-like nature of the dark soil 
filling the spaces between the numerous 
rock blocks may have resulted, in 
part, from the evacuation of fine par- 
ticles by a weak wind. An alternative 
explanation, they suggest, is that the 
clods were produced following hydra- 
tion of the particles. 

Typically, the rock blocks themselves 
have dimensions of some tens of centi- 
metres. Some are angular, others 
rounded. Many indicate that they have 
been detached from hard, layered bed- 
rock. Others, which appear to be mostly 
buried, could even be outcrops of bed- 
rock. A few rocks have cracks which 
cross the bedding plane. Others appear 
to be vesicular. 

Together with the knowledge from 
radio observations that the surface 
layers of Venus are underdense, the 


picture data establish that certain 
dynamic processes are in operation 
there now. If the corrosive agents 


hydrochloric acid and hydrofluoric acid 
observed in the upper atmosphere of 
Venus are present at ground level they 
could be an important factor in the 
rounding and disintegration of the 





slope (the on-board inclinometer 
reading was ~30°). Data auxiliary 
to the picture data were transmitted 
in vertical bands which have been 
removed. 
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rocks to generate the soil. Whatever the 
predominant mechanism of denudation 
on Venus, it is clear from the abund- 
ance of sharply sculptured rocks on the 
surface where Venera 9 landed that this 
is a geologically young area of the 
planet. 

The clouds of Venus, which prevent 
our viewing its surface directly, are 
found at up to 70km above the sur- 
face. Most meteoroids of the present 
day populations would probably dis- 
integrate in the thick, dense atmosphere 
(97% CO.) before reaching the surface 
so that recent disturbances of the rocks 
of Venus are likely to be of internal 
origin. Now that two panoramas of the 


surface of Venus have shown scenes 
not unlike those of terrestrial desert 
landscapes, the next step will be to 


discover the processes which moulded 


the landforms of Venus. a 


So Madagascar was 
to the north 


from Peter J. Smith 


IN a recent article on the Madagascar 
controversy, Kent and Tarling (Nature, 
261, 304: 1976) were adamant in claim- 
ing that “the Madagascar controversy 
still lives”. They were right of course, 
even excluding the element of self 
fulfilling prophesy. To expect every- 
one to accept that “‘palaeomagnetism 
has provided the definitive answer” to 
the Madagascar problem (Nature, 259, 
80: 1976) was evidently overoptimistic, 
or at least premature. The controversy 
does indeed live. But for much 
longer in the light of a new palaeo- 
magnetic analysis from McElhinney 
et al. (Geology, 4, 455; 1976)? 

[he long-standing argument is, of 
course, over the geographical position 
of Madagascar before the breakup ol 
Gondwanaland. Did this large island 
lie in the coastal embayment of 
Mozambique some 4° south of its 
present position? Or was it about 15 
north, adjacent to the coast of Kenya- 
Tanzania-Somalia? Or has it always 
been where it is with respect to Africa, 
except perhaps for just a small amount 
of eastward drift? The answer is 
critical in defining the fit of eastern 
and western Gondwanaland. Evidence 
of various types has been adduced in 
favour of all three positions at various 
times, although clearly no more than 
one of the options can be correct. 

The problem seemed well on the 
way to solution earlier this year when 
Embleton and. McElhinney (Earth 
planet. Sci. Lett., 27, 329; 1976) pre 
sented palaeomagnetic data supporting 
the southward drift of Madagascar- 


how 
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that is, a predrift position to the north. 
But Kent and Tarling were not so sure, 
citing a major geological argument 
against a northern position. In the 
vicinity of Kenya-Tanzania there are 
thick sediments apparently deposited 
from the Upper Carboniferous on- 
wards, both onshore and out to several 
hundred kilometres offshore. So how, 
Kent and Tarling asked, could these 
deposits “exist in their present position 
if this was occupied by a micro- 
continent that has since moved away’’? 

They then went on to question both 
the validity of the palaeomagnetic data 
and the significance of the analysis 
based on them. The point about validity 
hinged on whether or not the measured 
sediments had been remagnetised since 
they were laid down, But Kent and 
Tarling argued that even if remagnet- 
isation could be ruled out and the data 
were perfectly valid, there is at least 
one alternative way of comparing the 
Madagascar data with those from other 
landmasses. And this other way sug- 
gests that a southward drift of Mada- 
gascar is no more likely than a north- 
ward drift or no drift at all. The point 
was not that one method is any better 
or worse than the other, but simply 
that both are equally valid and reason- 
able. 

Be that as it may, there is now a 
sequel. Since Embleton and McElhinny 
reported their first data, palaco- 
magnetic investigations of Madagascan 
rocks have continued (both in Australia 
and France) to the point where there is 
now an almost complete palaeomag- 
netic coverage of the Karroo Super- 
group from the Upper Carboniferous 
to the Middle Jurassic. And all of the 
results have been brought together and 
analysed by McElhinny et al. 

The Madagascan data fall into three 
sets covering, respectively, the time- 
spans: (l) Upper Carboniferous to 
Lower Permian, (2) Upper Permian to 
Lower Triassic and (3) Middle Triassic 
to Middle Jurassic. Unfortunately, 
appropriate African data are heavily 
biassed towards the Middle Triassic- 
Middle Jurassic, which makes compari- 
son over the total Karroo period 
difficult. 

And the results of the comparison are 
striking. Taking the time-spans (1), (2) 
and (3) together, the average angular 
difference between the Madagascan and 
African-South American pole positions 
is 16.8° for Madagascar in the southern 
predrift position and 15.3° assuming 
the island to have maintained its 
present position. These are palaco- 
magnetically significant differences. 
By contrast, the average angular 
difference for Matlagascar in the 
northern predrift position is only 4.5°, 
which is palaeomagnetically insignifi- 
cant. Moreover, these averages conceal 


no anomalies; time-spans (1), (2) and 
(3) taken -sepafately each give a 
similar result. 

In short, the palaeomagnetic case for 
the northern predrift position of Mada- 
gascar is, in the word of McElhinny 
and his colleagues, “unequivocal”. 
Even the sceptics must surely agree 
that at the very least the case is strong. 
It is difficult to believe that the palaeo- 
magnetic data are not valid. Remag- 
netisation, for example, is possible, 
but hardly likely in view of the similar 
results for the three time-spans and 
the number of different rock types 
involved. So it would appear that some- 
one has a lot of reconciling todo. © 


Competition and 
sexual dimorphism 
in plants 


from Peter D. Moore 


As members of a species in which males 
and females are increasingly coming 
into competition with one another, it 
is interesting for us to consider the 
evolutionary consequences which have 
resulted from such a state of affairs in 
other species. Sexual dimorphism is 
the term used for situations in which 
the male and female of a species are 
adapted so that they draw on different 
resources, or tap a resource in dif- 
ferent ways. It results from conditions 
where the limitations of the environ- 
ment can produce deleterious competi- 
tive interactions between males and 
females inhabiting the same area. 

Sexual dimorphism is quite common 
among animals and may result in con- 
siderable differences between the sexes. 
In many birds of prey, such as the 
sparrow hawk (Accipiter nisus) the 
male is considerably smaller than the 
female. The two sexes feed on different 
prey species, the male concentrating on 
smaller, more agile species, and the 
female on larger ones. 

Among plants, very few examples of 
sexual dimorphism have been des- 
cribed. Obviously it could exist only 
within dioecious species, where the 
sexes are separate. One example is the 
sheep’s sorrel (Rumex acetosella) 
which was studied by Putwain and 
Harper (J. Ecol., 60, 113; 1972). Here 
the two sexes were found growing to- 
gether, but showed considerable dif- 
ferences in their times of growth and 
in the allocation of food reserves. Male 
plants grew faster in the spring, but 
expended less energy on the production 
of inflorescences and pollen than did 
the female on seed production. Female 
plants were later in their growth, but 
finally developed a taller canopy. Males 
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invested more energy in the production 
of roots and vegetative offshoots. Males 
and females thus tap the environmental 
resources at different times and in 
rather different ways, constituting an 
example of niche diversification be- 
tween the sexes, 

Freeman, Klikoff and Harper 
(Science, 193, 597; 1976) have exam- 
ined several dioecious plant species in 
relation to soil moisture in arid to 
semiarid habitats in Utah. They found 
that the ratio of male: female plants 
in all species examined varied with 
environmental conditions, mainly water 
availability. For example the meadow 
rue (Thalictrum fendleri had a male: 
female ratio of almost 7:1 in dry 
sunny positions, whereas in moist 
shady conditions it was nearer 1: 4. 
Mormon tea (Ephedra viridis) had a 
male : female ratio of 1.6: 1 on steep, 
arid slopes and about 1:2 on alluvial 
bottomlands. The salt grass (Distichlis 
spicata) gave a ratio of about 3:1 in 
very saline conditions and about 1: 1.5 
in moderately saline areas. 

These data suggest that males of all 
these species survive better than 
females in conditions of water stress, 
whereas the reverse is true where water 
is more available. Alternatively, sex 
determination may be environmentally 
controlled. Whatever the cause of this 
state of affairs, Freeman er al. suggest 
that the differentiation of niches be- 
tween the sexes has adaptive sig- 
nificance. Reproductive success in 
males in these wind-pollinated species 
may be enhanced by their being located 
on exposed, dry ridges. Seed output 
from females, on the other hand, 
would be greater in conditions of im- 
proved water supply, especially later in 
the season. 

They have not examined the role of 
vegetative reproduction in determining 
sex ratios. Putwain and Harper showed 
the importance of this influence in 
their Rumex studies and it is possible 
that resource allocation to vegetative 
reproduction in these species varies 
between the sexes and is differentially 
affected by water availability. Ephedra, 
for example, spreads extensively by 
vegetative reproduction. Niche dif- 
ferentiation between the sexes of these 
plants has evidently occurred in re- 
sponse to a selective pressure, but the 
precise physiological or morphological 
cause of the variations in sex ratio 
remain unclear. 

Dioecious plant species are not un- 
common and it will be interesting to 
see whether more of them exhibit 
sexual dimorphism. Sex ratios in popu- 
lations, however, may not always be 
the best guide to dimorphism in plants 
because of the influence that vegeta- 
tive reproduction can have by re- 
dressing the effects of differential 
germination and survival. E 
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Transposable genetic elements and 


plasmid evolution 
Stanley N. Cohen* 
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Transposable elements of DNA that are structurally defined and genetically discrete units seem to 
have an important role in the evolution of bacterial plasmids. Recombination occurring at the termini 
of such elements can result in the joining together of unrelated DNA segments that lack extensive 
nucleotide sequence homology. In addition, transposable elements serve as novel biological switches 
capable of turning on and off the expression of nearby genes as a consequence of their insertion into 


or excision from plasmid genomes. 


ALTHOUGH the existence of plasmids in bacteria has been 
known for more than two decades, the extraordinary 
prevalence and biological diversity of these extrachromo- 
somal genetic elements has been appreciated only recently. 
Plasmids were first identified in the Enterobacteriaceae, but 
subsequently have been found in almost every bacterial 
group where they have been searched for. Naturalfy-occur- 
ring plasmids vary in size from the 2,250-nucleotide-long 
minicircular “cryptic” plasmid of Escherichia coli strain 15 
(ref. 1) to the large and complex F’ plasmids’, which may 
contain more than 400,000 nucleotide pairs and carry up to 
600 genes. A wide variety of biological functions is specified 
by plasmids (Table 1). 

The essential feature common to all plasmids is a repli- 
cation region capable of propagating itself and any genes 
linked to it. Presumably, early steps in plasmid evolution 
involve the assembly of deoxyribonucleotides to form a 
site for initiation of DNA replication (the replication origin) 
and acquisition of genes that specify functions required for 
autonomous replication. Subsequent linkage of the resulting 
replication segment to one or more genes that provide a 
biological advantage to cells carrying the plasmid would be 
expected to aid its propagation. Later steps in the evolution 
of some plasmids might involve the addition of groups of 
genes that facilitate inter-bacterial transfer or an extra- 
cellular existence. Thus. in this evolutionary continuum, 
plasmids can be viewed as primitive bacteriophages that 
have not yet acquired those specialised functions necessary 
for a complex replicative cycle or the production of 
infectious particles capable of existing outside the host cell. 
Conversely, bacteriophages can be viewed as plasmids in 
which a basic replication region has become linked to 
gene segments that specify the additional biological func- 
tions needed for the production of phage particles. 

Until recently, it has been generally assumed that 
the structural evolution of extrachromosomal elements 
has occurred by mechanisms of “general” or “ordinary” 
recombination. In ŒE. coli, general recombination involves 
the bacterial recA gene product. and is commonly dependent 
on physical breakage and reciprocal exchange of DNA 
sequences in a region of extensive genetic homology’. While 


*Address: Stanford University School of Medicine. Stanford, 
California 94305. 
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this mechanism has undoubtedly played some part in 
plasmid evolution, experiments carried out during the past 
several years have shown that the acquisition of certain 
new segments of genetic material by plasmid and bacterio- 
phage genomes can occur by “‘illegitimate?’” recom bina- 
tion of DNA sequences that have little or no ancestral 
relationship®. Thus, the remarkable structural and genetic 
diversity of plasmids seems in part to be the consequence 
of quantal, rather than reciprocal, recombination that in- 
volves the joining of termini of separately evolving and 
structurally defined segments of DNA and the transloca- 
tion (transposition) of genetic segments from one DNA site 
to another. Moreover, at least some of the transposable 
elements involved in the structural evolution of 
plasmids and other prokaryotic chromosomes can serve 
also as biological switches capable of turning groups of 
genes on and off as a consequence of their insertion and 
excision. Thus, transposable elements seem to have an 
important role in both the structural organisation and the 
functional expression of genetic information on DNA, 


Segmental composition of large plasmids 
Investigations from several laboratories"? have shown that 
certain large bacterial plasmids can undergo reversible dis- 
sociation into separate units in some bacterial species. For 
example, “cointegrate! antibiotic resistance plasmids can 
dissociate in Proteus mirabilis into separate segments that 
carry genes for transfer functions (the RTF replicon) or for 
resistance to antimicrobial agents (the R determinant 
segment)". Each of the two component regions of cointe- 
grate plasmids contains its own replication origin’. Since 
independently formed isolates of an RTF unit derived 
from the same plasmid seem to be genetically and struc- 
turally identical’’**, dissociation and reassociation (that is, 
recombination) of cointegrate plasmids must necessarily 
involve specific DNA loci. Electron microscope hetero- 
duplex studies of the isolated RTF segment of one anti- 
biotic resistance plasmid has shown that it has considerable 
DNA nucleotide sequence homology with the RTF regions 
of several other cointegrate plasmids’. Moreover, the RTP 
component of the antibiotic resistance plasmid was found 
to share much homology with the corresponding segments 
of the F and ColV-K94 plasmids. 

Further heteroduplex mapping of several phenotypically 





Property 


Fertility—-ability to transfer genetic material by conjugation 
Production of bacteriocins 

Antibiotic production 

Heavy metal resistance (Cd**, Hg?*) 

Ultraviolet resistance 

Enterotoxin 

Virulence factors, haemolysin K88 antigen 

Metabolism of camphor, octane, and so on 

Tumorigenicity in plants 

Restriction/modification 





Plasmids listed are indigenous to E. coli unless otherwise indicated. 


distinct plasmids has indicated that their regions of homo- 
logy begin and terminate at very precise boundaries": 
segments to one side of the boundary show major differ- 
ences in DNA nucleotide sequences, whereas segments to 
the other side are preserved largely intact. R-determinant 
segments of certain antibiotic resistance plasmids isolated 
in widely spaced parts of the workd were found to be 
preserved almost intact, but no detectable homology was 
seen with the corresponding segments of the F and ColV- 
K94 plasmids. Thus, the different phenotypic properties of 
these large plasmids seem to result in part from the linkage 


Fig. 1 Inverted repeats. a, Electron photomicrograph of 
formamide-spread*! “mini-plasmid” derivative of the pSC105 
plasmid*®®. The inverted-repeat units forming the stalk (IR) of 
the Km-resistance hairpin-loop structure are indicated. b, 
Schematic representation of formation of hairpin-loop structure 
showing palindromic stem. The DNA nucleotide sequences 4 BC 
are repeated in inverted orientation on this DNA. Following 
DNA denaturation and strand separation, hairpin-loop struc- 
tures can be formed by intrastrand annealing of the comple- 
mentary nucleotides. The sequence bracketing the base of the 
stem forms an axis of twofold rotational symmetry. 
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Table 1 Some properties coded by naturally occurring plasmids 


Exemplified by 


F, RI, Coll 

CloDF13 (Enterobacterium cloacae) ColẸ |] 

SCP1 plasmid of Streptomyces coelicolor 

pl258 CS. aureus), R6 

Collb, R46 

Ent 

ColV, Hly 

Cam, Oct (Pseudomonas) 

Tl-plasmid of Agrobacterium tumefaciens 

Production of EcoRI endonuclease and methylase by plasmid of RY[3 





of separately derived supplemental gene segments to the 
basic RTF unit. These observations suggest that different 
combinations of separately evolving DNA segments that 
have little or no ancestral relationship may be involved in 
plasmid formation. 


Inverted repeats on plasmid DNA 


Heteroduplex studies of plasmid DNA sequence relation- 
ships by Sharp er al.'"’* also resulted in the discovery of 
inverted repeats on plasmid DNA. Inverted repeats con- 
sist of DNA segments that are duplicated in reverse 
nucleotide sequence orientation along the genome (Fig. 1). 
Because of the antiparallel nature of DNA polynucleotide 
chains, the nucleotide sequences contained within inverted 
repeats are identical on each of the DNA strands from the 
3° to S’ directions; consequently, a structurally defined 
DNA sequence and its complement exist on each strand of 
the DNA molecule. During heteroduplex analysis, intra- 
strand annealing of the primary and repeated complement- 
ary sequences results in the formation of hairpin-loop or 
foldback structures. The complementary sequences are 
contained in the stalk of such structures, whereas inter- 
vening non-duplicated sequences form the loop part. An 
axis of twofold rotational symmetry bisects the palindromic 
stem that is formed by intrastrand annealing of the inverted 
repeat sequences during formamide spreading of DNA 
for heteroduplex analysis. In at least two instances, anti- 
biotic resistance genes carried by plasmids (that is, the 
genes specifying resistance to tetracycline and kanamycin- 
neomycin) were shown to map in the immediate vicinity of 
inverted repeat structures”. 


Insertion sequence (IS) regions on plasmids 


One of the hairpin-loop structures located on the R6 and 
R6-5 plasmids was found to have another structural feature 
of special interest. R6-5 is a spontaneously isolated variant 
of R6; although it does not express the tetracycline (Tc) 
resistance of the parent plasmid, R6-5 was nevertheless 
found to contain the hairpin-loop structure associated with 
the Tc-resistance gene of R6”, Electron microscope hetero- 
duplex analysis of the two plasmids indicated that the Tc- 
sensitive R6-5 plasmid contains all of the DNA sequences 
present in the Tc-resistant R6 plasmid—plus an additional 
segment of DNA 1.4khb in length”. Spontaneous excision 
of the segment from the R6-5 plasmid, which occurs at low 
frequencies during normal growth of bacteria carrying the 
plasmid and at higher frequency” after transformation” of 
E. coli by R6-5 plasmid DNA, leads to regeneration of a 
plasmid that is phenotypically and structurally identical to 
the tetracvcline-resistant R6 parent. These results indicate 
that a Tc-resistance gene is present on the R6-5 plasmid. 
but that it is being inactivated reversibly by insertion of an 
additional segment of DNA”. 

The inserted DNA segment that turns on and off the 
expression of tetracycline resistance in the R6-5 plasmid 
was shown to be a direct duplication of a structurally 
defined nucleotide sequence that is repeated again in 
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~: Fig. 2 Turn on and turn off of Te-resistance gene of R6/R6-5 
“plasmid by excision and. insertion of repeated DNA sequence. 
The nucleotide sequences ABC and C’B‘A’ form a hairpin-loop 
structure by intrastrand annealing during spreading of plasmid 
DNA in the presence of formamide. Insertion of the sequence 
 AsBsC,, which is a direct repeat of A,B,C, results in loss of 
expression of the nearby Te-resistance gene. Excision of this 
sequence leads to- expression of Te resistance by the plasmid. 


reverse orientation further along the plasmid genome to 
form the stalk of the hairpin-loop structure near the Tc- 
resistance gene (Fig. 2). Insertion and excision of this 
segment of DNA at a site within the loop affects expression 
of the nearby Tc-resistance gene. 

Inactivation of genes as a consequence of insertion of 
DNA sequences of defined length has been recognised for 
about a decade. Insertion sequence. (IS) elements (for 
review, see ref. 7), which range in length from 800 to 1,400 
base pairs, have been known to become integrated at 
multiple sites in bacterial and phage genomes and to pro- 
duce polar mutations””~**; insertion of an IS element not 
only abolishes the function of the gene into which the 
element is inserted, but it can also affect functioning of genes 
distal to the insertion site with respect to the promoter of 
the operon. Moreover, at least one IS element carries a pro- 
moter region, and is capable of turning on or off the 
activity of adjacent genes according to the direction of in- 
sertion of the IS segment”. The 1.4-kb DNA segment 
observed to affect expression of tetracycline resistance in 
the R6/R6-5 plasmid as a consequence of its insertion or 
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excision seemed to be similar in its characteristics to the s” 
elements”. 

Subsequent electron microscope heteroduplex studies” 
have shown that the DNA sequence that forms the stalk of 
the Tc-resistance hairpin-loop structure of the R6 plasmid, 
and which is also the inserted DNA segment affecting ex- 
pression of Tc resistance, is one of the previously identified 
IS regions—-IS3. These studies have involved the use of pre- 
viously characterised”’** A phage mutants carrying the 
known IS regions; separated strands of phage A DNA con- 
taining IS1, IS2 or IS3 were annealed with R6-5 plasr 
DNA, and homology of the 183 element with the sequence 


of the Tc-resistance stalk was shown”. a 


Parallel investigations by Hu er al. ™ have shown that ISi 
and IS2 elements are also present on R6 and R6-45 plas- 
mids, and on the related plasmid R100. T52 exists as a 
simple insertion within the RTF unit. Two copies of ISI 
exist as direct repeats at the boundaries of the RTF and R- 
determinants of these plasmids, and by analogy from the 
data by Sharp et al.", exist also at corresponding locations 
of certain other cointegrate antibiotic resistance plasmids 
that are homologous with R6 in these regions. Using similar 
methods, Ptashne and Cohen** also demonstrated the 
presence of directly repeated TSI insertions at the junction 
of the RTF and R-determinant units of R6-5. 

The discovery of directly repeated copies of the IS! 
element at the two junctions of the RTF and R-determinant 
components of cointegrate antibiotic resistance plasmids 
provides a possible mechanism for the previously reported 
reversible dissociation of such plasmids into separate seg- 
ments™™, The IS1 elements also provide a possible mech- 
anism for amplification of the R-determinant segment and 
the formation of plasmids consisting of polygenic KR- 
determinant units. As proposed by Hu er al™ and by 
Ptashne and Cohen™, multiple ISI copies of and R- 
determinant units could accumulate on cointegrate R- 
plasmids by recombination involving the ISi element. 
According to this model, the ISI elements could also 
mediate dissociation of the component of the plasmid: the 
number of R-determinant copies included on each of the 
component replicons would depend on which IS] regions 


participate in the recombinational event. Recombination —_ 


between the most distant pair of R-determinant units as 


Cointegrate 


R-factor 
R-determinant component 


~ 
A~ 
d eena tree 
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Sat _.._R-determinant replicon 
Kf 
4 


— RIF replicon 


RTF component 


~~ Fig. 3 Proposed mechanism®** for reversible dis- 
sociation of cointegrate R plasmids at sites of IS! 
elements. From Ptashne and Cohen (ref. 26). The 
model depicted provides for the formation of in- 
dependent RTF and R-determinant replicons (a) 4 
and for the production of polygenic R-determinant 
units. (6). The model is schematic; it has not been 
determined whether both the RTF and R-determinant 
units receive IS elements during dissociation of 
cointegrate R plasmids or whether the two ISI 
elements are distributed asymmetrically. 
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shown in Fig. 3 would yield an RTF replicon plus a poly- 
R-determinant plasmid, whereas recombination between 
intermediately located IS units would yield a DNA molecule 
containing both an RTF segment and a varying number of 
R-determinant copies*’. Thus, separate RTF and R-deter- 
minant replicons*”'’, as well as plasmids containing multiple 
R-determinant copies’ could be produced from cointegrate 
R plasmids by the same recombinational process. 

IS elements also seem to be involved in the recombina- 
tion of F plasmids with chromosal genes to yield F plas- 


-ag 


Hu and Davidson and their associates " have identified 
three structurally defined DNA segments of F that are 
hotspots for illegitimate recombination events that do not 
require bacterial recA gene function. One of these, the e°¢ 
sequence, is homologous with IS2 (ref. 29). A second recom- 
binationally active segment on F, the aß sequence, is indis- 
tinguishable from the IS3 element”, Formation of an Hfr 
cell by integration of F into the chromosome can occur by 
interaction of the plasmid with an IS element inserted in 
either of two polarities. In 23 of 25 independently derived 
Hfrs, the point of origin and the direction of transfer of 
the chromosome by the integrated F plasmid could be 
predicted by the polarity of the aß or ef sequence on the 
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plasmid’. Taken together, these various data strongly 
These studies“ suggest also that IS elements have a 
prominent role in the acquisition of chromosomal genes by 
plasmids and indicate that deletions of F-plasmid DNA can 
occur during F’-plasmid formation, and that one endpoint 
of the delegated DNA segment often is coincident with the 
endpoint of an IS element. 


Translocation (transposition) of DNA 

segments carrying antibiotic resistance genes 

In 1964 Dubnau and Stocker“ reported that antibiotic 
resistance genes from a plasmid could become associated 
with the P22 prophage and subsequently attach to the 
chromosome of Salmonella typhimurium. Kondo and 
Mitsuhashi observed that E. coli phage PI could similarly 
receive a resistance gene from a plasmid”. Later, Mitsuhashi 
and coworkers™ ° described the spontaneous integration of 
R-plasmid genes for choramphenicol (Cm) resistance at 
various sites of the E. coli chromosome, and the subsequent 
movement of the Cm resistance trait on to another R 
plasmid or on to bacteriophage PI, which could then 
transfer the resistance interbacterially. Other observations 
from the same laboratory suggested that Tc-resistance genes 


Abbreviated Rules of Nomenclature for transposable elements of DNA* 


Definition 
Transposable elements are DNA segments which 
can insert Into several sites in a genome. 


Classes of element 


(D IS (simple insertion sequences): contain no 
known genes unrelated to insertion function. 


generally shorter than 2 kb. Symbols: IS/, 182, 183 
and so on. 

(2) Tn (more complex, transposable elements, often 
containing IS elements): behave formally like IS 
elements. but contain additional genes unrelated to 
insertion function, generally larger than 2 kb. 
Symbols: Tn/, Tn2, Tn3 and so on. A different 
number is assigned to each independent isolate from 
nature, even if tt is apparently identical to some pre- 
vious isolate. The designations assigned in the 
accompanying table to some known Tn elements 
should be used in all publications. 

(3) Episomes (complex,  self-replicating 
often containing IS and Tn elements). 


elements 


Organisms and genomes with inserted elements 

(D Organisms. When an inserting element has been 
introduced into a previously described bacterial 
strain, the new strain should be given an isolation 
number, Its genotype can be denoted by the geno- 
type of the parent strain, followed by the name of 
the element in parentheses. 

(2) Genomes. If location is known, specify gene or 
region in which element is inverted, followed by a 
number designating the particular insertion mutation, 
then by double colon and finally by name of inserted 
element: for example, ga/T-236::1S8/ (S/ within 
gene ealT),. 


Central registry 
To avoid duplications of numbers, all new IS and Tn 


elements should be checked with a central registry 
before numerals are assigned to them in publica- 
tions. A registry for Tn elements will be maintained 
by Esther Lederberg, Department of Medical Micro- 
biology, Stanford University Medical School, Stan- 
ford, California 94305 (USA) as part of the Plasmid 
Reference Center. 





Designation of Tn elements* 


Plasmid Resistance 
Element? Origins markers§ References 
Fn/ R P4 Ap 6 
Tn? RSF1030 Ap 7 
Tn3 Ri Ap 8 
Tng RI ApSmSu 8 
Tns JRO67 Km 2 
Tn6 IR72 Km 2 
Tn7 R483 Tpsm | 
Tn pSM 14 Cm 4 
Tnld R100 Te 3,5 








+The symbol Tn has not yet been assigned. 

¿Natural plasmid from which element originated. 

Ap = ampicillin; Sm = streptomycin; Su = sulphon- 
amide; Km © kanamycin; Tp = trimethoprim; Te = tetra- 
cychne. i 
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2 Berg, D. E., Davies, J. Allet, B., and Rochaix, J., Proc. narn, Acad. 
Sci. U.S.A... 72, 3628-3632 (1975). 

’ Foster, T. J. Howe. T. G. B., and Richmond, K. M. V.. J. Bact.. 
124, 1153-1158 (1974). . . 

4 Gottesman, M.. and Rosner, J. La, Proc. natn, Acad. Sci. ULS.A., T2, 
8041~S045 (1973), 

& Kleekner. N., Chan, R., Tye, B., and Botstein, D.. 4. molec. Biol.. 97, 
S6E-S78 (1975), . 

å Hedges, R. W., and Jacob, A. E.. Molec. gen. Genet, 132, 31-40 
O74), 

? aes, E., Subien. R., Hedges, R. W., Jacob ,A.. and Falkow, $., 
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*Prepared by a committee consisting of A. Campbell (chairman), D. Berg, D. Botstein, R. Novick and P. Starlinger. The complete 
report will appear in DNA Insertion Elements, Plasmids and Episomes (Cold Spring Harbor Laboratories, Cold Spring Harbor, in the press). 
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were also capable of moving from plasmid to plasmid or 
from plasmid to chromosome’. 

In 1968, Anderson er a/.* reported observations suggest- 
ing that an Ap-resistance determinant from one plasmid 
could become associated with another plasmid. Datta er al.” 
observed an apparently similar recombinational event that 
resulted in acquisition by the R64 plasmid of the TEM B- 
lactamase (Ap resistance) gene originally present on another 
plasmid, RP4; Richmond and Sykes” subsequently reported 
that the TEM #-lactamase gene derived from the related 
RPI plasmid could integrate into the E. coli chromosome. 
Hedges and Jacob" isolated a series of plasmid derivatives 
that had received the Ap-resistance trait from RP4, and 
found that an increase in plasmid molecular weight accom- 
panied the change to Ap resistance; other plasmids were 
then able to acquire the TEM #-lactamase resistance from 
the derivative plasmid. These authors concluded that the 
structural information for the TEM f-lactamase was carried 
by a transposable DNA sequence that they termed transpo- 
son A (TnA)*: Heffon er al. subsequently demonstrated 
that the nucleotide sequences of the TnA segment, which is 
approximately 310° daltons in size, are common to 
naturally occurring plasmids of a variety of compatibility 
groups that specify the TEM type Ap resistance. 

Although these recombinational events apparently in- 
volved movement of genetic information from one genome 
to another, they seemed to involve recA-dependent general 
recombination. Other experimental evidence, however, has 
demonstrated that translocation of structurally defined 
segments of DNA carrying antibiotic resistant genes can 
occur by terminus-site-specific recA-independent recombi- 
nation. Some of these events involve known [S elements, 
which can also move from genome to genome independently 
of recA function‘; others seem to be associated with newly 
observed structurally defined segments of DNA that have 
been found on plasmids as inverted repeats. 

During studies of mobilisation of a non-conjugative plas- 
mid by a conjugally proficient Ap-resistance plasmid”, a 
recombinant DNA molecule was isolated, which on further 
study was shown by electron microscope heteroduplex 
analysis to have been formed by translocation of a specific 
DNA segment from one plasmid to another“. Translocation 
of this DNA segment between plasmids did not require the 
bacterial recA gene product, suggesting that it did not 
involve ordinary recombination mechanisms, The event was 
site specific so far as the transposable element itself is 
concerned (that is, the element could move between plas- 
mids as a discrete structural unit), but the element could 
become inserted at different sites on the recipient pSC101 
plasmid. Heteroduplex analysis showed that all of the 
sequences present in the translocating Ap-resistance seg- 
ment were derived from a continuous region of the donor 
plasmid, and that insertion of the element into the recipient 
plasmid could occur in either direction. Moreover, a 130- 
nucleotide long inverted repeat DNA sequence was present 
at the termini of the 4.5-kb transposable unit. 

A schematic representation of these events is shown in 
Fig. 4. In effect, the plasmid DNA originally located at 
the ends of the inverted repeat termini of the transposable 
element is replaced by the recipient plasmid during the trans- 
location event: it is not known, however, whether the trans- 
posable unit exists in a physically separate state during the 
process. In the hairpin-loop structure configuration, (Fig. 
4a) the termini of the inverted repeats forming the stem of 
the Ap-resistance transposable segment are located around 
an axis of twofold rotational symmetry that marks the site 
of excision of the element from one plasmid and insertion of 
the element into another. Alternatively, such molecules mav 
form loop configurations (Fig. 4b) similar to that proposed 
by Campbell‘ for integration of phage A into the E. coli 
chromosome, or may form cruciform structures”. Although 
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the actual structural configuration for the transposable 
segment during the recombinational event is not known, it 
seems plausible that enzymes capable of recognising the 
inverted repeat termini of the element may be involved in 
translocation. 

Subsequent experiments” have indicated that the struc- 
turally defined Ap-resistance element observed to trans- 
locate from the pSCSO plasmid on to plasmid pSC1O1™ is 
indistinguishable by electron microscope heteroduplex 
analysis from the TnA element from RI-19 studied by 
others***. Heffron and coworkers” have shown that in- 
sertion of TnA into a plasmid results in polar mutations 
similar to those occurring as a consequence of insertion of 
IS units. Using heteroduplex mapping, these investigators” 
have also demonstrated that the TnA element can insert into 
multiple sites clustered in a region corresponding to only 
one-third of the length of the 5.5 10° dalton RSF1010 
plasmid genome. Similar clustering of sites that have 
received TnA has been observed on the ColE! plasmid® and 
on pSCIOI. 

Other recent genetic and molecular studies have shown 
that TnA is one of a number of antibiotic resistance-gene 
segments of DNA that can undergo recA-independent 
translocation. In 1972, Chan er al.“ observed that growth 
of the S$. typhimurium phage P22 in a bacterial strain 
carrying the R100 plasmid resulted in formation of an 
unusual phage varient that could transduce resistance to Tc 
at a high frequency. The Tc-resistant P22 phage seemed 
analogous to the antibiotic-resistant P22 phage observed by 
Dubnau and Stocker’: moreover, it did not seem to result 
from the mechanism normally responsible for the formation 
of P22 transducing phage, since insertion of Tc resistance 
into the phage genome did not occur at the site usually 
associated with attachment of the phage to the Salmonella 
chromosome. 

The Te-resistance DNA segment that had recombined 
with phage P22 was found to contain a hairpin-loop 
structure’ similar to the one identified previously on the 
R6-5 plasmid”. Subsequent studies™ have demonstrated that 
this structure, which has inverted repeats of the IS3 element 
at its termini”, is capable of translocation from P22 on to 
many different sites of the Salmonella chromosome. In- 
sertion of the transposable element into a structural gene 
abolishes the function of that gene: moreover, a polar effect 
on the expression of genes distal to the promoter occurs 
when the element is inserted into a group of genes that form 
a single transcription unit™, as is characteristic of the TS 
elements’. The two inverted repeat copies of 153 near the 
Te-resistance gene seem to be able to undergo translocation 
concurrently and to carry along the intervening segment 
of DNA. 

Insertion of the Te-resistance hairpin-loop structure 
occurs without loss of genetic information from the mole- 
cule into which it inserts: most of the mutated bacteria 
formed as a consequence of insertion can revert to proto- 
trophy”. However, excision of the transposible element is 
usually not precise. Although insertion of the Te-resistance 
element into the Salmonella chromosome results in a distri- 
bution of auxotrophic mutants similar to that obtained by 
chemical mutagenesis”, clustering of insertion sites within 
the histidine operon suggests that insertion may not he 
entirely random. As in the case of the ThA element, in- 
sertion and excision of the Te-resistance (183) segment is 
indenendent of the function of the recA gene of the 
host***?, 

Berg et al.“* have made analogous observations involving 
a segment of plasmid DNA that carries genes for resistance 
to the antibiotice kanamycin (Km). This segment contains 
an inverted repeat hairpin-loop structure similar in 
appearance to, but different in size from. the structure pre- 
viously associated with Km resistance on various R plas- 
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mids”. The segment behaves functionally like the Tc- 
resistance and TnA elements; it can insert at several 
different sites on phage A and excision leads to recovery of 
an intact phage genome. A second Km-resistance DNA 
segment lacking inverted repeat termini was also observed” 
to be capable of translocation from R plasmids to bacterio- 
phage A, suggesting that inverted repeats may not be essen- 
tial for the translocation event or that one of the limbs of 
the inverted repeat is lost during translocation of this 
particular element. 

Another translocating segment of DNA carrying an anti- 
biotic resistance gene but lacking inverted repeats at its 
ends has been reported by Gottesman and Rosner. This 
element had originally been acquired by E. coli bacterio- 
phage P1 from the antibiotic resistance plasmid R10 (ref. 
35). It was subsequently transferred to phage A by a pro- 
cess shown to be independent of host rec or A red recom- 
bination functions: however, possible involvement of PI 
recombination functions in the translocation event was not 
excluded. Very recent investigations (MacHattie and 
Jackowski, personal communication) indicate that this Cm- 
resistance translocating segment of DNA contains directly 
repeated copies of the IS! element at its termini. 

During the studies of Kopecko and Cohen”, a second 
transposable element that carries resistance to sulphona- 
mide (Su), streptomycin (Sm) and Ap was observed to move 
from the pSCSO plasmid to pSC101. Subsequent experi- 
ments have shown that this 20.4-kb unit, which has been 
named TnS. contains the TnA element within it”. Inverted 
repeat segments, 130-140 nucleotides in length, are present 
at the termini of TnS as well as at the ends of TnA. More- 
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Fig. 4 Translocation of Ap-resistance DNA 
segment (TnA) from the pSC50 plasmid to 
pPSCIOI. a, Schematic representation showing 
the Ap-resistance hairpin-loop structure 
with a 130-140 nucleotide-long inverted 
repeat stem. As a consequence of transloca- 
a tion, the pSCSO plasmid DNA at the base 
of the stem is replaced by the pSCI10I 
plasmid (that is, the Ap-resistance segment is 
translocated from pSCS0 to pSCIOI). 
Translocation of the hairpin-loop structure 
involves the ends of the palindromic (stem) 
sequences that bracket an axis of twofold 
rotational symmetry. The molecular nature 
of the DNA product resulting from excision 
of the Ap-resistance segment from pSC50 
is not known. 4, Possible Campbell model 
configuration for DNA segment involved in 
translocation. There is currently no evidence 
that the same event results in both trans- 
location and restoration of DNA nucleotide 
sequence continuity at the site into which the 
Ap-resistance segment has been inserted; 
although excision with reversion to pro- 
totrophy, and translocation are both ob- 
served, these outcomes may represent 
separate events that occur on different DNA 
molecules, as appears to be the case with 
bacteriophage Mu®***, The separated Ap- 
resistance transposable DNA segment is 
shown in brackets, since its existence as a 
separate unit has not been demonstrated. 


i 
t 
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over, the termini of the TnS element seem to be highly 
interactive “hotspots” for additional illegitimate recombi- 
national events involving the deletion or insertion of other 
segments of plasmid DNA". Recently, a segment of DNA 
carrying genes for resistance to trimethoprim, strepto- 
mycin and spectinomycin has also been identified (TnC, 
ref. 60). Although it is not yet known whether this unit 
contains either a direct DNA repeat of inverted repeats at 
its terminal, it seems to be functionally similar to the other 
transposable antibiotic resistance units described above. 
At this time, structurally defined DNA segments coding 
for resistance to ampicillin, streptomycin-spectinomycin, 
sulphonamide, chloramphenicol, tetracycline, and tri- 
methoprim have been shown to be capable of translocation 
from genome to genome, and it seems that the sequential 
translocation of such segments may be the principal mech- 
anism by which plasmids can accumulate multiple anti- 
biotic resistance determinants. It seems likely that the wide- 
spread clinical and veterinary use of antimicrobial drugs 
has resulted in the biological selection of plasmids that 
acquire such transposable elements. Possibly, translocation 
of additional segments of DNA carrying various other 
plasmid or chromosomal genes remains undetected because 
comparable selective pressures have not been applied. 
While inverted repeats have not been found on all of 
the antibiotic-resistance transposable DNA studied, they 
nevertheless seem to be involved prominently in the trans- 
location process. In bracketing an axis of twofold 
rotational symmetry at the site of recombination of their 
termini, inverted repeats form a palindromic DNA sequence 
as noted above. Palindromes have also been observed at the 
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DNA interaction site for the fer enzyme of phage A”, at 
promoter and operator sites associated with ACI (ref. 62) and 
E. coli lac® operon repression, and at the sites of action of 
several restriction and modification enzymes*'*’, suggesting 
that they may provide highly specific recognition sites for 
protein-DNA interactions. Observations which show that 
certain palindrome-site-specific restriction endonucleases 
are coded by plasmid genes™ raise the possibility that func- 
tionaly analogous plasmid-specified enzymes may have a 
role in  recombinational events involving transposable 
elements. Moreover, recently obtained data’ suggest that 
genetic information required for translocation of at least 
one of the antibiotic-resistance transposable elements (that 
is, TnA) is contained within the loop portion of the element 
itself. It remains to be determined whether other Tn units 
carry genes that specify products involved in translocation 
events. 


Promotion of other illegitimate 
recombination events by transposable elements 


Reif and Saedler® have reported that the ISI element can 
promote recA-independent deletion of DNA sequences 
immediately adjacent to the ISI terminus. One endpoint of 
the deletion seems to be the terminus of ISI itself, whereas 
the other endpoint is variable. Recent evidence from other 
laboratories suggests that transposable segments of DNA 
carrying antibiotic resistance genes can also promote 
deletion formation, and that such deletions occur at the 
termini of the inverted repeats. During heteroduplex 
analysis of the R100 plasmid, Hu er al.” observed that a 
transfer-deficient R100 derivative had deleted a DNA seg- 
ment adjacent to the (IS3) terminus of the Tc-resistance 
hairpin-loop structure. Foster and Willets® subsequently 
found that following the loss of Tc resistance by R100-1, 
deletions extending into the adjacent tra (transfer) region 
of the plasmid are observed. Kleckner, Reichardt and 
Botstein (personal communication) have seen deletion for- 
mation also during excision of the Tc-resistance hairpin- 
loop structure from the Ais region of the E. coli chromo- 
some, and D. Berg and B. Allet (personal communication) 
have observed small deletions in the A phage chromosome 
following excision of a Km-resistance transposable element 
from this DNA segment. 

The 130-140-nucleotide long inverted repeats at the 
termini of TnS also seem to be involved in deletion forma- 
tion”. The pSC50 plasmid, which contains both the TnA 
and TnS translocating elements, is a Km-sensitive derivative 
of the Km-resistant R1-19 plasmid. Heteroduplex analysis 
of pSCS0 and its parent indicate that the entire segment of 
DNA located between a terminus of the TnS unit and a 
copy of ISt is lost during the formation of pSC50. bringing 
the termini of TnS and IS1 in juxtaposition’. The mech- 
anism by which transposable elements can promote deletion 
of adjacent DNA sequences is unknown. In at least some 
instances, however, deletion occurs while the transposable 
unit is in situ, and not at the time of excision or insertion 
of the element®™. 


Conclusions 


As a consequence of work carried out in a number of lab- 
oratories during the past several years, an understanding 
of the organisation and structural evolution of bacterial 
plasmids has begun to emerge. Terminus-site-specific 
recombination, which in E. coli and Salmonella is in- 
dependent of bacterial recA gene function, seems to have 
an important role; in fact, the addition of structurally- 
defined DNA segments on to plasmid, phage and bacterial 
chromosomes, and the excision of specific DNA segments 
from such chromosomes may represent the principal mech- 
anism by which the organisation of prokaryotic (and perhaps 
eukaryotic) DNA has evolved. Certainly, this mechanism 
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seems to account significantly for the structural and genetic ®# 
diversity of plasmids, and to explain at least some types 
of interaction between extrachromosomal segments of DNA 
and the host cell chromosome. 

Terminus-site-specific recombination also 
potential mechanism for the exchange of genetic informa- 
tion between diverse biological species found in nature. 
There has been recent evidence that an Ap-resistance DNA 
segment found in H. influenzae is structurally and genetic- 
ally similar to the TnA element isolated from E. coli plas- 
mids”. In addition, translocation of prokaryotic gene seg- 
ments of eukaryotic DNA sequences cloned in bacteria 
has been observed (A. C. Y. Chang and S$. N. Cohen, un- 
published data); it is tempting to speculate that prokaryotic- 
eukaryotic genetic recombination involving transposable 
genetic elements may occur under some circumstances in 
nature. 

In addition to having an important role in the structural 
organisation of genes on prokaryotic genomes, transposable 
segments of DNA function as controlling elements or 
“switches” in turning on and off the expression of plasmid 
and chromosome genetic information. The remarkable 
dual role of these elements in affecting both the organi- 
sation and function of prokaryotic genomes is perhaps best 
illustrated by the Te-resistance transposable segment. 
Inverted repeats of the IS3 element at the ends of this 
segment can accomplish movement of the intervening Tc- 
resistance gene between plasmids, chromosome, and phage. 
and can also lead to deletion of DNA sequences adjacent 
to the termini: another repeated copy of [S83 controls ex- 
pression of the Tc-resistance gene contained within the 
segment of DNA that is translocated. The demonstration 
that still other insertion sequence elements carry promoter 
sites® for initiation of RNA synthesis provides another 
potential mechanism by which these units can function as 
moveable and invertable switches in the evolution of 
plasmid operons. 

Parallels in the effects produced by transposable genetic 
elements in plasmids, and phenomena observed tn eukary- 
otic systems suggest that similar DNA segments may have 
a role in the organisation and control of expression of 
genetic information in higher organisms. The transposable 
“controlling” elements that regulate phenotypic expression 
in maize ™ are known to be capable of movement to 
various sites on maize chomosomes: as a consequence of 
transposition to different locations, they can exert their 
controlling influence on a variety of genes. As is the case 
with the inverted repeats identified on transposable anti- 
biotic resistance segments, transposable maize elements 
seem to promote deletions of various lengths which affect 
neighbouring genes. Insertion and excision of repeated DNA 
sequences has been shown recently also to he associated 
with genetic instability of the white locus on the X chromo- 
some of Drosophila melanogaster”. The mutations pro 
duced in this locus can be transposed to another linkage 
group. leaving behind a genetic deletion. Moreover, fold- 
back DNA characteristic of inverted repeats has been 
found in various eukaryotic chromosomes, and visualisation 
of this DNA in the electron microscope shows hairpin- 


loop structures similar to those seen on plasmids”, 


Analogies between phenomena observed in eukarvotic 
systems and the transposable genetic elements and inverted 
repeats identified on plasmids are presently only specula- 
tive: nevertheless, bacterial plasmids may prove to be a 
highly useful model system for elucidating mechanisms in 
volving the organisation and control of genetic information 
on the complex chromosomes of higher organisms. 

I thank H. Saedler. P., Starlinger. S. Falkow, L. Mac- 
Hattie, D. Berg and N. Kleckner for making available un- 
published information, and A. Campbell for critically 
reading the manuscript. 
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Aieten tenine mirean aaan mara paapaa erie e: 


Fission-irack dating of zircon separated from two 
pumice samples from the KBS Tuff in the Koobi Fora 
Formation, in Area 131, East Rudolf, Kenya, gives an 
age Of 2.44+0.08 Myr for the eruption of the pumice. 
This result is compatible with the previously published 
K-Ar and “Arj” Ar age spectrum estimate of 2.6] +0.26 
Myr for the KBS Tuff in Area 105, but differs from the 


for the KBS Tuff ineArea 131. This study does not sup- 
port the suggestion that pumice cobbles of different ages 
occur in the KBS Tuff. 


A A ARAL etree eT TICIPATE amaaa er! Aber er anaa ai HEN nit dn re aa IB ele 


THE Pho-Pleistocene sedimentary sequence in the East 
Rudolf basin of Northern Kenya, has been the site of many 
important hominid’, archaeological’ and palaeontological 
finds’, Intercalated with the sequence of lacustrine, deltaic 
and fluviatile sediments are a series of prominent felsic 
volcanic tufs. These volcanic units have been used to estab- 
lish a time framework for the rocks of the East Rudolf 


Basin. K-Ar and “Ar/"Ar dating techniques have been 
applied to >100 rock and mineral samples from East 


Rudolf, but interpretation of the dates determined by these 
methods has not been straightforward. Geological’* and 
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analytical’’® factors have been postulated to explain the 
scatter of K-Ar and “Ar/*Ar apparent ages obtained from 
volcanic sanidine-anorthoclase crystals separated from 
pumice cobbles in the tuffs. 

The KBS Tuff, lying within the Lower Member of the 
Koobi Fora formation, has attracted considerable interest 
amongst palaeontologists and anthropologists because it con- 
tains an important stone artefact site’ and overlies the bed 
which contained the hominid cranium KNM ER _ 1470 
(ref. 1). In 1970, Fitch and Miller® published a K-Ar and 
*Ar/*Ar age spectrum analysis of fresh sanidine crystals 
separated from pumice cobbles present in the KBS Tuff in 
Area 105, giving a preliminary date of 2.61 +0.26 Myr for 
the KBS Tuff horizon. Recomputation of this data using 
improved ““Ar/“Ar techniques, together with additional 
“Ar/*Ar dating studies leads Fitch et al.’ to the conclusion 
that a more precise minimum age for the KBS Tuff is 
2.42 +0.01 Myr. 

Curtis has described the original 2.61 +0.26 Myr date for 
the KBS Tuff as being much questioned in private anthro- 
pological and palaeontological circles’. These doubts led 
Curtis et al. to undertake an independent check, using con- 
ventional K-Ar dating techniques on sanidine and glass 
separated from KBS pumice’. The tuff known as KBS in 
Areas [0 and 105 is distinguished by Curtis ef al.” from the 
tuff known as KBS in Area 131 on the basis of K-Ar total 
fusion dates obtained from these areas: 10 and 105 give a 
mean date of 1.60+0.05 Myr, 131 giving a mean date of 
1.82 +0.04 Myr. The 2.61+0.26-Myr date of Fitch and 
Miller® is explained by Curtis et al.* as possibly resulting 
from the presence of older pumice blocks in the KBS Tuff. 
Curtis underlines the desirability of checking radiometric 
dates by the use of two different methods, and he cites the 
fission-track dating work on the East Rudolf Tuffs being 
undertaken at Birkbeck College”. Because of the great inter- 
est in the KBS Tuff horizon and the apparent conflict be- 
tween the K-Ar and “Ar/*Ar results, we present here the 
first dates obtained using the independent technique of 
fission-track dating on zircon from pumice cobbles collected 
at one locahty in the KBS Tuff. This work represents part 
of a larger fission-track dating study being made on each 
of the tuff horizons in the East Rudolf Basin. Full publica- 
tion of the fission-track results will be made on completion 
of the project. The theory and techniques of fission-track 
dating have been comprehensively described, as has the 
specific use of zircon in dating young volcanic ash beds". 


Method 


The two pumice samples used in this study, FMA 517 and 
ER 74/131 came from within 5m of each other, from the 
KBS Tuff in Area 131. Sample FMA 517 was collected in 
1974 by I. C. Findlater, F. J. Fitch and A. J. Hurford, and 
was used in a further “Ar/“Ar dating study undertaken at 
Cambridge’. FMA 517 consists of several well rounded 
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pumice lumps collected within 4m of each other. The 
pumice is rich in euhedral feldspar phenocrysts and contains 
glass showing partial replacement by calcite. Sample ER 
74/131 was collected by T. E. Cerling and was used in the 
K-Ar dating study undertaken at Berkeley’. This single 
pumice lump contained dark, isotropic glass and abundant 
euhedral feldspar crystals. The pumice samples were crushed 
and carefully digested in a mixture of concentrated HF and 
concentrated H:SO, for 7d (ref. 16). This digestion process 
dissolved most of the rock leaving a concentrate of zircon 
which was further purified by conventional mineral separa- 
tion techniques. The zircons consist of two distinct varie- 
ties: ~95°% are colourless, water-clear unzoned ewhedral 
crystals, 200-50 um in length and often containing many 
randomly orientated acicular inclusions together with ir- 
regularly shaped fluid inclusions. These crystals all have 
very low spontaneous fission-track densities. From the 
perfect, euhedral nature of these zircons, they must be re- 
garded as juvenile crystals, primary to the eruption of the 
enclosing pumice. Approximately 5% of the zircons are 
variable in form and much darker in colour. They are light 
brown to red, often strongly zoned and have a very rounded 
form, with no discernible crystal faces or inclusions. Since 
these crystals all have high spontaneous fission-track 
densities, they appear to be old, detrital zircons and there- 
fore they are excluded from the determinations shown in 
Table I. 

Four determinations were carried out on sample FMA 
517. three at Birkbeck College, London, and one at the US 
Geological Survey. Denver, Colorado. One determination 
was carried out on sample ER 74/131 at Birkbeck College. 
The techniques used for dating the zircons in both labora- 
tories are essentially those described by Naeser”, except that 
the tracks were etched in a molten eutectic of KOH and 
NaOH at 220°C for between 60 and 100h (ref. 13). The 
external detector method was used, U spontaneous fission 
tracks being counted in the zircon and U induced fission 
tracks counted in a calibrated external mica detector. 
Neutron irradiations were carefully monitored by counting 
tracks from the NBS standard glass SRM 612, which had 
been calibrated previously against the NBS dosimeter glass 
SRM 962 and a large number of cobalt wire activation mea- 
surements. Using these techniques and a value for the 
817 spontaneous fission decay constant, Ar of 6.85 10°" 
yr (ref. 10) we have obtained ages on standard zircons 
which agree very closely with their independently known 
ages. We believe, therefore, that this value of A; is that 
which is most appropriate to fission-track dating. Fission- 
track ages have been calculated using the equation of 
Fleischer et al... The results of the five determinations are 
shown in Table 1. 

In addition to the dates shown in Table 1, counting of 
three of the detrital grains from FMA 517 by one of us 
(AG) gave dates of 303432, 380262 and 293452 Myr, 





Table 1 Fission-track dating results of two pumice samples from the KBS Tuff, East Rudolf 


(esp Matra etaa: We te nate ARSON PARRA, 


Sample no. Spontaneous tracks Induced tracks Neutron 
and No. No. fluence 
Determination no. No. of zircons counted p,(cm7*) counted p; (em~*) o (nem?) Age (+ lo Myr) 
FMA 517 
(1) AJH 10 47 7.05 x 104 1.428 4.28 10° 2.52 x 1065 2,55 -+0.38 
D 517 
(2) AJH 10 56 7.87 x 104 1,129 3.18 «108 59 x 10* 42 +-0,32 
FMA ae x< l 0 242 + 
JAIWG 6 36 7.09 x 104 802 3.32 x 108 1.81 x10% 2.37+40.41 
FMA 517 E 
(4) CWN 12 22 9.55 x 108 311 2.70 108 Lix 10 . 24140.53 — 
Mean date of FMA 517 2.44 +-0.08 
ER 74/131 aes 
(1) AJH 8 21 1.34 x 10° 411 5.26 10° 1.55 x 19% 


2.43 -+0,55 
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suggesting an age for the detrital component of about 
325 Myr. These results confirm that the pumice blocks had 
been contaminated by older zircons, possibly during erup- 
tion, or by the penetration of detrital grains into the pumice 
vesicles, during transportation or on deposition. During the 
fission-track dating procedure this inherited component can 
be identified easily by the morphology and high track 
density of these particular zircons. For this reason, it is 
quite certain that none of these olkler crystals has been 
included in the dating of the primary zircons. 

The mean of the four determinations on FMA 517 is 
2.44 +0.08 Myr and this cannot be distinguished from the 
single determination of 2.43+0.55 Myr for ER 74/131. 
These dating results provide strong evidence that the prim- 
ary zircon component in pumice samples from the KBS 
Tuff in Area 131 has an age close to 2.44 Myr. This may 
be taken also as the age of eruption and deposition of the 
KBS Tuff, provided the zircon dates have not been reset by 
some later event and provided the dated pumices are of the 
same age as the surrounding tuffaceous matrix. Extrapola- 
tion of laboratory annealing studies'’:'® indicates that fission 
tracks in zircon should be stable over a period of 3 Myr at 
temperatures up to at least 300°C. It is highly unhkely, 
therefore, that the zircon fission-track dates have been reset 
by any later thermal events. 

Curtis et ai.” report that sample ER 74/131 has a K-Ar 
apparent age of 1.82+0.04 Myr whereas Fitch er al.’ inter- 
pret a “Ar/Ar age spectrum on FMA 517 as indicating an 


mates of the age of the KBS Tuff, it has been suggested that 
pumice of more than one age may be present in this 
horizon". Our limited data do not support this conclusion. 
The pumice samples ER 74/131 and FMA S517 dated in 
this study give virtually identical fission-track results of 
~2.44 Myr, suggesting that these two samples of pumice 
cobbles are of the same age. 
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Conclusion 

The mean zircon fission-track date of 2.44+0.08 Myr 
provides a close estimate of the age of the eruption of the 
pumice samples collected from the KRS Tuff in Area 131. 
These fission-track results are also consistent with the 
palaecomagnetic stratigraphy established by Brock and 
Isaac on the basis of the original 2.61-Myr date® for the 
KBS Tuff. From consideration of the data currently avail- 
able, the date of 2.44 +0.08 Myr probably represents a close 
estimate of the age of eruption and deposition of the KBS 
Tuff. 

We thank the members and field assistants of the East 
Rudolf Research Project, R. E. F. Leakey and the National 
Museums of Kenya, the US Geological Survey, the NERC, 
and the SRC, Birkbeck College and the Central Research 
Fund, University of London for help and support. The 
support of a Commonwealth Scientific and Industrial 
Research Organisation Postdoctoral Studentship awarded to 
A.G. is acknowledged. 


Received April 5; accepted September 2, 1976. 


Leakey. R. E. F., Nature, 242, 170-173 (1973). 
Isaac, G. LL, Leakey, R. E. F., and Behrensmeyer, A. K., Science, 173, 1129 
1971 


( }. 

Maglio, V. L, Nature, 239, 379-385 (1972). 

Fitch, F. J.. Findlater, I. C., Watkins, R. T., and Miller, J. A., Nature, 251, 
213-215 (1974). 

Fitch, F. J., and Miller, J. A.. imn Stratigraphy. Palaeoecelogy and Evolution in 
the Lake Rudolf Basin (edit. by Coppens. Y., Isaac, G. LI, and Howell, F. Co, 
(University of Chicago Press, Chicago, 1975), 

> Fitch, F. J., and Miller, J. A., Nature, 226, 226-228 (1970), 


Fitch, F. J., Hooker, P. J., and Miller, J. A., Nature, 263, 740-744 (1976). 


6 
7 
8 Curtis, G., H., World Archaeol., 7, 198-208 (1975). 
$ Curtis, G. H., Drake, R. F., Cerling, T. E., Cerling, B, L.. and Hampel, J. H., 
Nature, 258, 395—398 (1975). 
10 Fleischer, R. L., Price, P. B., and Walker, R. M., Nuclear Tracks in Solids (U mi- 
versity of California Press, 1975). 
it Naeser, C, W., Izet, G. A. and Wilcox, R. E., Geology, 1, 187-189 C1973). 
i2 Naeser, C. W., Science, 165, 388 (1969). 
13 Gleadow, A. J. W., Hurford, A. J., and Quaife, R.. Earth planet. Sci. Lett. 
{in the press). 
14 Fleischer, R. L., Price, P. B., and Walker, R. M., J. geophys. Res., 70, 1497-1502 
(1965 


} 

13 Fleischer, R. L.. and Price, P. B., Phys. Rev., 133, B6364 (1964), 

16 Krishnaswami, S.. Lal, D., and Prabhu, N., Earth planer. Sci. Lett., 22, 51-59 
(1974), 

'? Brock, A. and Isaac, G. LI, Nature, 247, 344-348 (1974). 


Pa m 


Şa t 


te 





“Ar/’Ar dating of the KBS Tuff in Koobi Fora 
Formation, East Rudolf, Kenya 


F. J. Fitch 


Department of Geology, Birkbeck College, University of London, 7/15 Gresse Street, London WIP IPA, UK 


P. J. Hooker & J. A. Miller 


pi 


Arj “Ar and conventional K-Ar age determinations 
on volcanic sanidine~anorthoclase crystal concentrates 
from pumice lumps contained within the KBS Tuff in 
the Koobi Fora Formation at East Rudolf indicate an 
apparent age near 2.42 Myr. Recomputation of data 
obtained in 1969 from this tuff suggests a more accurate 
apparent isochron age of 2.42+0.01 Myr for the 
feldspar, coincident with total fusion conventional 
K-Ar and “Ar/’ Ar dates of ~ 2.4 Myr from the same 
sample. Age spectra and total fusion dates obtained 
from other samples of the KBS Tuff confirm this 
conclusion. Thus, apparent ages of < 2.4 Myr derived 
from some of our samples and conventional total fusion 
K-Ar apparent ages in the range 1.6-1.8 Myr obtained 
from the KBS Tuff by other workers are regarded as 
discrepant, and may have been obtained from samples 
affected by argon loss. This latter conclusion is com- 
patible with our ,sector interpretation of the age 
spectrum analyses of KBS pumice feldspars. Argument 
for there being more than one tuff complex or an 
admixture of older pumice in the KBS Tuff is not 
supported by our work. 


Department of Geodesy and Geophysics, University of Cambridge, Madingley Rise, Madingley Road, Cambridge CB3 0EZ, UK 


CONTROVERSY over the age of the KBS Tuff in the Koobi 
Fora Formation of the East Rudolf sedimentary basin of 
northern Kenya has arisen very largely from apparently 
conflicting evidence derived from the different approaches 
to the measurement of geological time. Exploration of the 
basin in 1968 and 1969 led to the identification of the 
KBS Tuff and an overlying unconformity”. Samples were 
collected then from an outcrop of this tuff in Area 105, 
East Rudolf and forwarded to Cambridge for dating’, It 
is now known that the KBS Tuff was deposited by a 
major river entering Lake Turkana (formerly Lake Rudolf) 
from the north-east, and numerous lines of evidence 
suggest that the time between eruption and deposition was 
negligible’"*. Exploratory conventional K-Ar dating in 1969 
revealed the presence of detrital impurities in the vitric 
tuff sample that made its apparent ages discrepantly high 
(> 200 Myr). It was immediately clear that unless con- 
tamination-free fractions could be found the East Rudolf 
tuffs would not produce satisfactory samples for geo- 
chronometric analysis. Attention was concentrated, there- 
fore, on pumice samples and on a large clean sample of 
voleanic feldspar extracted from pumice in the field. These 
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samples were carefully prepared in the laboratory to avoid 
contamination and analysed by the conventional K-Ar 
total fusion method and by the then new “Ar/*Ar total 
fusion and age spectrum methods". Developments in the 
analytical techniques of “°Ar/*Ar dating since then" 
enable tecomputation of the results obtained, using, in 


40Ar PSAr 


> 350 


1300 1400 1500 1600 
39 Ar/6Ar 


Fig. 1 Isochron diagram for the plateau sector of age spectrum 

No. 1 (Fig. 1 of ref. 4) of subsample Leakey HB2 (d). Apparent 

age of isochron is 2.42 + 0.01 Myr; intercept value on *Ar/**Ar 
axis is 294, 


addition, a more accurate value for the constant of pro- 
portionality (J) used in the 1969 experiments. These revised 
data are listed in Table | along with the total fusion K-Ar 
ages obtained from other subsamples of sample Leakey I for 
comparison. 


Detrital contamination 


In all K-Ar dating, some argon loss must be suspected in 
total fusion results until disproved. In addition, small 
contamination errors may be present in our total rock 
pumice samples even though they were selected from the 
cores of well-washed larger lumps. The concentrates of 
volcanic feldspar sent to the UK in 1969 consisted of a 
small number of large (up to 7mm average diameter) 
euhedral sanidine~anorthoclase crystals and a greater 
quantity of small (1.0-5.0 mm average diameter) euhedral 
feldspar crystals and aggregates containing aegerine—augite 
and/or iron ore as well as feldspar. A number of different 
(unequal) subsamples were selected from this feldspar con. 
centrate for dating, so that the presence of any ‘detrital’ 
contaminent would be revealed by variation in their 
apparent ages. The largest, most euhedral feldspars, were 
hand-picked for *Ar/*Ar age spectrum analysis No. H. 
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Five further subsamples, each consisting of smaller feld- © 
spars free from pyroxene and iron ore, were prepared and 
three of these were subsequently used for total fusion 
*Ar/"Ar and total fusion conventional K-Ar dating. 
The virtual coincidence of the apparent ages obtained 
from determinations made by different methods on four 
different subsamples of the feldspar concentrate Leakey 
1/B2 suggests that this concentrate does not suffer from 
significant detrital contamination. Error attributable to 
variable but very minor argon loss remains, however, and 
this is confirmed by the shape of the age spectrum. Thus, 


the best minimum age for the KBS Tuff currently available — | 


from this sample is 2.42+0.01 Myr (revised apparent 
isochron age of plateau sector of age spectrum No. I). 


Argon loss 

During the period 1971-73 further samples were collected 
from the KBS Tuff at various localities in the East Rudolf 
basin by I. C. Findlater. Each of the samples was a cleaned 
and acid-washed feldspar crystal concentrate extracted from 
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Fig, 2 Correlation diagram plot of total fusion PAr/PAr age 

determination data obtained from feldspar concentrates 

separated from KBS pumice, East Rudolf, Kenya. Arj Ar 

values are normalised to a constant J. See text. The straight line 
is the 2.4-Myr isochron envelope. 


pumice by hand picking only the most obviously juvenile 
crystals from sawn slabs of pumice beneath a binocular 
microscope. The results of twelve total fusion and six age- 
spectrum “Ar/*Ar age determinations on these KBS feld- 
spar samples were briefly summarised at a symposium held 
in Nairobi in 1973". The apparent ages obtained from — 
samples from Areas 10, 130, 131 and 105 show a scatter: 
between 0.5 and 2.4 Myr. The available “Ar/"Ar total. 


fusion data from the KBS Tuff pumice feldspars is plotted 


as a correlation diagram in Fig. 2. 
Because of the care taken in their preparation, and by 
analogy with the data obtained from the various Leakey 


areia 


Table 1 Conventional K-Ar, new and revised **Ar/®Ar dating results from sample Leakey T, KBS Tuff, Area 105, East Rudolf, Kenya 
(Q = 0.15152 GG2 muscovite monitor) 


Total fusion 


K-Ar dates (Myr) 

Leakey I/BI 3.63 + 2.1* 

four pumice cores, total rock 2.40 + 1.0 
Leakey 1/B2 (a) 2.38 + 0.3 

feldspar crystal 

concentrate (b) 2.37 + 0.3 

(six independent 

subsamples: a-f). 


~ 
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Ar Ar age 
spectrum dates 


Total fusion 
*Ar/%*Ar dates (Myr) 
3.12 + 1.1*ł 


miu a 


2.26 + 0.5F 
(c) 2.39 + 0,37 (7) 2.42 + 0.01 Myr. 
Four point plateau sector 
analysis of age spectrum No. | 
(see Fig. 1) . 








*Contamination may have been present in these two pumice total rock samples, but in view of the large experimental errors inherent in their 


analysis, this cannot be regarded as proven. 
tRevision of previously published data. 
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Fig. 3 *°Ar/**Ar age spectrum of KBS pumice feldspar sample 

FMA 274, Area 10, East Rudolf. The two plateau sectors of the 

spectrum have apparent ages of 1.94 Myr and 2.46 Myr 
respectively. 


1/B2 feldspar crystal subsamples, the results are very 
unlikely to be marred by contamination. The scatter of 
apparent ages obtained must be explained, therefore, by 
the loss of varying amounts of Ar from the feldspars. If 
-it is accepted that contamination is not significant in these 
samples, then a minimum age of 2.4 Myr for the KBS Tuff 
is indicated assuming an intercept value of 296 on the 
PATAT axis. 

High temperature volcanic sanidine-anorthoclases are 
highly unstable minerals with aluminium and alkali atoms 
at random sites in the lattice. During subsequent changes 
of state towards more ordered low temperature forms of 
greater stability, significant losses of Ar may result. If these 
order—disorder processes are accentuated at any time by 
periods of thermal or hydrothermal activity, then related 
Ar loss may be identifiable in the K-Ar age patterns of 
samples of these feldspars. We believe that the complexities 
of some of the age spectra we have obtained from KBS 
feldspar samples can thus be explained and may even be 
resolvable” ”, 


Age spectra 

Complex age spectra from four samples of KBS pumice 
feldspar from Area 130, East Rudolf (FMA 201, 206, 225, 
227) provide strong evidence of K-Ar age discrepancy’, 
which we attribute to argon loss. Two major age com- 
ponents can be recognised in the four age spectra: one 
apparently at 1.75-1.8 Myr and another apparently at 
~ 1.07 Myr. When the data defining these sectors are 
plotted on correlation diagrams, regression line intercept 
values considerably less than 296 are obtained on the *°Ar/ 
Ar axis, thus giving further support to the overprinting 
hypothesis ™™, Similarly it can be suggested that at least 
two age sectors, ~ 1.9 Myr and 1.02 Myr are present in the 
complex age spectrum obtained from a further sample 
(FMA 294) of KBS pumice feldspar from Area 105. Such 
suggestions are not, however, conclusive. 

An age spectrum obtained from a sample of clean, 
detritus-free KBS pumice feldspar (FMA 274) from Area 
10, East Rudolf is, however, particularly instructive. Two 
aspects of the data from this sample are illustrated in 
Figs 3 and 4. The age spectrum (Fig. 3) is seen to have 
two short plateau segments apparently ~1.94 Myr and 
2.46 Myr respectively. This type of double plateau age 
spectrum might be interpreted as suggesting either partial 
overprinting at 1.94 Myr of feldspar originally 2.46 Myr old, 
or the presence of contamination, but when the data are 
examined on a correlation diagram (Fig. 4) it is seen that 
another interpretation is possible: two slightly different 
feldspar components of unlike initial argon composition 
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but of identical apparent age are present, one having a 
regression age of 2.39+0.01 Myr (intercept value, 297) the 
other 2.42+0.03 Myr (intercept value, 272). The difference 
in intercept value between these two age components could 
result from one being accessory feldspar outgassed during 
the eruptive event of 2.4 Myr ago, whereas the other is of 
entirely juvenile origin. We feel that the data from sample 
FMA 274 provide strong additional evidence for a 2.4-Myr 
age for the KBS Tuff. Thus, our dating of samples of KBS 
pumice feldspar from other localities at East Rudolf 
seems to confirm the minimum age of 2.42 Myr derived 
from sample Leakey I and to suggest that discrepancies 


may be important in many KBS samples (see also the data 
from sample FMA 517, discussed below), 


Opposition to our dating 

Over the past five years, opposition to the acceptance of 
a ~2.5-Myr age for the KBS Tuff has come from three 
sources: first, archaeologists and palaeoanthropologists 
disturbed by the consequent antiquity of hominid fossils 
and stone tools found close to or associated with the KBS 
Tuff, second, palaeontologists reporting apparent misfits 
between the faunal sequences at East Rudolf and else- 
where, and third, from a small programme of conventional 
total fusion K-Ar age determinations on East Rudolf 
pumice samples undertaken at Berkeley’. We believe 
that the attempts at biostratigraphic and archaeological 
correlation so far made have been premature and con- 
fidently expect the problems raised by these workers” to 
disappear as more accurate faunal lists and local time scales 
are produced. The inconsistencies that have arisen from 
the application of different K-Ar dating techniques to 
samples of the same tuff do, however, require further 
comment now. 

At present, the KBS Tuff is the only tuff in the East 
Rudolf succession whose apparent age is controversial. For 
example, from an extensive combination of total fusion 
and age spectrum “Ar/*Ar age determinations, we estimate 
the best age of the Chari/Karari Tuff level at East Rudolf 
to be 1.32+0.05 Myr (ref. 6). This particular age was an 
isochron determination derived from a pumice sanidine 
sample which we would regard as ideal K-Ar dating 
material, totally free from either initial argon or argon 
loss discrepancies. It is instructive that identical ages have 
been obtained for the Chari and Karari Tuffs by conven- 
tional K-Ar dating at Berkeley (G. H. Curtis, personal 
communication) and similarly from Omo Tuff KNW2, 


Fig. 4 Correlation diagram obtained from age spectrum ana- 
lysis of KBS pumice feldspar sample FMA 274. Two distinct 
components seem to be present with regression line ages of 
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Fig. 5 *Ar/Ar age spectrum of KBS pumice feldspar sample 
FMA 517, area 131, East Rudolf (same locality as Berkeley 
samples ER74~-131). The age spectrum has a ‘peak’ age of 
7.47 + 0.6 Myr then declines through a ‘flat’ at ~~ 1.8 Myr. 


which is thought by Brown’ to be the lateral equivalent 
of the Chari/Karari level in southern Ethiopia. Thus, it 1s 
clear that the inconsistencies between conventional K-Ar 
and “Ar/*Ar dating of the KBS Tuff most likely arise 
from some inherent characteristics of the samples rather 
than differences in the dating methods used. 

Conventional K—Ar dates of feldspars from the KBS Tuff 
quoted by Curtis er al.” scatter between 6.90+0.05 Myr and 
1.50+0.02 Myr. Clearly, detrital contamination was present 
in some of the Berkeley dating samples prepared by heavy 
liquid concentration alone, but, the subsequent recognition 
of a number of yellow; rounded, and thus probably detrital, 
grains in the unused portion of a dated sample does not 
necessarily prove that any detrital grains were present in 
the small aliquot of the sample actually used for the argon 
analysis. Thus, it is still possible that some of the apparent 
ages between 1.85 Myr and 2.4 Myr rejected by Curtis et al. 
may result, at least in part, from the presence of a non- 
detrital 2.4-Myr-old component. 


Comparison 


Data obtained at Cambridge from the ““Ar/**Ar age spec- 
trum analysis of KBS pumice feldspar sample FMA 517, 
collected from the same locality in Area 131, East Rudolf as 
Berkeley samples ER74-131 are presented in Figs 5 and 6. 
The mean of six conventional total fusion K-Ar ages on 
undoubtedly detritus-free pumice feldspar and glass fractions 


Fig. 6 Correlation diagram obtained from age spectrum 

analysis of KBS pumice feldspar sample FMA 517. Two age 

components seem to be present. The age of the older (a) cannot 

be defined more closely than the rather imprecise ‘peak’ age of 

2.47 + 0.6 Myr., but the younger (b) has a regression age of 
1.91 + 0.03 Myr (intercept value, 285). 
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of the samples ER74-131 carried out at Berkeley was « 
1.82+0.04 Myr. This age is regarded by Curtis ef al. as a 
good estimate for the date of eruption of the KBS Tuff 
in Area 131, whereas, from our experience we would inter- 
pret it as being the date of total argon loss, affecting glass 
and feldspar crystals alike. Unfortunately, the results of the 
analysis of sample FMA 517 are not absolutely conclusive. 
The age spectrum (Fig. 5) contains a ‘peak’ apparent age 
of 2.47+0.6 Myr, but at later steps the apparent age curve 
declines to a ‘flat? apparently close to 1.8 Myr. On the 
correlation diagram (Fig. 6) the data fall into two groups: 
the younger of the two age components has an apparent 
age of 1.91+0.03 Myr (with an intercept value of 285, sug- 
gestive of overprinting). Because insufficient data are avail- 
able, the apparent age of the older component cannot be 
estimated with any more precision than was given to it by 
the peak on the age spectrum. The major feldspar com- 
ponent in sample FMA 517 clearly has an apparent age of 
1.91+0.03 Myr. 

The six total fusion K-Ar ages obtained at Berkeley, the 
apparent age of the lower sector of the age spectrum, and 
a total fusion ““Ar/*Ar apparent age of 1.72+0.11 Myr 
obtained from another subsample of pumice feldspar 
FMA 517 at Cambridge, must be regarded as less precise 
estimates of the age of this component, because they un- 
doubtedly contain an uncorrected initial argon discrepancy 
and, in the case of the total fusion dates, a variable con- 
tribution from the older feldspar component. 


Conclusion 


By analogy with our other work on the KBS Tuff, we 
believe that in Area 131 the older feldspar age component 
represents the true age of crystallisation and the dominant 
younger component defines no more than the age of a 
widespread overprinting event, but there is nothing in the 
available K-Ar and “Ar/*Ar data that makes this inter- 
pretation unique. 

In these circumstances we must await confirmation from 
further work on samples from Area 131, especially work 
using methods of estimating geological time which are inde- 
pendent of the K-Ar dating technique. At East Rudolf, 
palaeomagnetic reversal chronology’®”, and fission track 
dating™ ™ are the methods most likely to resolve this corn- 
troversy. 

One further conclusion appears inescapable: as multiple 
age component systems and age components with apparent 
initial Ar isotope ratios unlike the modern atmosphere ratio 
are present amongst the pumice feldspar samples from the 
KBS Tuff, variation in the total fusion K-Ar or “Ar/"Ar 
apparent ages of samples from different localities is to be 
expected. Thus the conventional total fusion K-Ar dating 
evidence at present available cannot be used either to con- 
firm or to deny the presence of more than one tuff or 
pumice population at the KRS level. [It is our opinion, 
however, that the balance of evidence from a combination 
of the currently available K-Ar and “Ar/"Ar work strongly 
suggests that only one tuff complex is present, it was 
deposited within a short interval in all areas, it contains one 
dominant pumice generation and this pumice is 2.42 Myr 
old. 


Received April S: accepted August 27, 1976. 


! Leakey, R, E, F., Nature, 226, 223~224 (1970), 
2 Behrensmeyer, A. K., Nature, 226, 225-226 (1970). 
3 Bowen, B, E. and Vondra, C. F., Nature, 242, 391~393 (1973). 
4 Fitch, F. Jand Miller, J. A., Nature, 226, 226-228 (1970). 
* Fitch, F. Jan Findlater, 1. C., Watkins, R. T., and Miller, L A. Mature, 251, 
213-214 (1974). 
6 Fitch, F. J., Hooker, P. J., and Miller, J. A., in Geological Background ta Fossil 
Man (edit. by Bishop, W, W.), (Geel. Soc. Lond.. in the press). 
? Findlater, L C., thesis, Univ. London (1976), 
g kenai Miller, J. A., and Grasty, R. L., Earth planer. Sei, Letr., 1, 1535-157 
9 Mitchell, J. A., Geochim, casmachim. Acta, 32,781 -790 965}. 
10 Dunham, K. C., Fitch, F. J., Ineson, P, R., Miller, J. A., and Mitchell, J. Gu. 
_ Proc. R. Soc., A307, 251 ~266 (1968). 
11 Fitch, F. J., Miller, J. A., and Mitchell, J G., in Time and Place in Orogeny 
(edit. by Kent, P. E.. Satterthwaite, G. E., and Spencer, A. ML), 197-196 
(Geol. Soc. Lond., 1969), . 








744 


12 Brereton, R. N., Geophys. J. E asir, Soc., 27, 44947R (1972). 
z3 Fitch, F. J., and Mill er, J. A, in Symposium on Granites, Gneisses and related 
racks (edit. by Lister, L; ni }, 219-225 (Geological Society of South Africa, 


). 
4 Eich: R J., Forster, S. C., and Miller, J. A., Rep. Prog. Phys., 37, 1433-1496 


(19 

15 Fitch, Pa J., and Miller, J. A., in Earliest Man and Environments in the Rudolf 
Basin: Stratigraphy, Palaeoecology and Evolution (edit. by Coppens, Y., 
Howell, F, C., Isaac, G. LL, and Leakey, R. E. F), (University of Chicago 
Press, C hicago, 1975), 

16 Berger, G. W. , Earth plant. Sci. Lett., 16, 387-408 (1975). 

17 Fitch, F.J., Hooker, P, d. and Miller, J. "A., Geol. Mag., 113, 1~10 (1976). 

1s Mellor, D. W., and Mussett, A. E., Earth janet. Sci. Lett., 26, 312-318 C1978). 

19 Curtis, C. H. in Geological Backgroun to Fossil Man (edit. by[Bishop, W. W.), 
(Geol. Soc. Lond., in the press). 

20 Curtis, G. H., World Archaeol., Ts oe 

21 Curtis, G. H., Drake, , Cerling, T, E., Cerling, B. L., and Hampel, J. H., 
Nature, 258, 495-968 01978) 





Nature Vol. 263 October 28 1976 


22 Maglio, V. J., Nature, 239, 379-383 (1972). 

23 Cooke, H. a 'S. and Maglio, Vv. : «in Calibration of Hominoid Evolution, (edit. by 
ion . W., and Miller, J. A.), 303-329 (Scottish Academic, Edinburgh, 

24 Brown, F. H., in Geological Background to Fossil Man (edit. by Bishop, W. W), 
(Geol, Sac. "Lond., in the press). 

25 Brown, F. H., in Earliest Man and Environments in the Rudolf Basin: Strati- 
graphy, Palaeoecology and AT {edit. by Coppens, Y., Howell, F. C., 
1s. G. Li, and Leakey, R. E. F), (University of Chicago Press, Chicago, 

26 Brock, A., and Isaac, G. LI, Nature, 247, 344-347 (1974). 

27 Brock, A., and Isaac, G. LL, in Earliest Man and Environments in the Rudolf 
Basin: Stratigraphy. Palaeoecology and E eee fedit. by Coppens, Y., 
Howell, F. C., Isaac, G. LL, and Leakey, R. E. F} (University of Chicago 
Press, Chicago. 1975}, 

28 Hurford, A. J., Nature, 247, 236~237 (1974). 

29 Hurford, A. J., Gleadow, Ac. and Naeser, C., Nature, 263, 738-740 (1976), 








Cloned synthetic /ac operator DNA 


is biologically active 
K. J. Marians & R. Wu* 


Section of Biochemistry, Molecular and Cell Biology, Cornell University, Ithaca, New York 14853 


J. Stawinski, T. Hozumi & S. A. Narang 


Division of Biological Sciences, National Research Council of Canada, Ottawa, Canada KIA OR6 





A chemically synthesised duplex DNA fragment con- 
taining the sequence of the lac operator was cloned in 
E. coli using the vehicle pMBY. Clones containing lac- 
pMB9 hybrid DNA produced B-galactosidase constitu- 
tively and the hybrid DNA bound the lac repressor 
specifically. 


Tue nucleotide sequence of the laec operator has been determined 
by Gilbert and Maxam. We have synthesised chemically an 
oligonucleotide duplex, 21 nucleotides long and containing the 
sequence of the /ac operator, and have shown that it binds the 
lac repressor specifically*. Here, we report the enzymatic joining 
of a synthetic lac operator fragment with protuding 5’ pA~A-T-— 
T sequences (Fig. 1) directly to EcoRI endonuclease-cut pMB9 
DNA®*. After transformation, clones containing hybrid lac- 
PMB9 DNA expressed the biological activity in vive of the 
chemically synthesised /ac operator by producing B-galactosidase 
constitutively. Furthermore, the /ac operator DNA reisolated 
from the hybrid DNA by cleavage with the EcoRI restriction 
enzyme’ showed specific and strong binding to the Jac repressor. 
The reisolated /ac operator DNA with protruding 5’ pA~A~T-T 
sequences can be joined by T4 polynucleotide ligase to produce 
multi-operator fragments of up to 18 copies of the /ac operator 
in tandem. Some of the multiple operators were ligated with 
EcoRI endonuclease-cut pMB9 DNA, and hybrid DNA with 
two copies of the lac operator was isolated. 

In addition to the specific method reported here, a more 
general approach for inserting any even-ended DNA fragment 
into plasmid DNA has been developed. In this approach", a 
chemically synthesised decanucleotide duplex containing 
Bami restriction endonuclease® recognition sequence is joined 
to an even-ended /ac operator DNA duplex? by T4 polynucleo- 
tide ligase (ref.6). Digestion of the ligated product with 
the Bam] endonuclease generated the protruding 5° pG-A~T-C 
sequence. This molecule was then joined to the Baml endo- 
nuclease-cut pMB9 DNA. Details of these results will be 
reported elsewhere’, 


* To whom correspondence should be sent 


Characterisation and 
analysis of hybrid plasmids 


Results in Table 1 show that clones 50, 67 and 162 produced 
large amounts of B-galactosidase and that the DNA isolated 
from these clones bound the /ac repressor extensively. The 
DNA from pMB9 plasmid and the three clones which produced 
very low levels of B-galactosidase all showed essentially no 
binding. The DNA from clones 67 and 162 was further 
examined by digesting the samples with EcoRI enzyme and 
carrying out electrophoresis using a 3%:15% polyacrylamide 
step gel. To detect Jac operator-size small DNA fragments, 
the digest was labelled by repair synthesis’ at the cohesive 
ends with DNA polymerase I and a-**P-dATP. Figure 2 
shows that the plasmid-size linear DNA band is clearly present 
in all cases. However, digests of the DNA from clones 67 and 
162 also show an operator-size DNA fragment in the lower por- 
tion of the gel. The ratio of counts in the operator fragment to 
the plasmid DNA was nearly 1:1 for clones 67 and 162, 
indicating that only one copy of the /ac operator had been 
inserted per plasmid. This was explored further by partially 
digesting the hybrid plasmids with the EcoRI enzyme followed 
by labelling, using repair synthesis (Fig. 3). Even though partial 
digestion products of the plasmid DNA can be seen, only one 
operator-size species is present in all cases, If multiple operator 
species were present, one would expect to see one or more 
bands above that of the /ac operator DNA in the 15% gel. 
The small fragment was shown to be lac operator DNA on 
elution from the gels and testing its binding to the /ac repressor. 
The results are shown in Table 1b. Each fragment tested gave 
excellent binding with the /ac repressor. Since only the centre 
21 nucleotides out of the completely repaired 31-nucleotide- 
long duplex had the correct sequence for the natural lac 
operator, the nucleotide sequences beyond the central 21-nucleo- 
tide sequence were not needed for the recognition by the lac 
repressor?. In fact, wrong sequence beyond the central 21 
nucleotides did not seem to interfere with the repressor binding. 

The structure of the operator fragments was corfirmed by 
determining their nucleotide sequence. Operator fragment was 
labelled at the 3’-ends with pA”? pA by partially repairing 
the protruding 5‘pA-A-T-T ends using DNA polymerase I 
and a-®2P-dATP. The resulting 29-nucleotide-long strands were 
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separated by gel electrophoresis (Fig. 4). The sequence of each 
strand was then determined using a partial pancreatic DNase 
digestion followed by two-dimensional electrophoresis-homo- 
chromatography**. Figure 5a and b shows the sequences 
5s. |. A-G-C-G-G-A-T-A-A-C-A-A-T-T-G-**pA™pA 








745 


and 5 T-T-A-T-C-C-G-C-T-C-A-C-A-A-T-T-G- * 
32pA?2pA, respectively. Written in the duplex form, these 
sequences overlap by nine nucleotides which confirm the 
expected sequence of the two 27-nucleotide-long single strands 
as shown in Fig. 1b. 


Il mer (I) 15 mer (II) 
5! A-A-T-T-C-A-A-T-T-G-T-G-A-G-C-G-G-A-T~-A-A-C-A-A-T-T a 
4 3' T-T-A-A-C-A-C-T-C-G-C-C-T-A-T-T-G-T-T-A-A-C-T-T-A-A 5' 
15 mer (III) 11 mer (I} 
lac operator sequence: 
Polymerase I at O °C 
a~- `P dGTP 
5! A-A-T-T-C G 3) 
b 3: G C-T-T-A-A 5' 
lac operator sequence 
EcoRI 
endonuclease 
pMB9 linear T, polynucleotide 
DNA = »MB9 DNA i y ligase 


Hybrid lac - pMB9 DNA 


Fig. 1 Joining of the chemically synthesised lac operator duplex with protruding 5° A-A-T-T sequence with EcoRI endonuclease-cut 
pMB9 DNA. The three oligonucleotides used to make the duplex fragment (structure a) were synthesised by the modified phosphotriester 
method" ~44 and are indicated by the dotted lines. Enzymatic joining of the oligonucleotides was carried out with T4 polynucleotide ligase* 
and the duplex fragment was separated from the single-stranded oligonucleotides by elution from a Sephadex G-75 column with 0.1 M 
NaCl. The duplex (underlined with solid line) was synthesised so that the recognition sequence of the EcoRI restriction endonuclease was 
present at both ends. Before joining the fragment with pMB9 DNA it was necessary to incorporate one dGMP residue into each of the single- 
stranded ends to produce structure b. This /ac operator duplex with protruding 5’ A-A-T-T sequence (1 pmol) was joined to pMB9 DNA 
(0.3 pmol) which had been made linear by digestion with EcoRI endonuclease. Ligation reaction was at 12.5 °C for 20 h. The resulting 
hybrid lac-pMB9 DNA was used to transform 3 x 10° competent £. coli HB129 cells? as follows: The DNA and recipient cells were mixed 








together and incubated at 0 °C for 30 min. The temperature of the mixture was raised to 42 °C for 2 min and then chilled to facilitate 
uptake of the DNA by the cells. Nine volumes of prewarmed L-broth were added and the cells allowed to recover at 37 °C for 2 b. One 
volume of L-broth supplemented with 10 pg mi~? of tetracycline was then added. After an additional 30 min at 37 °C the tetracycline 
concentration was brought up to a final level of 20 ug ml ~. This cell suspension was used to inoculate 100 ml of M9 medium for the isola- 
tion of a larger amount of plasmid DNA. This plasmid DNA (30 ug) which contained some hybrid /ac-pMB9 DNA was enriched for 
lac sequences by binding it to the /ac repressor (4.5 ug) on a Millipore filter, and eluting it with 1 ml of | mM isopropy! thiogalactoside 
(IPTG). This DNA (6° of the input), enriched for Jac sequences, was used for a subsequent transformation on nutrient agar plates con- 
taining 20 pg mi~ of tetracycline. The frequency of transformation was 6.4 x 10~4 transformants per ug per DNA per viable cell whereas 
in the same conditions native pMB9 gave a frequency of 1.8 x 1077, 
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Table 1 Lac repressor binding 
a Clone ß-Galactosidase Binding (%4) b Clone Binding (%) 


level 
44 Low 0 67 28 
50 High 70 162 31 
67 High 72 
84 Low 4 
114 Low 3 
162 High 60 
pMB9 Low 0 


Lac repressor binding of hybrid /ac-pMB9 plasmids and isolated 
operator fragments. All /ac repressor binding assays were performed 
in 100 pl of binding buffer? containing 1.3 pg of Hindli + IH 
digested AplacS DNA (40 fmol /ac operator), radioactive DNA 
sample (1-4 fmol) and 200 fmol /ac repressor®. The mixture was left 
at room temperature for 30 min. Triplicate samples of 30 pl each 
were filtered through Millipore HAWP 0.45-um filters and then 
washed: three times with 200 ul of a washing buffer’. | ml of } mM 
IPTG was then passed through the filter and the eluate collected. 
Percentagé binding is defined as the fraction of total input counts 
eluted from the filters with IPTG. 

a, Assay for B-galactosidase level was carried out as follows. 
Plasmid pMB9 is a derivative of plasmid colicin El (ref. 3) and, 
therefore, in the unamplified state, exists in 10-20 copies per cell. 


Because there are only about 10 molecules of /ac repressor per cell, 
clones containing the Jac operator ligated to plasmid pMB9 should 
have all /ac repressor molecules bound to the /ae operator on plasmids, 
leaving the E. coli lac operon derepressed, thus producing B-galacto- 
sidase constitutively. Clones were grown up in Imi L-broth cor- 
taining tetracycline and were screened for B-galactosidase escape 
synthesis. 0.1 ml of the overnight cultures was diluted to 1 mi, and 
the cells were lysed with one drop each of CHC], and 0.1%, sodium 
dodecyl sulphate. O-nitrophenyl-B-p-galactoside (ONPG) was added 
to a final concentration of 0.8 mg mi~. In this qualitative assay”, a 
positive indication of constitutive §-galactosidase production was the 
formation of a yellow colour characteristic of the action of §-galacto- 
sidase on ONPG. Of the 180 clones tested, three showed high levels 
of B-galactosidase synthesis. DNA (1 ug) from six clones (including 
three clones as controls) was labelled by nick translation’* with 
DNA polymerase I (7 units) in 100 pl of a mixture containing 50 mM 
Tris-HCI] (pH 7.9), 50mM KCI 10mM_ dithiothreitol, 10mM 
MgCl, and 8 uM of the four dNTPs (including a-“*P-dGTP, 
1SCimmol~'). After 2h at room temperature, the reaction was 
terminated by ethanol precipitation. Input cpm, in the binding 
assay was between 500 and 1,500 c¢.p.m. Percentage binding had 
been corrected for background, determined by results without the 
addition of the repressor. Background was between 3-694 of the 
total input counts. b, Operator fragment eluted from a gel’ as in 
Fig. 2 was found with the repressor as described earlier’. Input 
¢.p.m. was between 250 and 600 cpm. Percentage binding as shown 
had been corrected for background which was 2-4 °g. 
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* Fig 2 An autoradiograph of gel electrophoresis of hybrid lac- 
eee e n is EcoRI enzyme and labelled by repair © : Clone 
synthesis’, The hybrid /ac~pMB9 DNA was isolated after PMB9 162 | PA 
amplification by the addition of chloramphenicol to the bacterial eal eee < Origin 
culture’. The hybrid plasmid DNA (1 ug) was digested with the : 
EcoRI enzyme in 20 ul of a solution containing 50 mM Tris-HCI] 
PH 7.9, 100 mM Naci, te mM MgCl, and 3 units of the 
enzyme (one unit completely digests | ug of DNA at 37 °C in | @ 
h) at 37 °C for 30 min. The reaction was terminated by chilling a a 
to 0 °C. The cohesive ends generated by the EcoRI enzyme were x 
then repaired by bringing the mixture to a volume of 30 ul 43% 
containing 70 mM KPi(pH 7.0), 10 mM dithiothreitol, 2 pM 915% 
a-**P-dATP and dTTP (110 Ci mmol), and 3 units of DNA 
polymerase I. After 2 h at 0 °C the reaction was terminated by 
the addition of | volume of 1 M Tris-HCI, followed by two 
volumes of ethanol. Samples were electrophoresed on a composite 
slab gel of 3% and 15% polyacrylamide (acrylamide—dis-acryla- 
mide = 20:1) with dimensions of 20*40%*0.3 cm. The 
running buffer was 50 mM Tris-acetate (pH 7.9). Xylene cvanol 
FF (XC) and bromophenol blue (BPB) were used as tracking dyes. 
Electrophoresis was at 150 V for I6 h, 
XC 
~ æ 
Clone 
260 162 67 E 
$ 3° « BPB 
Fise 
Fig. 3 An autoradiograph of gel electrophoresis of hybrid 
plasmids partially digested with the EcoRI endonuclease and 
labelled by repair synthesis. The procedures were the same as 
those given in the legend for Fig. 2, except that | unit of the 
EcoRI enzyme and 3 min of incubation were used. 
Native alkali 
wat ——~ OF gn 
Ging, 
-XC 
2e@ am in 
| LES 
Vise, 
«+ BPB 


Fig. 4 Strand separation of the lae operator duplex. DNA from 
clone 67 was digested with the EcoRI enzyme and labelled by > 
_ partial repair synthesis by DNA polymerase I using only a-32P- 
dATP. This now yields DNA fragments with single-strand length 
of 29 nucleotides. After ethanol precipitation one half the ee 
material was dissolved in standard loading buffer and the other 
half was dissolved in 0.3 N NaOH-10° glycerol. Bromophenol 
blue and xylene cyanol FF were added to the alkali sample just 
before loading on a 20™40™0.3-cm 3°%%:15% step gel of 
polyacrylmide (acrylamide—b/s-acrylamide ~ 20:1). The gel 
was run in Tris-borate buffer (pH 8.3) at 400 V. Two distinct i 
bands corresponding to’ the separate strands of the /ac operator 
fragment can be seen in the slot containing the alkali sample. 
This.can be compared with the mobility of the native fragment 
which is in the other slot. These bands were eluted and used for 3 
sequence analysis as described in the text. pms 4 — BPB 
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Fig. 5a and b, Autoradiographs 
of two-dimensional electropho- 
resis-homochromatography of 
partial DNase digests of the 
separated strands of the Jac 
operator fragment _ reisolated 
from hybrid plasmid DNA as in 
the legend for Fig. 2 and 4. The 
sequences were deducted by the 
quantitative mobility-shift ana- 
lysis®. The sequence of 17 
nucleotides from one strand and 
19 nucleotides from the other 
strand overlaps by 9 nucleotides 
to give the sequence of the two 29- 
nucleotide-long single strands 


which confirms that 27-nucleo- 
tide long sequence as shown in 
Fig. 16 
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Fig. 6 An autoradiograph of gel 
electrophoresis of polymeric lac 
operators. Cloned /ac operator 
fragment reisolated from hybrid 
lac~-pMB9 DNA by EcoRI enzyme 
digestion was labelled at the 5° end 
with P and polynucleotide 
kinase’. The fragment was eluted 
from a gel and then joined end- 
to-end with itself (lac operator 
DNA concentration was 130 ng 
ml~?, using T4 polynucleotide 
ligase at 12.5 °C. The reaction 
mixture was analysed on a 10% 
polyacrylamide gel with a 3% 
stacking gel, using 40 mM Tris- 
borate (pH 8.3) electrophoresis 
buffer. When no ligase was used 
(result not shown), only the mono- 
meric operator (band 1) was 
present. The lighter bands in 
between dark bands are presum- 
ably circular oligomeric and 
polymeric lac operators. 


> 


Fig. 7 Characterisation of a plasmid containing two copies of 
the lac operator in tandem. The band corresponding to a dimer 
of the fac operator fragment was eluted from the gel shown in 
Fig. 6. This material was then ligated with EcoRI endonuclease- 
cut pMB9 DNA and used to transform HBI29 cells. B- 
galactosidase constitutive clones were identified by their blue 
colour on X-gal plates. The number of copies of lac operator 
DNA contained in any particular clone was determined by (1) 
partially digesting (ane p) the hybrid plasmid DNA with 
EcoRI endonuclease, and (2) by complete digestion (lane c). 
The digest was then labelled by repair synthesis using a-°*P- 
dATP and DNA polymerase I. The results were analysed 
by electrophoresis on a 20x 400.3 cm 3%: 10% step gel of 
polyacrylamide (acrylamide—bis-acrylamide, 20:1) run in Tris- 
borate buffer. DNA from clone 67 (marked monomer) are 
shown for comparative purposes. For experiments with com- 
plete EcoRI endonuclease digestion, the radioactive DNA 
bands were cut out from the polyacrylamide gel and counted 
for °*P. In the dimeric hybrid, lac.-pMB9 DNA (marked 
dimer), the ratio of counts in the operator fragment (band 1 
in the 10° gel) to the plasmid DNA (the dark band above the 
3% 10% junction) was close to 2:1 (60,000 ¢.p.m:29,500 c.p.m). 
In the monomeric hybrid (marked monomer) the ratio of 
counts was 1:1. 
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Since the yield of jae operator from the /ac-pMB9 hybrid 
is relatively low, it will be necessary to produce a plasmid with 
multiple copies of the /ac operator. To this end, we attempted to 
determine whether the cloned /ac operator fragment can be 
ligated to itself to form polymeric /ac operators before ligation 
to the plasmid DNA. Figure 6 shows that one can clearly 
distinguish on this polyacrylamide gel multi-operator DNA 
bands which contain up to 18 copies of the /ac operator (joined 
together by the protruding sequence 5’pA~A~T-—T). These 
multi-operator DNA molecules appeared to be linear instead 
ofcircular instructureas reflected by the percentage of ?*P counts 
released by treating each DNA band (up to the nonamer) with 
bacterial alkaline phosphatase. A dimeric /ac operator fragment 
has been inserted into plasmid pMB9 (Fig. 7). When the 
hybrid /ac.-pMB9 DNA was partially digested with EcoRI 
endonuclease a monomeric (band 1) and dimeric (band 2) 
lac operator were found. Insertion of oligo-operator DNA 
fragments into the plasmid and the characterisation of these 
hybrid molecules are in progress. 


Potential of this technique 


The technique described here provides a way of producing 
large amounts of homogeneous and biologically active /ac 
operator DNA for physicochemical studies. The first method 
(Fig. 1) can also be used to insert any similarly constructed 
synthetic DNA into a cloning vehicle. The second method 
which involves end-to-end joining of an even-ended DNA to 
a synthetic DNA duplex containing the Bami (or other) 
restriction endonuclease recognition sequence can be used to 
insert any even-ended DNA molecules into a cloning vehicle. 
Our technique serves as an example of a general approach in 
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introducing a lac operator in front of a gene or a group of 
genes, so that the gene can be turned on or off by /ac repressor 
with or without IPTG. 

K. J. M., thanks Kathe Meyerhoff and Joe Calvo for 
guidance in the proper use of the transformation procedure. 
This work was supported by grants from the NIH, the NSF, 
and the National Research Council of Canada. Heyneker 
et al. have independently succeeded in inserting a slightly 
different /ac operator segment into pMB9 plasmid, and their 
work is reported in the accompanying manuscript. 
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Blunt end ligation with an EcoRI! octanucleotide “linker” 
was used to construct a plasmid containing chemically 
synthesised lac operator DNA, This plasmid renders the 
host bacterium constitutive for B-galactosidase. 


Tue specific binding of the lac repressor protein to the lac 
operator, a defined nucleotide sequence in the DNA of 
Escherichia coli, controls the expression of the nearby 
structural genes of the Jac operon’. The nucleotide sequence 
in the region of the lac operator is known’ and recently 
the Jac operator (21 nucleotide base pairs, see Fig. 1) has 
been synthesised by a phosphotriester chemical method‘. 
This chemically synthesised lac operator DNA functions 
in vitro, as evidenced by repressor binding activity’ 

To examine the in vivo properties of a chemically 
synthesised genetic element and to have a convenient con- 


tinuous source of a small /ac operator DNA, the chemically 
synthesised /ac operator was cloned in a bacterial plasmid. 
The scheme which produced an easily clonable operator 
DNA fragment is depicted in Fig. 1. Using blunt end 
ligation by T4 DNA ligase’, a chemically synthesised 
octadeoxyribonuclectide containing the EcoRI endonuclease 
recognition sequence? was joined to the 21-nucleotide lac 
operator sequence. The resulting Rli-operator DNA frag- 
ment was then inserted into the plasmid pMB9 (ref. 9) by 
using the EcoRI cohesive termini and established pro- 
cedures’. The pMB9 plasmid was used because it has one 
EcoRI restriction site, carries a tetracycline resistance gene, 
and can be amplified by chloramphenicol to yield several 
thousand copies per cell®™. 

The covalently joined molecules of lac operator and 
EcoRI substrate which we refer to as the RI-operator 
fragment are totally chemically synthesised DNA molecules. 
The synthesis of -galactosidase is constitutive in cels 


Nature Vol. 263 October 28 1976 
RNA polymerase 


Repressor—~protected DNA 


749 


Met Thr Ile ThrAsp 


Ribosome-protécted RNA 





z mRNA 
CTTTATGCTTCCGGCTCGTATGTIGT GTGBAAT TG i F inl ACAAT TIEACACAIGGAAACAGCTATGACCATGATTACGGAT TCACTGG 
a heii "cia i AITITGTTAAABTGTGTCCTTTGTCGATACTGGTACTAATGCC TAAGTGACC 
-30 -20 -i0 0 10 20 30 40 50 60 
TGAATTCA AATTGT GAG CGGATAACAATT TGAATTCA 
- ACTTAAGT TTAACACTCGCCTATTGTTAA ACTTAAGT 
ce 
~ fe i 
jos 
T4 DNA ligase m U on 
rn. ae 
m x =e 
Te = Frat = 
TGAATTCA AATTGT GAGCGGATAACAATT TGAATTCA a HA 
ACT TAAGT TTAACACTCGCCTAT TGT TAAACTTAAGT Az 3! 
7, = 
* $ 
EcoRI endonuclease £ nA 
TEDIS 
AN $ 


AATTCAAATTGTGAGCGOGATA ACAATTTG 


GT TTAACACTCGCCTAT TGTTAAACTTAA 


carrying the RI-operator-pMB9 plasmid because there are 
about 30 copies of this plasmid per cell in normal growth 
conditions’. The extra operators titrate the 10 to 20 repressor 
molecules per cell’, so the single lac operon in the host 
chromosome is not repressed. Therefore, the experiments 
reported here demonstrate that the genetic constitution of a 
cell can be altered by the incorporation of chemically 
synthesised DNA. 

The technique devised for cloning the lac operator DNA 
utilises the chemically synthesised octadeoxyribonucleotide 
containing the substrate for the EcoRI endonuclease as a 
“linker”. The addition of short restriction site “linkers” to 
DNA of any source provides novel flexibility to cloning 
technology. 


Blunt end ligation 


Following the procedure given in the legend of Fig. 1, about 
a 20-fold molar excess of unlabelled EcoRI octadeoxyribo- 
nucleotide was added to the 5S’ “P-labelled /ac operator 
DNA and treated with T4 DNA ligase at 12.5°C, a 
temperature slightly below the Fm of the EcoRI octa- 
nucleotide duplex structure’. The EcoRI linker was joined 
to the 21 base pair operator DNA by the blunt-end DNA 
joining activity of T4 DNA ligase, a property of this enzyme 
discovered by Sgaramella and Khorana’ and recently used 
by W. Gilbert (personal communication) for plasmid con- 
struction, 

About 50% of the 5S’-terminal phosphates on the lac 


operator DNA were resistant to alkaline phosphatase after 

a 3-h incubation. A sample of this reaction, along with 
separate samples of terminally-labelled lac operator and 
EcoRI substrate treated separately with T4 DNA ligase, .. 
were subjected to electrophoresis on a 12% polyacrylamide ` 
gel. An autoradiogram of the gel reveals that the lac 
operator DNA and the EcoRI DNA were joined (Pig. 2); 
the ligated samples of the EcoRI linker and the combined 
EcoRI linker plus Jac operator had molecules of higher” = 
molecular weight which must have been formed by the 
action of the T4 DNA ligase. EcoRI endonuclease digestion 
eliminated the larger molecules, and a new oligonucleotide, 

29 nucleotide base pairs in length, appeared. 













Cloning A 
The RI-operator DNA produced by EcoRI endonuclease... 
digestion was ligated to EcoRI endonuclease-treated pMB9 
plasmid DNA and used to transform E. coli RRL- 
has an i*z* genotype®. After 3h growth for expre: 
tetracycline resistance, samples of the culture were 
on minimal medium containing 5-bromo-4-chloro-3-indol 

B-p-galactoside (X-gal) and tetracycline. X-gal is not an 
inducer for the /ac operon but is a substrate for. 
B-galactosidase’*'"*. After 48 h incubation at 37 °C, 0.3%. 
the tetracycline-resistant colonies wese blue, indicating th 
these colonies were constitutively synthesising #-galacto- 
sidase, and releasing the blue dye 5-bromo-4-chloro-indigo. 


Since there are about 30 copies of the pMB9 plasmid per 
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Fig. 2 Blunt end ligations and cloning. The chemically synthe- 
sised /ac operator DNA was labelled at the 5 termini by treat- 


ment with T4 polynucleotide kinase (2-5 units per 100 pmol of 


S’ ends) in a reaction containing 50mM_ Tris-HCl, pH 9.5, 
10mM MgCl, 5mM dithiothreitol, 5°, glycerol and 2 uM 
y-P-ATP (1,000 Ci mmol ~'). After | h incubation at 37 C, 
additional T4 kinase and ATP (to 100 uM final concentration) 
were added to the reaction and incubation was continued for an 
additional 30 min to obtain near quantitative phosphorylation 
of the DNA. The labelled DNA was separated from residual 
ATP by chromatography on Sephadex G-50. 75 ng of *"P- 
labelled 21-nucleotide /ac operator DNA was joined with 550 ng 
of unlabelled EcoRI linker DNA by treatment with 0.4 units of 
T4 DNA ligase" in a [0-yl reaction volume (20 mM Tris-HCI, 
pH 7.6, 10 mM MgCl., 10 mM dithiothreitol, and 0.4 mM ATP). 
The reaction was incubated for 3h at 12.5 C. For cloning, a 
sample of the ligated mixture of EcoRI linker DNA and operator 
DNA (about 2.5 pmol of operator) was combined with 0.2 pmol 
of pMB9Y DNA and treated with 50 units of EcoRI endo- 
nuclease” at 37 C for 60 min in 30 ul (final volume) of 100 mM 
Tris-HCl, pH 7.5, 10 mM MgCl, 100mM NaCl, and 0.02", 
NP40. After inactivation of the EcoRI endonuclease by chloro- 
form extraction, 5 pl of 10-times concentrated ligase buffer 
(0.66 M Tris-HCl, pH 7.6, 66mM MgCl., 0.1 M dithiothreitol, 
and 4mM ATP) and 0.4 units of T4 DNA ligase were added 
and the volume adjusted to 50 yl. The reaction was incubated for 
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cell and only about 10 /ac repressor molecules, synthesis of 
£-galactosidase becomes constitutive if the plasmid contains 
a functional /ac operator. Four independent blue colonies 
were chosen for further studies (plasmid numbers pHH1- 
pHH4). About a 40-fold increase in the uninduced level 
of B-galactosidase was observed for each Strain. 


In vitro characterisation and sequence analysis 


Plasmid DNA was prepared from the transformants carry- 
ing the independently derived Rl-operator plasmids. After 
EcoRI endonuclease digestion, the DNA was treated with 
alkaline phosphatase, extracted with phenol, and the 
5’ terminal labelled with “P. The labelled DNA was snb- 
jected to electrophoresis on a 20% polyacrylamide gel and 
the “P located by autoradiography. Two bands were 
observed for all four plasmids. These were excised and found 
to have equal radioactivity, indicating that there is one 
Rl-operator per plasmid, The fastest migrating component 
was estimated to be 29 nucleotides long, the expected length 
of the RI—operator fragment (Pig. 2). The short Rl-operator 
fragment was preparatively separated from the 3.5 10° 
dalton plasmid DNA by filtration on Agarose A-50 followed 
by concentration on hydroxylapatite, or by differential 
elution from DEAE-cellulose (legend of Fig. 5). 

Purified Rl-operator DNA from pHH2 was labelled at 
the 5 end, alkali denatured and the two short comple- 
mentary strands separated by electrophoresis on an 8% 
polyacrylamide gel”. The nucleotide sequence was deter- 
mined by a procedure developed by Maxam and Gilbert 
(personal communication). The method depends on base 
specific modification and cleavage of the DNA followed by 
separation according to length on a 20% acrylamide gel in 
7M urea. The sequence can be read from the autoradio- 
gram shown in Fig. 3. The nucleotide sequence was 
identical to the 21-nucleotide sequence of the chemically 
synthesised /ac operator with an AATTCA sequence at the 
5’ end and a TG sequence at the 3’ end (see Fig. 1). The 
nucleotide sequences of the RI-operator DNA from all 
four plasmids were compared without separation of the 
complementary strands and no differences were evident 
(data not shown). 


Repressor binding 


The RI-operator in uncleaved plasmid DNA binds repressor 
very well (Fig. 4). Because supercoils in the plasmid DNA 
might alter the affinity of lac operator for lac repressor", 
we converted the pHH2 plasmid DNA to a linear form with 
HindIII endonuclease. This enzyme cuts the pMB9 plasmid 


16h at 12 C, dialysed against 30mM CaCl.. and used to 
transform strain RRI’ according to an established procedure’, 
The transformed culture was plated on glucose minimal medium" 
containing 40 ug mi~! of 5-bromo-4-chloro-3-indolyl-B-p-galac- 
toside and 10 pg ml~ of tetracycline. There were approximately 
5.000 tetracycline resistant transformants per ml of culture. The 
reaction was followed by electrophoresis of the products in a 
12%, polyacrylamide gel containing 7M urea, 50 mM Tris- 
borate pH 8.3, | mM EDTA. An autoradiogram (Kodak NS 
X-ray film) of the gel is shown. Migration of the DNAs is from 
top to bottom, Lane 1: **P-labelled /ac operator DNA. The 
slowest migrating band contains the intact operator DNA 
strands and the faster migrating components are presumably 
incomplete reactants or other contaminants, Lane 2: Ligated 
mixture of unlabelled EcoRI-linkers and **P-labelled /ac operator 
DNA. Distinct oligonucleotide bands larger than the 21-nucleo- 
tide /ae operator are evident and represent the operator DNA 
to which one, two, three or more EcoRI-linkers have been ligated. 
Lane 3: EcoRI digested ligation mixture. Treatment of the 
material shown in lane 2 with EcoRI restriction endonuclease 
reduces the large molecules to a size equal to or smaller than the 
Rl-operator shown in lane 4. Thus the majority of the ligated 
material seen in lane 2 represents operator DNA bounded by 
EcoR\-linkers rather than multimers of the Jac operator DNA, 
Lane 4: Rl-operator DNA purified from the plasmid pHH2. 
The purification and **P-labelling of the Rl-operator are 
described in the legend to Fig. 3. 


A 


A 


Nature Vol. 263 October 28 1976 


Fig. 3 DNA sequence analysis of the Rl-operator fragment. 
Purified pHH2 plasmid DNA was treated with EcoRI endo- 
nuclease to release the small operator fragment. The cleaved 
DNA was dephosphorylated by treatment with alkaline phos- 
phatase (1 unit per 200 pmol of 5’ termini in 25 mM Tris-HCl, 
pH 8.0, | mM EDTA), followed by phenol extraction and G-50 
Sephadex gel filtration. The dephosphorylated DAN was *?P- 
labelled as described in the legend of Fig. 2. The small RI- 
operator DNA was separated from the 3.5 megadalton linear 
plasmid DNA by chromatography on DEAE-cellulose. 
The Rl-operator DNA was eluted with 0.8 M triethylammonium 
carbonate at pH 8.0 and concentrated by lyophylisation. The 
complementary strands of the Rl-operator were separated by 
denaturation in 0.1 M NaOH followed by electrophoresis on an 
8% polyacrylamide gel in 50 mM Tris-borate pH 8.3, and | mM 
EDTA”, The two strands separated completely and, after 
elution from the gel, were used for sequence analysis. The 
sequence determinations were carried out according to a protocol 
kindly supplied by Maxam and Gilbert (to be published). The 
procedure depends on base specific cleavage of 5’-labelled DNA, 
followed by separation of the fragments according to size by 
electrophoresis on 20%, acrylamide gels under denaturing con- 
ditions (7 M urea). Preferential cleavage at guanosine residues 
was achieved by methylation with dimethylsulphate, depurinisa- 
tion by heating to 90 C at pH 7.0, followed by alkali treatment. 
Cleavage at adenosine residues was achieved by depurinating the 
methylated DNA at 0 C for I h in 0.1 N HCI. Preferential 
modification and subsequent cleavage at cytidine residues was 
obtained by treatment with hydrazine in the presence of | M 
NaCl. Cleavage at thymidine residues results when hydrazine 
treatment is carried out in the absence of NaCl. The darkest band 
at each fragment size indicates which condition caused pre- 
ferential cleavage, and thus identifies the base at which cleavage 
occurred to give the fragment. In practice, each cleavage con- 
dition is only partially specific, but the cleavage pattern for all 
four conditions run in parallel allows the sequence to be deter- 
mined, especially when both strands are analysed. The right four 
lanes of the autoradiogram shows the cleavage pattern for the 
upper strand. The left four lanes show the lower strand. For each 
set the G-specific cleavage is on the left followed by A-specific, 
T-specific, and C-specific. The first two nucleotides at the 5° end 
of each strand were not determined by this method but are 
known from the specificity of EcoRI endonuclease. 


about 200 base pairs from where the RI-operator is located’. 
Linear pHH2 DNA competes even more effectively for 
repressor; only a threefold molar excess gives 50%, com- 
petition with “H-Aplac DNA. This result strongly suggests 
that when the Rl-operator is sequestered in high molecular 
weight DNA, it has an affinity for repressor close to that 
of natural /ac operator. 

Direct filter binding experiments with purified “P-labelled 
Rl-operator DNA fragments were also done and they 
demonstrate clearly that the small Rl-operator DNA frag- 
ment binds Jac repressor (Fig. 5). The filter retention is 
eliminated hy isopropylthiogalactoside (IPIG), an inducer 
of the Jac operon. The plateau of filter retention is only 
20". for the Rl-operator DNA, whereas the filter retention 


Fig. 4 Competition for /ac repressor by plasmid DNA. 
Various amounts of unlabelled plasmid DNA were mixed with 
0.025 ug of *H-Aplac DNA and then an equimolar amount of 
lac repressor was added. This amount of repressor was found to 
give 85°. saturation of the operator in “H-Ap/ac DNA in the 
absence of competing DNA. The reaction volume was 0.4 ml 
and the buffer was 10 mM KCI. 10 mM Tris-HCI! (pH 7.4), 
0.1 mM EDTA, 0.1 mM dithiothreitol, 5°) (v/v) dimethyl- 
sulphoxide, and 50 ug ml ~ of bovine serum albumin. After 30 
min inceation at room temperature, 0.15-ml aliquots were 
filtered in duplicate through nitrocellulose filters according to 
the procedure of Riggs er al.™. and washed once with 0.2 ml of 
buffer without bovine serum albumin or dithiothreitol ©. 
pMB9 plasmid DNA: +. pHH2 plasmid DNA: `. Hind 
endonuclease-treated pHH2 plasmid DNA. 
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of Aplac DNA is usually about 50'%,. The lower retention 
efficiency for the Rl-operator DNA probably is a reflection 
of the lower binding affinity of the small fragment for 
repressor. Our preliminary competition data indicate that 
the excised Rl—-operator fragment has at least a 100-fold 
reduced affinity for repressor, compared with intact pHH2 
plasmid DNA. 


Chemically synthesised DNA and cloning 

In this paper and the paper by Marians er al.", are reported 

the first successful construction of plasmids carrying a 

functional genetic element derived from chemically 

synthesised DNA. The plasmids described here carry the 

21-nucleotide sequence of the Jac operator bounded on both 
1. 
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sides by EcoRI endonuclease restriction sites. The lac 
operator cloned in the plasmids functions in vivo by binding 
the available /ac repressor molecules, resulting in the 
constitutive synthesis of £-galactosidase. EcoRI endo- 
nuclease can be used to excise the small RI-operator 
fragment from the plasmid DNA. Therefore, this plasmid 
provides a continuous source of a small Jac operator DNA, 
which will greatly facilitate many physicochemical and 
other experiments. We are now trying to construct plasmids 
containing several RlI-operators polymerised in tandem. 
Such a polyoperator plasmid will provide enough lac 
operator DNA for crystallisation of repressor—operator 
complexes and the structural analysis of the mechanism of a 
sequence-specific protein-DNA interaction, 

These studies show that the 21-nucleotide sequence of the 
“central” lac operator provides for almost all of the specific 
in vitro interactions with lac repressor. As shown in Fig. 1. 
Dickson er al.* noted additional regions of symmetry on 
each side of the central 21-base-pair operator. This observa- 
tion led to speculation that the repressor might interact 
specifically with a larger DNA sequence (35 base pairs). We 
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The hard X-ray spectrum of Cyg X-1 
during the transition in November 1975 


WE wish to report an observation of the hard X-ray spectrum 
of Cyg X-I during a transition to the high state in November 
1975. The measurement was obtained with a balloon-borne 
X-ray detector in the 25-150 keV range. This third upward 
transition of Cyg X-I in 1975 was also detected in the few- 
keV energy range by the Ariel V all-sky monitor (S. S. Holt, 
L. J. Kaluzienski, E. A. Boldt, and P. J. Serlemitsos, unpub- 
lished). Our high energy data seem to confirm the characteristic 
spectral time variation of Cyg X-1: a soft. X-ray intensity 
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find that the RI-operator sequence, when it is sequestered 
in large molecular weight DNA, has an affinity for repressor 
within a factor of three of that of natural lac operator in 
Aplac DNA. Therefore, the symmetrical sequences in the 
“extended operator” are not obviously involved in this 
protein-DNA interaction. When RI-—operator is cut from 
the plasmid DNA, the affinity for repressor is lowered 
greatly. Therefore, it seems necessary to have DNA on 
both sides of the 21-base-pair operator for “normal” inter- 
actions, but the sequence of this DNA is probably not 
critical, 

The method used to generate the Rl-operator fragment, 
that of the blunt end joining of a short restriction 
enzyme substrate (linker) to each end of the DNA of 
interest, is generally useful for DNA manipulation and 
cloning. For example, EcoRI “linkers” or other endo- 
nuclease substrate linkers now can be added to any blunt 
ended DNA molecule. [The combination of chemical 
synthesis technology with cloning technology will provide a 
powerful approach to many problems, including the 
chemical synthesis of long DNA sequences. 
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NIH, and the National Research Council of Canada. 
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doctoral fellowship. 
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increase is correlated with a decrease of the hard X-ray in- 
tensity. The similarity of Cyg X-i and the transient source 
A0620 00 with respect to such spectral variation has been 
pointed out by Coe et alt. 

Cygnus X-1 was observed on November 4. 1975 from 2245 
until 2330. The apparatus was launched from Palestine, Texas 
and floated for 5.5 h at an altitude corresponding to a pressure 
of 4.3 g cm~*. The data were obtained with an arfay of six 
100-cm? Nal (TL) detectors which are part of an X-ray burst 
experiment under construction. The counts of each detector 
were sampled in four energy channels for equal periods of time, 
The data handling as well as the film recording were designed 
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Fig. 1 Spectra of the X-ray source Cyg X-!. The black dot and 


hatched area indicate average spectra of Cyg X-I in the ‘normal 

state’. ©, Daily averages of the intensity in the 3-6 keV band for 

three successive days during the upward transition of Cyg X-I 
(from ref. 4). The crosses are our data. 


to suit the apparatus on future transatlantic balloon flights. 
In this short test flight we used a 4 ~ 22” passive collimator to 
separate X-ray sources. The gondola was orientated by an 
azimuth control system. The background flux was observed 
shortly before and after the Cyg X-I exposure. In the 30-60- 
-keV range, 7> 10>? counts cem ~? s~! keV ~! were found. After 
subtracting the background we fitted a power spectrum to the 
data taking into account absorption, collimator response, 
energy resolution and the probability of escape of an iodine 
K photon. All detectors were calibrated by measuring the 
60-keV line of a Am radioactive source and the iodine escape 
peak at ~ 30 keV. 

The resulting X-ray intensity of Cyg X-I is shown in Fig. 1. 
For comparison we plotted typical normal state spectra of 
Cyg X-I, which are remarkably constant as often observed. 
The soft X-ray intensity data (from ref. 4) are daily averages for 
‘November 4, 6 and 5, 1975. Our data combined with the soft 
X-ray measurements suggest a single power law spectrum from 
3 to 80 keV with an increasing spectral index during the upward 
transition of Cyg X-I to the high state. 

A power spectrum is expected if one assumes the inverse 
Compton effect as the basic mechanism which produces the 


hard X-ray tail of Cyg X-1 (ref. 2). These models require a very 


luminous source of soft photons inside an optically thin, hot 
(AT, = 100 keV) disk, Spectral time variation may be caused 
by a varying intensity of the inner soft photon source and a 
stable hot cloud. Spherical accretion on to a black hole has 
been sufgested (ref. 3 and U. Anzer, G. Börner, and P. 
Mészáros, unpublished). Temperatures of > 10° K may be 
produced by the dissipative heating of the infalling gas. The 
X-ray spectra could then arise from bremsstrahlung which 
would also explain the spectra. 
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Ball lightning as electromagnetic energy 
None of the theories!" proposed to explain ball lightning seems 


able to account satisfactorily for the experimental evidence?" 
Jennison™® has suggested that ball lightning is a spherical stable 
standing wave of electromagnetic radiation. The proposal that 
ball lightning in effect consists of electromagnetic field energy 
trapped in an evacuated cavity of approximately spherical 
shape, with an ionised sheath separating it from the atmosphere, 
merits further examination. 

The energy density inside the ball will be magnetic (B*/2y), 
electric (e,£2/2) or both. For equilibrium, the ball must exert 
an average pressure at all points on its surface equal to atmos- 
pheric pressure. The standard boundary conditions for a 
microwave cavity with conducting walls are E normal and B 
tangential to the boundary. For these conditions the outward 
electromagnetic pressure is [(B?/2,ty)—(f,£°/2)]). Now the 
largest estimate” of the energy density ina ball {~ 4x 10°Jm~*) 
is 4x 10' times the atmospheric pressure expressed as an energy 
density. The average magnetic energy density af all points on 
the surface of the ball must therefore be very nearly equal to, 
but slightly greater than, the average electric energy density. 
This is the main difficulty, but further problems include stability, 
power loss and mechanism of formation of the ball. 

A mechanism consistent with recently reported observa- 
tions!®, for the formation of a simplified ‘cylindrical’ ball ts 
depicted in Fig. 1. A cloud of positive space charge is attracted 
towards a negative leader stroke as it approaches the ground 
(Fig. la). There is some misalignment, however, which causes 
parts of the two regions of space charge to spiral around each 
other (Fig. 1b). The end result is an electric dipole configuration 
rotating in the atmosphere just above the ground (Fig. leh 
This departure from the normal cloud to ground discharge 
mechanism requires an appropriate asymmetry in the geo- 
metry (for example, a small building or a tree’ in the immediate 
vicinity). It is therefore a comparatively rare event, as required- 
by the observed incidence of ball lightning'®. It is well known 
from data on lightning return strokes’, that once the atmosphere 
has been ionised, the speed of a lightning stroke can exceed 
10* m s~!. It is an important feature of this model that the 
peripheral speed of the final dipolar rotating field pattern 
should be > c, the velocity of light. Given that the space 
charge regions are not reduced to charges of one sign only, this 
is quite possible, since there is then no requirement for in- 
dividual charged particle velocities to be > c. (phase velocities 
> ¢ are commonplace in wave-guides and in pulsar rotating 
fields”, both of which have features in common with this 
model). | 

A sketch of a rotating electric dipolar field pattern in a long 
cylindrical cavity is shown in Fig. 2. The return path for the 





current / in the wall is by way of the displacement current in the _ “8 


cavity which may be written as (VB Z/u,). The vacuum field 
inside the cavity may be obtained by solving the equations 


V2B ~ (@?/c?)ð?B/20? 0 
(VB Z) (ole2)fF8E,20 OPEO] -0 
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ball lightning formation. 


subject to the condition that E is normal to the boundary. 
The r— component of the second equation gives, for the 
rotating dipolar field considered 


B= —(ro/e*yE, 


Thus at the boundary (radius a), where E, is zero, the net 
outward electromagnetic pressure is 


Therefore the peripheral velocity (aa) has to be > cso that the 
net electromagnetic pressure be directed outwards. The electro- 
magnetic pressure does of course vary with rotation angle, but 
the frequency is too high for the atmosphere to respond appre- 
clably to the variations. The ratio of the electromagnetic energy 
density to the electromagnetic pressure at the sheath and hence 
to the atmospheric pressure, can be made as large as is required 
to fit the observations. The particles in the sheath will move at 
the convective velocity (E x B/B?) with a small counter- 
streaming velocity superimposed. In the frame moving at the 
convective velocity the radial electric field is zero and a small 
outward (J <B) force balances the atmospheric pressure. 
Compared with the radial component of electric field in the 
rest frame, the tangential electric field in the sheath associated 
with the small counterstreaming (conduction) current will be 
negligible. The ball does not discharge internally because the 
radial electric field seen by the convected sheath is zero. 

For an energy density in the ball of 4 10° J m~3, the asso- 


Fig. 2 Schematic diagram of a rotating electric dipolar field 
pattern in a long cylindrical cavity with conducting wall. No 
attempt has been made to show retardation of the field. 
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ciated values of E and B are ~ 2% 10 V m`, and 70T res- 
pectively. For a cylinder of ~ 10cm diameter” and 30cm 
length, the total energy is ~ 107°J, that is, 1-10 °% of the energy 
available in a typical lightning discharge; and the charge is 0.02 
C, which is ~ 10% of a typical leader charge’, suggesting that 
only a fraction of the leader charge goes into formation of the 
ball, the remainder discharging to ground in the normal way 
(Fig. 15), 

In principle there is no difficulty in extending this model to 
the spherical case. To avoid nodes of zero electromagnetic 
pressure on the rotation axis, additional precessional velocities 
need to be introduced. Any air penetrating the surface of the 
ball near the rotation axis will be rapidly ionised and expelled. 
The forces required are likely to be provided by a secondary 
flow of conduction and convection currents across the rotation 
axis, so that the ball effectively generates its own precessional 
mechanism. The average electromagnetic pressure can then be 
made the same at all points on the surface, as required for 
equilibrium. This field computation would, however, be very 
complicated. Nevertheless, the most stable configuration is the 
most likely to occur in practice, and is likely to be approximately 
spherical, although any rapidly precessing volume of revolution 
would be indistinguishable from a sphere by the naked eye. 
The exact shape to be expected would depend on detailed 
energy considerations. The MHD instabilities that occur in 
plasma confinement experiments are not likely to occur with 
this model, because the field is inside rather than outside so that 
the boundary curvature is everywhere favourable, and also be- 
cause there will undoubtedly be a high degree of shear in the 
boundary magnetic field. The wall current is likely to be largely 
convective, with only small conduction currents needed to 
keep charge velocities < c. Power loss through ohmic heating 
of the sheath is therefore expected to be small. 

There is also likely to be a small leakage of the field through 
the sheath, which could be sufficient to maintain the ball at a 
steady distance from surrounding structures, but insufficient 
to cause motion in small metal objects nearby'®. On the other 
hand, strong interaction with metal objects penetrating the 
surface of the ball would be expected’. The energy in the ball 
could either be entirely dissipated by ohmic heating of the 
sheath and radiation through it, in which case the ball would 
disappear quietly, or it could be dispersed by a perturbation 
leading to an instability, in which case the ball would disinte- 
grate explosively. Both explosive and non-explosive ter- 
minations have been observed!. There is no reason, according to 
this model, why ball lightning should not drift into buildings", 
or be found in aeroplanes’, since it transports its own energy. 
In the latter case, the ball would either have to pass through a 
glass window, or be formed inside the aeroplane. If in fact 
lightning were to strike an aeroplane near one of its windows, 
it is quite possible that sufficient electric field and ionisation 
would be set up inside the aircraft for ball formation to occur as 
described here. The metal surrounding the window would take 
the place of the ground, and the geometry would favour the 
necessary spiralling motion. 

Undoubtedly this model will require modification as further 
characteristics of ball lightning become established. It does 
suggest, however, that the electromagnetic field inside the ball is 
likely to be the energy source rather than nuclear reactions’, 
antimatter’, continuous energy input from an external field®**, 
or unusual forms of gas discharge energy? ?. 

V. G. ENDEAN 
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Science Laboratories, South Road, 
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Radiocarbon chronology of late 
Quaternary lakes in the Arabian Desert 


A coop deal of information on late Quaternary moist 
periods in East Africa and Australia, derived largely from 
the dating and analysis of lake sediments, has been collected 
over recent years'™. Although fossil lake beds have long 
been known to exist in Arabia’, they have received scant 
attention. | report here the results of a preliminary attempt 
to establish the age of a series of late Quaternary lake sedi- 
ments in the Rub’ al Khali desert of the Arabian Peninsula. 
More detailed palaeoclimatic implications will be considered 
elsewhere later. 

The Arabian Peninsula (Fig. 1) is essentially a plateau 
which dips gently towards the north-east and can be sub- 
divided into a western (Precambrian) igneous shield and an 
eastern province of sedimentary rocks. Alluvial sands, 
gravels and silts obscure a dendritic drainage system which 
was established in Quaternary times”. These sediments are 
in turn partially blanketed by wind-laid sands, especially 
in the eastern basins. The largest of these basins is the now 
extremely arid Rub’ al Khali. 

Lacustrine deposits are intimately associated with the 
aeolian and alluvial deposits and, though insignificant in 
dimensions, hold the key to the late Quaternary geomor- 
phological and climatic evolution of the area. The deposits 
consist of calcareous and often fossiliferous marls, clays 
and silts. They characteristically form flat-topped benches 
and mounds, often on the lee of longitudinal dunes and 
in the ‘corridors’ between the dunes where recent 
deflation has removed the superficial deposits. Stratigraphical 
and morphological criteria indicate the presence of two 
main generations of lake beds, the older resting on allu- 
vium, and the younger on aeolian sands which antedate 
the modern (red) dune sands. The lake beds seem to reflect 
centripetal runoff into deflated hollows. 

Fossil Lake Mundafan (Fig. 1), one basin in which both 
sets of deposits are represented, displays 24 m of lake beds 


Fig. 1 Location map of places mentioned in text. 
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Table 1 Radiocarbon dates from sites mentioned in text 
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Field no.* Laboratory no. Material Age (yr bam) 
Series A | | 
MF 1 UGa-1218 Marl 17,4604 245 
MF 2 UGa-1203 Marl 21,090 = 420 
MF 3 UGa-1217 Marl 21,280 -4275 
MF 4 JGa-1202 Marl 22,345 +415 
MF 5 UGa-1211 Mari 22,965 -+ 390 
MF 6 UGa- 1209 Marl 23,078 + 425 
MF 7 UGa-1213 Marl 24,145 ~ 400 
MF 8 1-7427 Algal limestone 25,660 + 810 
Site 2 1-7447 Marl 27,160 --940 
MF 9 UGa-1220 Marl 28,750 +615 
MF 10 UGa-1219 Shells 29,595 4. 780 
Site 3 1-6988 Shells 29,660 + 1,4090 
MF li 1-741 Shells 36,300 + 2,400 
Series B 
MF 12 UGa-1216 Algal encrustation 6,100. 70 
Site 4 1-6410 Shelis 6,520 +115 
MF 13 UGa-1207 Diatomaceous marl 7,040 +1015 
Site 5 1-7307 Shells 7,160 4-115 
MF 14 UGa-1204 Marl 7,190485 
MF 15 UGa-1206 Diatomaceous marl 7,265 + 80 
MF 16 UGa-1208 Shells 7 A400 +. 216 
MF 17 UGa-}205 Diatomaceous mar! 7,770 +. 90 
MF 18 UGa-i212 Marl 8,060 95 
MF 19 UGa-1221 Marl 8135-85 
MF 20 UGa-1222 Shells &, S65 + E10 
MF 21 UGa-1214 Charcoal/ash & 800 + 90 
Series Č 
MF 22 UGa-1215 Calcareous siltstone 11465 +115 
MF 23 UGa-1210 Marl 14,965 4195 


<smee~thanuananemensissesnmaneenieeutesaanaremnitisissnaTeeesnttalne TON aa aaae aeaa ONS 
_ *MF refers to Lake Mundafan samples. Sites of other samples are 
indicated in Fig. I. 


interstratified with alluvial and aeolian sands. The principai 
sources of runoff were probably the backslope of the east- 
ward-dipping Wajid plateau and the foreslope of the 
eastward-dipping Al Arid (Jabal Tuwaiq) escarpment. The 
lake beds of the Mundafan basin are thought to extend 
beneath the alluvium and aeolian sands 150 km northward 
along the Al Arid escarpment. 

Radiocarbon dating of lake beds from the Mundafan 
basin and from five other smaller depressions further inside 
the Rub’ al Khali (sites 1-5 in Fig. 1) supports the con- 
tention that two main periods of high water level occurred 
in the area during the late Quaternary. The dates (Table 1) 
place the first period (series A) between ~36,000 and 
17,000 yr b.p., with a concentration of dates between 21,000 
and 30,000 yr b.p., and the second period (series B) between 
~9,000 and 6,000 yr b.p. A third period of minimal and low- 
lying lake bed deposition (series C) separates the two. 

At Lake Mundafan, extensive wind erosion, local slump- 
ing, possible changes in basin configuration, and the fluc- 
tuating nature of the various water levels combine to com- 
plicate stratigraphic relationships of the beds from which 
the dated material derives. Details remain to be worked 
out. Generally, beds of Series A occupy high parts of the 
basin and beds of series B and series C occupy low parts. 

The dates reported here are in close agreement with dates 
reported from East Africa and Australia’. Additional 
dates and further analysis of Arabian lake bed material 
should help define more precisely the late Quaternary 
palaeoclimatic sequence of the area. | 

I thank C. Vita-Finzi for advice and critical reading of 
the manuscript. 
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Effect of magnetic field 
on reduction of nickel oxide 


“IN 1872, US patent No. 133099 on the use of a magnetic 
coil for ‘Improvement in Reduction of Ores, etc.’ was granted 
to Abraham T. Hay, of Burlington, lowa!. It was a failure.” 
Thus stated Skorski? who a century later reported that the 
reduction rate of haematite (Fe,O,) with H, was considerably 
enhanced by application of 500- and 1,400-oersted magnetic 
fields as compared with reduction in the Earth’s field (~0.5 
oersted). Skorski? also used CH, and CO for the reduction, 
but found the rate in these cases was slower in a strong magnetic 
field than in the Earth’s field. He concluded that the effect must 
be dependent on the magnetic properties of H, itself rather than 
on those of Fe and its oxides. This notion was immediately 
challenged by Svare? who demonstrated that the magnetic 
properties of H, are not significantly different from those of 
CO and CH, in the context of the reaction involved. Peters’, 
however, argued that the observed acceleration in reaction rate 
is predictable from thermodynamics theory when product and 
reactant species differ widely in their magnetic properties—as 
do Fe,O, and metallic Fe (or NiO and metallic Ni) for example. 
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Fig. 1 Variation of the saturation magnetisation of Ni metal 


with temperature, as recorded by the electrobalance used in this 
work. Note that the apparent weight (saturation magnetisation) 
of Ni is much greater than its actual weight. 


One can readily view this argument qualitatively in terms of 
Le Chatelier’s principle. 

We recently began a systematic study of the effect of a strong 
magnetic field (~4,200  oersted) on oxidation—reduction 
systems involving strongly magnetic products of reactants. 
The Fe-iron oxide system is, however, relatively complicated 


Fe,Os—> „ Fe30-—> Fe (< 550°C) 
haematite magnetite metallic iron 


Thus Skorski? examined the above reduction on an ‘observation 
after the fact’ basis—the final product probably being an 
unknown mixture of Fe,O,, FeO, and Fe. The inter- 
pretation of results is thus considerably complicated. 

We present here resul using a sensitive technique whereby 
observations are continuously recorded on a real-time basis 
during constant temperature reduction of NiO to Ni. Since Ni 
is ferromagnetic whereas NiO is paramagnetic, Peters"! criterion 
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Fig. 2 Schematic diagram of the Cahn electrobalance used in 
this work. The system continuously records the weight of the 
sample as the reaction proceeds. 


that product and reactant magnetic properties differ widely is 
met. We thus incorporated two distinctive features into our 
work: first, we selected a simple metal-metal oxide system; 
only NiO and Ni are involved. Only NiO occurs in the ordinary 
chemistry of nickel. Higher oxidation states of nickel are quite 


Fig 3 Reduction of NiO to metallic Ni with 65 m! min! flow 
of 20%, H, in N, carrier at 295 °C. This experiment was conducted 
in the Earth’s magnetic field. Points were hand-read from a strip 
chart recording for construction of Figs 3 and 4 so they could be 
directly compared. The mass data were recorded continuously: 
|_|, 2.90 mg NiO; +, 3.08 mg NiO; @, 0.92 mg NiO; and ©, 
1.14 mg NiO, The solid bold line through the data points is a 
least squares best fit straight line fitted to the points from 0 to 20 
min. It is for comparison only. 
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unstable; second, we continuously monitored the course of the 


reaction. . 
The behaviour of Ni in the presence of a large magnetic field 


(~ 4,200 oersted) is well known, as is the temperature dependence 


of this behaviour (illustrated in Fig. | for our system). This 
behaviour was determined by suspending a small sample from 
a sensitive balance (see Fig. 2). The application of a strong 
inhomogeneous magnetic field to the sample results in a force 
of attraction-—-measured as an apparent weight which is many 
times greater (~ 40 times for Ni) than the actual weight of the 
sample. The apparent weight (saturation magnetisation) 
decreases with increasing temperature until it essentially 
vanishes at the Curie temperature. Heating and cooling curves 
were indistinguishable. 
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Fig. 4 Reduction of NiO to metallic Ni. Experimental conditions 

were the same as those in Fig. 3, except that a strong magnetic 

field (~4,200 oersted) was applied here. ~~, 2.58 mg NiO; +, 

1.29 mg NiO; @, 2.08 mg NiO; and ©, 2.87 mg NiO. The line 

is again a least squares best fit to the data exhibited in Fig. 4 
in the early portion (0-20 min). 


To monitor the change in NiO and Ni during the course of 
the reduction of NiO without application of a magnetic field, 
20°, H, in N, carrier was passed through the balance system 
(Fig. 2 with the magnet removed) for ~ | h to thoroughly 
flush the system with 1-3 mg samples of NiO in place. The 
temperature was then quickly raised to 295 C (~ 10 min) and 
the weight of the sample was continuously recorded as a function 
of time. The observed weight change directly refiects the relative 
amounts of Ni and NiO in the sample at any time. The early 
portion of the curve in Fig. 3 (~ 0-20 min) was approximately 
linear and the bold central line shows a least squares best fit 
to the average of the four runs. Each of these runs were con- 
ducted in the Earth’s magnetic field (~ 0.5 oersted). 

To ascertain the change in this reduction rate (if any) caused 
by the application of a strong magnetic field, we used the same 
experimental system (Fig. 2) but with the ~4,200 oersted 
magnet in place to influence the sample-during the course of the 
reduction® In this case the apparent weight change was greatly 
exaggerated during the course of the reduction as the non- 
magnetic (paramagnetic) NiO was converted into ferro- 
magnetic Ni, which under the influence of the magnetic field 
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yielded an apparent weight many times the actual weight of 
the sample (Fig. 1). Again four independent reductions, this 
time carried out under a strong magnetic field, were conducted 
and the results are shown in Fig. 4. Again a least squares line 
was fitted to the approximately linear portion of the curve. The 
difference in slope between the line in Figs 3 and 4 was only 
1.3%, well within our experimental uncertainty. It is apparent 
from an examination of Figs 3 and 4 that any difference in the 
reduction rate of NiO, with or without the application of a 
magnetic field, is quite small and is not discernible by our 
technique. 

We now intend to investigate the more complex iron-iron 
oxide system maintaining control over reaction products by 
carefully mixing reaction gases so as to produce an oxygen 
fugacity in which the desired product is stable whereas the 
others are not’. 

This work was supported by NASA. We are grateful to 
Professor E. E. Larson, University of Colorado, who introduced 
us to thermomagnetic analysis. 
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Charge transport by solid 
particles in liquid dielectrics 


One of the more controversial aspects of the study of 
liquid dielectrics has been the role of natural particles 
in the mechanism of charge transport (see, for example, 
the recent review by Gallagher’ and references therein). 
Theoretical estimates of the charge carried by individual 
particles are discrepant by several orders of magnitude. 
However well purified and filtered a liquid sample may 
be, as soon as it is subjected to electrical stress such 
particles may be seen in motion between the electrodes 
by observing scattered light from them through a micro- 
scope. They are of indeterminate composition and ~ | um 
in diameter. In the first attempt to make a direct study of 
charge transport by natural particles’ reliance had to be 
placed on a correlation involving the human senses, which 
was valid for low voltages and was assumed to be capable 
of extrapolation to higher voltages, where speeds are too 
great for such methods to be used. Also, since the particles 
exhibit a dwell-time on the electrodes which is very much 
greater than the transit time the experimental problem of 
capturing the charge waveform is considerable. Here we 
report preliminary results of an attempt to correlate the 
waveforms formerly attributed to solid particles with 
physical evidence of actual particle motion obtained by 
observation of the light scattered from them. 

As a problem in measurement this is one of intriguing 
complexity, It is necessary to capture two fast waveforms, 
a charge signal of the order of femto coulombs and a 
light signal of the order of a tenth of a lumen. These 
signals occur at random and are corrupted by noise. 
Indeed, the first attempt to be made to record the motion 
of a particle by means of scattegped light failed. This 
involved focusing the image of the centre of the gap on 
to the cathode of a photomultiplier, the image of the 
electrode surfaces being masked off. Unfortunately, the 
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Fig. 1 Experimental arrangement for the simultaneous monitor- 
ing of motion and charge transport by natural particles. The 
l-cm diameter spheres are 100 um apart, and light scattered 
through 50° is collected by the microscope. The mask at the real 
image selects one electrode surface for transmission to the 
photocathode. The light and charge waveforms are captured by 
the on-line transient recorder and transmitted to the computer. 


combination of high speed and low level of scattered light 
produced a signal which was irretrievable from noise. it 
was found, however, that if the image of one electrode 
surface was projected on to the photocathode, the arrival 
and departure of particles could be recorded as step wave- 
forms in the light scattered at the electrode. 


Fig. 2 Captured waveforms from the on-line incremental plotter. 
a, A typical step produced by a particle leaving the electrode. 
There is a slight delay from noise filtering. 6, The corresponding 
charge waveform. The decay following the step rise is introduced 
artificially. c, The result of averaging 36 charge waveforms. 
These were adjusted horizontally to maximise registration of the 
corresponding light waveform steps. 
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Figure 1 shows the experimental arrangement in dia- 
grammatic form. The photomultiplier is placed at an angle 
of 50° to the axis of incident light and the mask is set so 
that scattered light from only one of the pair of spherical 
electrodes is recorded. Meanwhile a _charge-sensitive 
amplifier is used to monitor the increments of charge at 
the cathode (though as is the practice with nuclear 
detectors, an artificial decay is provided in the response 
to prevent the ‘buildup’ which would saturate the 
amplifier). The residual problem of recording and corre- 
lating these randomly occurring waveforms was until 
recently a formidable one, but the introduction of the 
on-line transient recorder” has made it quite simple. 

Figure 2a and b shows scattered light and charge wave- 
forms recorded simultaneously by the transient recorder 
and plotted by the on-line computer. It will be seen that 
there is a coincidence suggesting that the characteristic 
charge transient is indeed the product of charge con- 
veyance by a solid particle. Single instances, however, do 
not establish a definite correlation, and to do this the 
following experiment was conducted. 

Pairs of waveforms like those in Fig. 2a and b were 
acquired repetitively at random by the on-line transient 
recorder. Owing to the effects of noise in the light wave- 
forms, which are used to trigger the transient recorder, 
slight misalignment can occur between one light waveform 
and another. Therefore, within the computer the waveform 
pairs were shifted slightly to give best registration of the 
light waveforms only. Meanwhile the corresponding charge 
waveforms were cumulatively averaged. The sharp artificial 
decay is advantageous in this application since it yields a 
short pulse which is more difficult to register and therefore 
is a more demanding test for correlation. The results of 36 
such repetitions are shown in Fig. 2c. While the shape of the 
charge waveform is naturally lost, its repeated correlation 
with the step in the scattered light establishes conclusively 
that particle motion is responsible for the small charge or 
current pulses observed in all dielectric liquids under electric 
stress. The speed of the equipment used allows this correla- 
tion to be observed up to stresses of 46 MV m7! in n-hexane, 

The strong grounds for accepting that the waveforms 
relate to particle motion are not only that other possible 
mechanisms are not consistent with such well defined 
transitions, but that the shapes are invariant from low 
stresses, where particles can he visually observed, through 
the whole stress range. 

These studies confirm, first, that particles are directly 
responsible for much of the randomly fluctuating com- 
ponent of current in stressed liquid dielectrics, but 
second, that the charge carried by individual particles is 
very low and corresponds to a potential of only ~ 15 V 
(refs 1, 2, 4). Perhaps even more significantly in terms of 
physical processes, they have not yet revealed any corre- 
lation between particle activity and the large (pC) pulses 
which have been observed by several authors to occur 
irregularly at high stresses. The ill-defined shape and 
duration of such pulses makes them difficult to study. 
even with the powerful on-line techniques mentioned 
above, and such a study is the object of our present work. 
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Three modes of dissociation of 
H bonds in hydrogen-bond dominated solids 


Ick, paper and regenerated cellulose, Nylon (unstretched and 
lightly stretched), and to a certain extent natural cellulose, lignin 
and wool are typical examples of hydrogen-bond dominated 
solids (whose mechanical properties are mostly controlled by the 
density and characteristics of the hydrogen bond). Previously! 
L have shown that for these materials, Young’s modulus E is 
related to N, the effective number of H bonds per cm? responding 
to unidirectional stress, by E = kN. For cellulosics & is ~ 
8 x 102 when E is in Pa. Two major rheological characteristics 
of hydrogen-bond dominated solids are their ready softening by 
water and their relaxation of stress with time under constant 
strain. Thus, E,,/E», the ratio of the modulus at w g H,O/g solid 
to the modulus at w = 0, drops to very small values for paper at 
saturation. Similarly, £,/E,, the modulus at time fto Eat t = 0 
in a stress relaxation experiment, drops to small ratios at high 
values of f. | postulate that both types of loss in E arise from 
reductions in N, through H-bond dissociation. I find this 
dissociation can be in one of three modes: I H and HI. 

Mode I dissociation occurs on wetting a hydrogen-bonded 
solid within the range, 0 < w < w, where w is a critical mois- 
ture content designating transition from mode I to mode IH. we 
is postulated to be equal to wm, the moisture content for a 
monomolecular layer calculated by BET equations’ applied to the 
adsorption isotherm of water on the particular polymer. Mode H 
occurs when we < w < wy, where wa, denotes the water 
saturation value of w. Further, let N, be the value of Nat w = 0 
and W be the hypothetical value of w which allows one H,O 
molecule for each potential H bond in the solid. (For cellulosics, 
with potentially six H bonds existing per repeat unit of cel- 
lobiose, W = 1/3.) 

In mode I we begin with 


UN eA Noh = — (Nai No d(H) W) (1) 
and arriveat 


MEJE J = C DOW) (2) 


(The suffix 1 denotes mode |.) Hence, specifically for cellulosics 


IME JE = ow (3) 


This has been demonstrated for paper forO < w < w,, (ref. 1). 

In mode Ii, dissociation is cooperatively undertaken by a 
number of bonds breaking down together. | use here Frank and 
Wen's hypothesis? of H bonds making and breaking co- 
operatively together in flickering clusters. Thus, | postulate that 
a molecule of water initiates the cooperative phenomenon by 
breaking only one bond, but this triggers others to break 
immediately. The total number is equal to the cooperative index 
(CH) but the reaction is still unimolecular in NM. Thus 


d(N/ Node = > ACION iN) adv W) (4) 


with initial conditionat w = we 


WEN AN aa © IAUN ANa oo On) (5) 
Hence 
IME Eg). ~ (3) Or WOUCH 1] (CDO W): (6) 


For cellulose, W- 1/3, and equation (6) reduces to 


IMEE w KED 1] (Chw (7) 
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The mean cooperative index (CI) can be calculated from 
rheological data, but an a priori value was obtained from 
Starkweather’s analysis? of the cluster behaviour of water 
adsorbed on polymers, using Zimm’s thermodynamic con- 
cepts!}, as well as calculations by Némethy and Scheraga® for 
water at room temperature and found, for cellulose and Nylon 
66, to be: (Ch = 6.71. 

Comparison of data in the literature on the dependence of 
E „on w for paper’ ~" gives the mean for (CI) as 6.70 -+0.89 The 
mean we for these experiments was 0.047 -.0.011, whereas wm 
for paper is normally between 0.04 and 0.06. The average for 
different cellulosics studied by Meredith!’ (ramie, Fortisan, viscose 
rayon and mercerised cotton) was found to be (CI) = 7.7 HAT 
The value for w, was indeterminate because of the large standard 


deviations in the data, (-- 0.042 0.09). The average for Nylon 
66 studied by Meredith!” and others'!*" was (CT) = 6.70 42.1. 
The average w. was indeterminate but clearly < 0.01 g H.O/g 
solid (0.003 -- 0.005; W for Nylon Hb is 0.1 593), 

Thus, the cooperative dissociation of H bonds in mode H is 
still ‘unimolecular’ in N, even though approximately seven 
bonds are triggered to break down together on average. 

in mode IH, controlling stress relaxation under constant 
strain, the dissociation is polymolecular in N. This may be 
explained by imagining the need for a minimum number of 
bonds, a, having to dissociate simultaneously before a unit 
jump leading to stress relaxation becomes possible. Thus, it was 
found empirically from analysis of rheological data’ 


G 


Fi Z 
HUNN = Ch; 
Aarie n > kil Ni No) (5) 
dz Ld 
į i 


(where Ny ~ Natz = 0) with explicit interconnections between 
A, with ki and a; with œ, respectively. The infinite series of 
different reaction rate constants k; and cooperative indices a, 
soon degenerate into a single reaction of rate A, and of order a,, 
the ‘principal cooperative index’, which controls the stress 
relaxation curve for all values of (Ni/N,) < 08, 

Analyses of data published by Houghton and Sellen!’ on dry 
and wet regenerated cellulose at subzero temperatures reveal 
interesting maxima and minima in a, at particular temperatures. 

Thus, in mode HI the cooperative dissociation of H bonds. is 
different from that in mode H in being truly polymolecular 
whereas in mode J it is unimolecular in N. 

Details of these studies will be published elsewhere’, 
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Cumulative deformation of magnesium 
oxide crystals by softer sliders 


MECHANISMS postulated for the wear of hard crystalline sur- 
faces by softer solids include thermal degradation’, diffusion and 
solution®; and self abrasion of the harder solid when its wear 
debris is picked up by the softer surface*. A mechanism based 
purely on mechanical aspects has not yet been established but 
there has been the suggestion of an ‘incubation period’ during 
which the structure of the hard solid has been modified before 
the onset of visible wear*. In earlier publications®*, we have est- 
ablished that a dislocated zone was formed in some hard 
crystals by a softer slider, whenever the pressure between the 
contacting surfaces was greater than a certain threshold value 
which was thought to be related to the critical resolved shear 
stress. For a given load, and in these conditions, the depth of this 
zone was independent of the slider hardness—regardless of 
whether the point itself was blunted or visible macroscopic 
deformation and penetration of the harder crystal was obtained. 
Then, the depth of the dislocated zone was determined only by 
the magnitude of the applied load. There were two principal 
objectives to this particular study. First, to measure the effect of 
slider hardness on the number of traversals necessary to initiate 
visible fragmentation and wear in the harder crystal. Second, to 
use dislocation etching and microhardness techniques to follow 
the deformation of the harder crystal during the microdeforma- 
tion preceding fracture—the incubation period. 
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Fig. 1 Illustrating the degree of work hardening, as the tip of the 
slider was blunted, during the initial traversals on MgO, for / 
EN 58J; >, 95/5 phosphor bronze: «, 70/30 brass. 


The apparatus used has been described in detail elsewhere and 
only brief experimental details will be given here. All the follow- 
ing results are based on experiments using magnesium oxide as 
the hard crystal with conical sliders, having included angles of 
136 at the start of the experiment, made from polycrystalline 
alloys. The alloys selected for this purpose included an austenitic 
stainless steel (EN 58J), an a brass (70/30), and a phosphor 
bronze (95/5). Experiments were carried out at room tempera- 
ture, using reciprocating sliding at a speed of 3«10->ms~!_ 
and the surfaces were continuously lubricated with soluble or 
mineral oils. The direction of sliding was aligned with <100> 
crystallographic directions on the chemically polished (001) 
plane of MgO and the length of the resultant wear track was 
~ 0.01 m. Normal loads of 0.5, | or 2 kg were used. 

The first few traversals caused a flattening of the tip on the 
metallic slider with a corresponding increase in hardness from 
conventional work-hardening processes. This effect is reflected 
in microhardness measurements on the blunted tip, using a 
Knoop indentor with a normal load of 100 g, as a function of the 
number of traversals (Fig. 1). The hardness of the slider tended 
to a constant value, presumably indicating the ultimate level of 
work hardening for that particular material, within the first ten 
cycles. There was no visible damage on the MgO surface after the 
first traversal but dislocations in the contact zone, induced by 
the sliding, were revealed by etching (Fig. 2a). Subsequent 
traversals produced slip lines on the MgO surface—typically 
within the first ten cycles (Fig. 24). Eventually, a visible crack 
was formed and then was immediately followed by significant 
fragmentation (Fig. 2c). The crack pattern was of the chevron 
form, characteristic of rocksalt crystals, produced by fracture 
on {110} and {100} planes”. The number of traversals to cause 
the initiation of the first crack, and thus fragmentation, was 
related to the ultimate hardness of the slider material. The harder 
the slider, the fewer the number of traversals (N<) required to 
produce a crack. 


Fig. 2 Stages in the deformation 
produced by a lubricated slider, 
under a normal load of 500 g, 
making traversals in a [100] 
direction on the (001) plane of 
MgO. a, Etch pits revealing dis- 
locations after first gfraversal, 
( < 160). b, Slip lines visible after 
ten traversals. ( ~ 160). c, Frag- 
mentation and wear marking the 
end of the experiment at 
Ne = 15.000. (= 24), 
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A plot of the ultimate hardness of the slider (H ,) against the 
critical number of traversals to fracture (N.) gives a curve which 
resembles that of an S:N curve based on conventional fatigue 
data (Fig. 3) in which the maximum stress applied by the slider 
in each traversal is directly related to the hardness of the slider 
material. It is important to note, in this context, that the critical 
number of cycles was independent of the normal load for a 
given slider. Also, that directly comparable results were ob- 
tained with a mineral oil and a water-soluble lubricant. Thus it 
would appear that this particular change in environment is not 
important in the wear mechanism. Further support for a 
mechanism based on fatigue criteria was given by an experiment 
in which an MgO surface was abraded witha brass for ~ 12,000 
cycles—-that is, well after maximum work hardening of 
slider and crystal but before the onset of fragmentation and 
wear. Subsequently, the top 5 ym of the dislocated zone, which 
penetrated the crystal to a total depth of 150 um, was removed 
by chemical polishing. Sliding was then continued, along the 
same track, and a further 15,000 traversals were required to 
produce fragmentation and wear. This compared with 
N, = 15,000 for the original, undeformed, surface. Note that 
each point on the curve in Fig. 3 represents the average of at 
least six measurements, all within a range of 10%. 

The coefficient of friction (41) was measured throughout the 
experiments for all three types of slider. Where the lubricant 
became ineffective, adhesion caused a marked increase in friction 
and fragmentation was immediately observed. Results from 
such experiments have not been included in Fig. 3. In the normal 
case, u decreased during the initial mutual work hardening of 
slider and crystal but then remained constant until the onset of 
fragmentation. At this point, an immediate and significant 
increase in friction was observed. It can, however, be concluded 
that fragmentation was responsible for the increased friction 
and not vice versa. 

Examination of the abraded MgO surface, using dislocation 
etch pit techniques and microhardness measurements, confirmed 
some of the earlier observations made on the basis of a single 
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Fig. 3 The Hs:Ne curve for a (001) MgO surface abraded in the 
[100] direction. Note a limiting slider hardness of ~ 2.25 GN m72. 


indentation or traversal’ and gave further information on the 
nature of the incubation period. The depth of the resultant dis- 
located volume was determined not by the shape or hardness of 
the slider but only by the magnitude of the applied load. Dis- 
locations produced by repeated traversals were generally 
contained within the dislocated volume established by the 
first traversal. Thus the dislocated volume remained constant 
whilst the dislocation density increased during the first hundred 
traversals. Furthermore, microhardness measurements show 
that the increase in dislocation density causes work hardening 
both on the surface and within the bulk of the magnesium 
oxide. Typical values, using a Knoop indenter aligned in a [110] 
direction on the (001) MgO surface with a load of 100 g, are 
shown in Fig. 4 for all three slider materials. It would seem that 
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Fig. 4 Hardening of the MgO surface, by traversals on the {001) 
plane in a [100] direction, was shown to be dependent on the 
ultimate hardness of the slider material. A. EN S83; ©, 93/5 
phosphor bronze; x, 70/30 brass. 


the degree of work hardening in the MgO is again related to the 
ultimate hardness of the slider material. Results obtained by 
removing the surface layers, using chemical polishing techniques, 
and indenting on the newly exposed surfaces in the same manner 
reveal the hardening in depth below the original surface 
(Fig. 5). 
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Fig. 5 Bulk hardening of the MgO crystal after ~ 200 traversals of 
brass slider under a load of 500 g. 


In summary, these experiments provide a method of identify- 
ing the range of slider hardness within which fragmentation and. . 


wear of a harder crystal can be anticipated. Also, we now have — Bee 
the possibility of establishing a limiting slider hardness, akin toa ==- 
fatigue or endurance limit, below which fragmentation ofagiven = > 





solid will not take place in a given lifetime. For example, MgO 
with a hardness of 9.8 GN m= should have a reasonable 
lifetime, in abrasive conditions, provided the hardness of the 
softer material does not exceed 2.25 GN m~*. Current work has 
established that the behaviour of various other non-tretallic 
crystals is comparable with MgO and similar H.N e curves have 
been obtained. Clearly this information is of technological. 
interest wherever a soft material abrades a harder one—as in 
gemmological applications and metal cutting operations. 
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Feathering and flight 
evolution in Archaeopteryx 


WirtH the description of further specimens™? there has been 
a resurgence of interest in Archaeopteryx. Although there is 
no final agreement on whether it was mainly arboreal or 
terrestrial, recent opinion’ seems to favour the latter. There 
has been discussion on its reptile origins’~* and on its ability 
to fly and ‘the general problem of the evolution of powered 
flight", However, most of these studies have been made 
by specialists who are not ornithologists and who usually 
tend to extrapolate from reptile forms and behaviour in 
their discussions. Whatever its precursors, Archaeopteryx is 
regarded as a bird and to interpret adequately such evidence 
as we have we must consider it in relation to what we know 
of birds as well as reptiles. 

Archaeopteryx possessed structures very closely resem- 
bling the flight feathers of Recent birds, which should 
confer an advantage by supporting it during movement, 
while body feathers, if present, would aid thermoregulation; 
but feathers also have disadvantages in being fragile and 
subject to abrasion, In Recent birds this is partly overcome 
by regular moult and replacement, but we do not know if 
Archaeopteryx had a moult. Recent birds also avoid feather 
damage by postures and movements in which the plumage 
does not usually rub or strike against surrounding objects, 
the larger feathers of wings and tail usually being held clear 
of the substrate. The possession of feathers by Archaeop- 
feryx, even were it a reptile, should therefore impose some 
limitations on both posture and movement, comparable 
with those of Recent birds: and these limitations would be 
likely to have modified some of its characters already, 
and to affect its subsequent evolution. 

Feathers probably evolved before avian flight and 
Ostrom? has suggested that the large feathers of the fore- 
limbs were originally produced for a different purpose. He 
regards the digits as functional in catching small live prey 
and suggests that the feather may have formed a large area 
of catchment for trapping small creatures such as insects. 
It is possible to envisage an earlier and shorter form of 
feathers being spread like small nets and slapped down over 
insects to aid capture, but I would suggest that the feathers 
on Archaeopteryx had developed beyond this stage and 
that to use them for such a purpose would be likely to 
damage and destroy them, while the total size of the spread 
wing would tend to hinder the use of the forelimbs for 
rapid movements in catching prey. 

It cannot be argued that the similar large feathers along 
either side of the tail were used for capturing prey, and in 
view of their position it is reasonable to suppose that their 
function was for support during movement. It is also likely 
that the extensive feathering of the forelimbs had a support 
function at this stage in evolution, and while Ostrom®” 
argues that the skeletal structure precludes an ability to fly 
in the true sense, there seems to be no objection to the 
idea that the feathers of forelimbs and tail might be used 
to prolong the passage through the air of an individual that 
had leaped from some eminence, whether by gliding or by 
some crude flapping flight. 

The feathering should affect both normal movement and 
the subsequent evolution of flight. Some earlier reconstruc- 
tions of Archaeopteryx and theoretical proavian forms 
based on Recent reptiles™™ assumed that Archaeopteryx 
climbed trees by using the well developed digits, and 
launched itself into the air from a height; with flight 
evolving through a stage of gliding down from high perches. 
The feathering of Archaeopteryx is developed to a degree 
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that makes it most improbable that it would climb in a 
lizard-like fashion or clamber among twigs using all four 
limbs as some reconstructions suggest. Any arboreal move- 
ment is likely to have been limited to perching, running 
along branches and leaping between them, meanwhile 
probably using the wings for balance and aerial support. 

In his recent papers Ostrom**” describes Archaeopteryx 
as a cursorial, and presumably terrestrial predator. This 
would accord with the above comments but would not 
explain why powered flight should have evolved in such 
circumstances. He believes the flight of Archaeopteryx to 
have been “flapping leaps” to capture insect prey, and 
presumably envisages flight evolving as an aid to predation. 
In Recent birds, flight as a means of catching prey appears 
to be a secondary adaptation, for species which use it, 
from simple flycatchers to the more elaborate aerial feeders, 
have additional structural modifications for this purpose, 
and in its earlier stages flight would have had the greatest 
value as a means of escape from predators. Driver and 
Humphries’ in their studies of protean behaviour have 
shown that an element of unpredictability in the behaviour 
of a prey species will help it to evade capture. If prey 
which has previously moved along the ground suddenly 
launches itself into the air in a long leap, leap and glide, 
or full flight, a terrestrial predator is temporarily baffled 
and likely to discontinue the hunt. This is a very effective 
anti-predator device, a fact reflected in the evolution of 
such behaviour in a number of different groups of animals. 
Anyone who has tried to catch an almost-fledged nestling 
or a slightly injured adult bird without the powers of sus- 
tained flight will be aware of the way in which even brief 
bursts of short flight by the prey can make capture difficult 
for a relatively sophisticated predator such as man. 

We can envisage Archaeopteryx as a bird-like creature 
probably resembling the coucals, Centropus spp., which 
are similar in general proportions with rather weak rounded 
wings. long tails and well developed legs. These latter birds 
are mainly terrestrial or semi-arboreal, walking or running 
through low vegetation or travelling through shrubs and 
low trees, moving along branches and jumping from 
branch to branch. They fly with reluctance but if hard- 
pressed will ascend to a higher perch and then take off 
in a weak and frantic flight, travelling a little distance 
before dropping into low vegetation and disappearing. 

Archaeopteryx could have moved in similar fashion, and 
if launching itself from some eminence enabled it to escape 
terrestrial predators, there would have been a selective 
advantage in a readiness to take flight. If the ability to 
move through the air was poor and likely to result in a 
landing too close to the point of take-off there could be a 
likelihood of rediscovery during random searching by the 
predator. There would therefore be additional selection 
pressure in favour of individuals that could travel further 
through the air before landing. It can be argued that 
factors such as these could provide pressures for the evolu- 
tion of powered flight in a mainly terrestrial animal without 
the need for an ability to climb in the strict sense or for 
the modification of specialised predatory leaps. 

Regarding Archaeopteryx as a bird is therefore useful 
in predicting the likely limitations implied by the possession 
of feathers, and the probable advantages of even brief 
periods of movement in the air. It may prove helpful in 
interpretating other aspects of this important evolutionary 
link. 
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Intake and digestion of hill-land 
vegetation by the red deer and the sheep 


DomeEsticatep sheep and feral red deer (Cervus elaphus) 
are the two principal producers of food for human con- 
sumption from a large proportion of the rough grazings of 
Scotland. There is considerable interest in the possibility of 
increasing the production of venison by farming the red 
deer, and studies of the degree of domestication required, 
the development of biologically sound management practices 
and their economic viability are in progress’. A fundamental 
question is whether the red deer can utilise the indigenous 
vegetation found on the hills more efficiently than does the 
sheep, and, if so, to what extent this is brought about by 
its greater ability to range over and graze selectively on 
hill vegetation or by its ability to consume and digest more 
of the poor quality vegetation. We have investigated this 
latter aspect and now report that on such diets red deer 
consume greater quantities of digestible dry matter per unit 
metabolic body weight than sheep. The greater ability of 
the deer to increase voluntary food intake during the 
summer months is also discussed. 

For this study we used 12 castrated male red deer and 
12 castrated male Scottish Blackface sheep, aged 18 months. 
Both species were treated in a similar manner from 6 months 
of age and were accustomed to being housed in metabolism 
pens before being given diets of common heather (Calluna 
vulgaris, L. Hull) and Agrostis/Festuca grass heath (two of 
the common types of hill vegetation grazed by both species). 
In two experiments carried out in January and April 1976, 
the animals were offered, ad libitum, freeze-stored vegeta- 
tion which had been harvested mechanically in the autumn 
and which was known to provide a diet similar to that 
selected by grazing during the winter (unpublished data of 
J.A.M.). Measurements were made of the voluntary food 
intake (VFI) and digestibility of each diet. The particulate- 
phase marker, '*Ru-phenanthroline’, was used to estimate 





Table 1 Intake and digestibility of diets 





DMI DMI DMD MRT 
| k gw? <TD 

Ea (g) (g) (w) (h) 

January 
Red deer Agrostis; Festuca 1,199 49.1 40.1 27.4 
Heather 847 35.0 453 SIT 
Sheep Agrostis! Festuca 432 24.1 48.8 56.1 
Heather”? 327 17.7 45.7 67,3 

April 

Red deer Agrostis] Festuca 2,028 76.2 41.9 32.5 
Heather? 1,446 56.6 45.2 42.4 
Sheep Agrostis! Festucat 485 26.6 48.) 55.9 
Heather 458 24.5 42.8 $6.2 
sem. d 74.9 +2.87 +106 L33 


*Mean of four observations. 

+Mean of five observations. 

Figures show mean daily voluntary intake of dry matter (DMD, 
dry mattergntake on metabolic liveweight basis (DMI per kgW°-™), dry 
matter digestibility (DMD *%,) and mean retention time of a particu- 
late-phase marker (MRT) for red deer and sheep offered diets of 
Agrostis] Festuca and common heather in January and April (means 
of six observations) f | 
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the mean retention time’ (MRT) of digesta between the 
rumen and the faeces—an index of the time undigested food 
particles spend in the gastrointestinal tract. Results are 
given in Table 1. : 

In both January and April the red deer ate at least twice 
as much heather and Agrostis/Festuca as the sheep. Sur- 
prisingly, on the heather diet the deer were able to digest 
their higher intake to the same extent as the sheep (Table 
1), but with the Agrostis/Festuca diet they showed a more 
predictable fall in digestibility (7-8 percentage units). On 
both diets MRT was considerably shorter for the deer than 
the sheep. It is not possible to assess to what extent these 
differences were due to the different intakes of the two 
species, but further experiments have shown that when the 
same animals consumed similar quantities of a higher 
quality ration (dried grass pellets), the MRT in the red 
deer was still significantly (P<0.001) shorter than in the 
sheep (unpublished). This latter result is in agreement with 
earlier studies using chopped dried grass and grass hay 
diets’*> which suggest a real between-species difference in 
the speed at which digesta passes through the digestive 
tract. 

The VFIs of both the red deer and the sheep were higher 
in April than in January. In the sheep, the 40%, increase 
in VFI of heather in April was accompanied by a reduction 
in the digestibility of the diet and in MRT. This result is 
in agreement with relationships between VFI, digestibility 
and MRT previously found in sheep and cattle and which 
support the generally accepted hypothesis that with medium- 
quality long roughage diets, the control of VFI in sheep 
is related mainly to the filling effect in the digestive tract, 
particularly in the rumen, and to the rate of removal of 
food residues from that organ’. 

In contrast, the large increase in VFI of deer of 70%, 
between January and April, which has been associated with 
changes in daylength’, was not accompanied by any change 
in digestibility or MRT. This suggests that the amount of 
feed residues transferred per unit time down the gastro- 
intestinal tract of the red deer was higher in April than in 
January. The hypothesis that VFI of long roughages is 
controlled by the filling effect in the digestive tract can only 
hold for the deer at both times of the year if the volume 
or capacity of their digestive tract, or at least some section 
of it, had increased considerably. Although the mechanisms 
whereby this may occur are not known, it is likely that they 
are under some form of hormonal control related to day- 
length. 

In spite of these seasonal differences in VFI the red deer 
ate twice as much digestible dry matter as the sheep on 
both kinds of hill vegetation. This suggests that red deer 
are better adapted than sheep to grazing hill vegetation in 
winter and spring, providing that both species exhibit 
similar grazing behaviour, have similar maintenance 
requirements per unit of metabolic liveweight, and have 
similar rates of production and utilisation of the end 
products of digestion. These latter aspects are being 
investigated further. 
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Superposition images are formed 
by reflection in the eyes of 
some oceanic decapod crustacea 


LIKE moths, the eyes of many pelagic and bottom-living 
decapods appear to glow brightly when viewed from the 
direction of illumination’. It has generally been assumed that 
the optical system involved is similar to that in nocturnal 
insects, that is, the superposition mechanism of Exner’. The 
essential feature of Exner’s theory is that the optical 
apparatus of the cornea and crystalline cone refracts light 
through twice the angle at which it was incident on the 
cornea (Fig. la). Light from many facets then combines to 
form a single image on the receptor layer, and if this is 
backed by a tapetum the light is reflected out through the 
same facets that it entered, causing the glow. There is now 
no doubt that Exner’s mechanism is present in some insects’. 
Recent accounts have, however, cast doubt on whether it 
occurs in crustacea*’’. This is largely because the high refrac- 
tive indices and inhomogeneities required of the optical 
components have heen shown not to be present. In this 
paper I show that superposition images are formed in the 
eyes of a midwater shrimp, but in a different manner (Fig. 
1b). 

Live Oplophorus spinosus (Coutière), about 5cm long, 
were obtained from trawls at a depth of 500 m in the North 
Atlantic during a recent cruise of the RRS Discovery (July- 
August 1976). The eyes are almost spherical, and when 
illuminated they exhibit a bright orange glow over a cir- 
cular area whose diameter (905 um) is slightly more than 
half the diameter of the eye itself (1,580 um). The glow does 
not disappear on exposure to light, indicating the absence 
of occlusory distal pigment such as is found in moths*. After 
fixation for 1 h in a mixture of glutaraldehvde and formalin 
in cacodylate-buffered seawater, which stiffens the tissues 
without loss of transparency, an eye was cut in half, and the 
layout of the component parts is shown in Fig. 24. As in 
insect superposition eyes, the rhabdom layer has a radius 
of curvature approximately equal to half that of the eye 
surface. 

A superposition image was clearly visible when the half 
eye was illuminated by a small source (a light guide) at a 
distance of 10cm. This produced a single small but some- 
what diffuse spot of light which moved around the rhabdom 
layer in the same direction as the source—that is, the image 
was erect. Occluding different parts of the cornea showed 
that light contributing to the image entered the eye over 
approximately half its diameter. When two sources were 
used distinct images were observed, provided the sources 
were separated by 15° or more at the eye. 


Fig. 1 Superposition image formation (a) by refraction 
(modified from Exner) and (b) by reflection. 
ad 
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Dissection of unfixed material failed to reveal any 
‘crystalline’ cones, although clear gelatinous material was 
present in the spaces in the distal pigment region, and also 
in the ‘clear zone’ between this and the rhabdoms. This is 
in marked contrast to the situation in, for example, 
euphausiid eyes where hard highly refractile cones are 
present as a layer beneath the cornea. The corneal facets 
themselves have negligible focusing properties. After fixa- 
tion the gelatinous material stiffened into recognisable 
square-sided tapering structures (Fig. 2b) which could be 
easily separated from each other. Each of these consisted 
of a short non-pigmented outer section, a second more 
refractile segment extending to a depth of 150 um from 
the eye surface, and lined with pigment for the proximal 
two-thirds of its length, and a long tapering tail whose tip 
lay 280-300 um deep, in the layer of cell bodies immediately 
above the rhabdoms. An estimate of the refractive indices 
of the parts of fixed cones was made by finding cones lying 
with their side faces at 45° to the microscope slide, and 
measuring the prismatic bending of parallel rays passing 
through them. The distal region gave a deviation of 5.9°, 
corresponding to a refractive index of 1.41, and the proxi- 
mal tail gave 3.3° or an index of 1.37. These values are 
quite in keeping with the consistency of the material, and 
are far too low to be compatible with image formation by 
refraction, using curved surfaces or lens—cylinder optics. 
(Euphausiid cones, treated similarly, gave a refractive index 
of 1.54.) 

Teasing fresh material from the distal region showed that 
the cones are separated from each other by two kinds of 
pigment: a layer of reflecting material which lines the four 
faces of each cone and has a green specular appearance at 
near normal incidence, and behind this a brown pigment 
which fills the gap between the cones. Optically, therefore, 
each cone can be thought of as a silvered, four-sided prism. 

This observation leads directly to the hypothesis of image 
formation outlined in Figs 14 and 2a. Parallel light reaching 
the eye is reflected at one of the faces of each cone and 
is bent through an angle approximately equal to twice the 
angle of incidence at the eye, just as in a refracting super- 
position eye (Fig. 1). The angle is in fact slightly greater 
than this, because of the 8° taper of the cones. A conse- 
quence of this is that many facets will redirect light to an 
approximate focus on the surface of a sphere concentric 
with the eye, and with slightly more than half its radius 
of curvature. The limiting ray will be the one that just 
manages to enter and emerge from a reflecting prism (left- 
hand ray, Fig. 2), and this makes an angle of 60° with the 
eye surface. This will also be the ray which emerges nearest 
the edge of the patch of ‘glow’ and it will be located 
approximately half way out from the centre of the eye. Tt 
can be seen from Fig. 2a that some light will tend to pass 
straight through the aperture of the central cones withont 
being reflected (dashed lines). The fate of this light is un- 
certain: some will certainly be totally internally reflected bv 
the walls of the tails of the cones (angles of incidence more 
than the critical angle, 77°) and the image is not likely to 
be greatly spoiled. 

Two other features of the glow tend to confirm the 
hypothesis just given. Towards the edges of the glow patch 
light from individual facets is unevenly distributed, each 
showing a dark band which gets wider and finally occludes 
the facet completely. This ‘venetian blind’ effect is simply 
explained by the progressive restriction in the width of the 
slit of light that can enter and emerge from each reflecting 
prism (Fig. 2a). Secondly, the colour of the glow changes 
from yellow/orange in the centre (that of the bleached 
rhabdoms) to green at the edge of the patch. If, gs seems 
likely, the mirror surface is due to thin-film interference’, 
one would expect that all wavelengths would be reflected at 
high angles of incidence (near the centre), but that the light 
would take on progressively the interference colour of the 
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Fig. 2 Optical (a) and anatomical 
structure (b) of part of the eye of 
the shrimp Oplophorus. In a it is 
assumed that the only optical com- 
ponents in the eye are the reflector- 0 
lined faces of the cones. Solid lines 20 
show how reflected light is brought 
to a focus, and dashed lines indicate 
pencils of rays that pass through ' F 
directly. The figure was con- P 


structed as accurately as possible sa F 
from measurements made on fresh i a 


or recently fixed eyes. The numerals 


on the left show depths of each ree 
layer from the surface. b shows the 440 
parts of the eye as visible in a um 


hemisected eye seen through a 
dissecting microscope. 


reflecting material itself at lower incident angles. Where 
this angle reaches 60°, at the edge, the green colour ob- 
served is similar to that of the reflecting material observed 
directly, 

It is concluded that reflection in the cones provides an 
adequate explanation of the images observed, and that a 
refraction mechanism is not present. Since this paper was 
first submitted, I have learned from Professor K. Kirschfeld 
(Tiibingen) that exactly the same optical arrangement as 
that given here has already been proposed independently 
by Klaus Vogt (Stuttgart) to account for image formation 
in the eyes of freshwater crayfish’, which also exhibit a 
‘glow’ when dark adapted*. His note was published last 
year. It also turns out that the theoretical possibility of 
imagery of this kind was in fact dismissed by Exner in this 
1891 monograph, and the discovery of this mechanism as 
a practical reality properly belongs to Vogt. His paper and 
mine leave little doubt that this is the standard method of 
superposition image formation in decapod crustacea. 

I thank Dr Peter Herring for making possible my partici- 
pation in the Discovery cruise, Professor Eric Denton for 
critically reading the manuscript, and Dr Adam Locket for 
help with suitable fixatives. Financial assistance is acknow- 
ledged from the SRC and the Royal Society. 
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Frequency-dependent selection at two 


enzyme loci in Drosophila melanogaster 


RecENT edevelopment in population genetics indicate that 
it is often misleading to treat selective values as constants!™” 
These studies indicate that selective forces may be a function 
of genotype frequencies (frequency-dependent selection). 
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For example, if the rarest genotype is most fit then the 
rare allele will increase in frequency but will not become 
fixed in the population, because as it gets more common 
the fitness of its carriers decreases. This mechanism is 
attractive since it leads to a stable gene frequency equilib- 
rium which may not involve problems of genetic load or 
inbreeding depression. Experimental evidence has been 
obtained®? which supports the view that frequency depend- 
ence is involved in the maintenance of the esterase-6 
(Est-6) and alcohol dehydrogenase (Adh) loci in Droso- 
phila melanogaster. However, these results are subject to 
two major criticisms". First, the observed frequency 
dependence may have resulted from poor experimental 
design. In the original report" fitness estimates were made 
by comparisons of adult frequencies with those expected 
from the gene frequencies in the previous genera- 
tion. Frequency-dependent selection appears as an artefact 
of this method”. Second, since inbred lines were used m 
these studies problems of linkage disequilibrium may have 
occurred. If this view is correct then the observed selective 
differences were due to differences between lines, not to 
differences between alleles at a locus. As a consequence of 
these criticisms the role of frequency dependence as a force 
responsible for maintaining enzyme polymorphism has been 
disputed’. The experiments reported here overcome these 
criticisms and indicate that frequency-dependent selection 
should be reconsidered as an important mechanism involved 
in the maintenance of enzyme polymorphism. 

From the Kaduna population, two pairs of lines were 
derived. One pair were segregating at the Adh locus while 
homozygous at the Est-6 locus for the F and $ alleles res- 
pectively whereas the other pair were homozygous at Adh 
and segregating at Esr-6. Each line was derived indepen- 
dently as the progeny of 30 pairs of homozygous parents 
sampled from the population. The lines had been kept in 
population cages (as large populations) for approximately 
18 months before the experiments were carried out. For 
each experiment 200 newly-emerged larvae (0-3 h old) were 
competed. They were put in a 104-cm Drosophila vial 
containing 10 ml of the following medium: maize meal, 
26.25 g: molasses, 26.25 g; agar, 10g; flaked brewers yeast, 
2.5 g; nipagin, 2.5 g; propionic acid, 2.5 ml; water, 1,000 ml. 
The frequency of the F allele in the experimental vials was 
altered by changing its relative proportion in the larval 
mixture (for example, a vial with P;=0.15 would contain 
30 FF homozygotes and 170 SS homezygotes), For the Esr-6 
experiment seven frequencies of the F allele were used 
(P;=0.15: 0.25; 0.40; 0.50; 0.60: 0.75; 0.85) and for the Adh 
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Table { The relative viabilities of FF and SS flies when grown at 
different frequencies 


Enzyme P: FF SS FF SS Total 

locus input* input* survived survived survived 

(%) (%) C% 

0.15 120 680 55.8 34.0 37.3 

0.25 200 600 46.5 38.0 40.1 

0.40 320 480 40.9 46.9 44,5 

Est-6 0.50 400 400 38.8 43.0 40.9 

0.60 480 320 27.1 46.9 35.0 

0.75 600 200 38.0 57.0 42.8 

0.85 680 120 33.2 68.3 38.5 

0.15 120 680 65.8 45.7 48.8 

Adh 0.50 400 400 43.8 35.3 39.5 

0.85 680 20 53.4 52.5 53.3 


aiseanna enaena aera 
*Each result is the sum of four pooled replicates. 


experiments three frequencies of the F allele were used 
(P;=0.15; 0.50; 0.85). 

The genotypes of all emerging flies were determined by 
the methods of O’Brien and MacIntyre (Est-6)"* or Day et 
al. (Adh)". The results are shown in Table 1. 

The results have been analysed by the heterogeneity y? 
method (Table 2). The regression of the difference in sur- 
vival between FF and SS flies on frequency is significant 
for both the Est-6 and Adh experiments (E'st-6, P<0.005: 
Adh, P<0.01). These results clearly demonstrate frequency 
dependence operating at both the Est-6 and Adh loci. For 
the Esr-6 locus at F frequencies less than about 30% more 
FF flies survive than SS flies. This situation is reversed at 
frequencies above about 40% F. Here it would seem that a 
frequency-dependent mechanism is sufficient to maintain the 
polymorphism, at least in these culture conditions. This is 
not the case for the Adh polymorphism since more FF flies 
survive than SS flies at each frequency. The results for the 
Adh polymorphism differ from those of Kojima and 
Tobari” since these authors presented data which showed 
that the relative advantage of the F allele changed to a 
disadvantage as its frequency increased. My results have 
been confirmed by Briscoe? who used the same materials 
but different experimental methods. In a further communi- 
cation (Morgan, in preparation) I will present data that 
indicates that the degree of frequency dependence at the 
Adh locus can be modified by growing flies on different 
culture media. 

The results presented in this paper suggest that the role 
of frequency dependence in maintaining enzyme polymor- 
phism should be examined in greater detail. 


ree LL LE TTT aa 
Table 2 Heterogeneity y? of the differences in survival between FF 
and SS flies grown at different frequencies* 








Est-6 d.f. ys 
Average difference in suryival i 29.66* 


between FF and SS 


Linear regression of S-S on Pr | 99.00* 
Departure from linearity 5 9,25+ 
Replicates 21 23.744 
Adh 

Average difference 1 14,86* 
Linear regression l 7.547 
Departure from linearity I 0.177 
Replicates 9 4.15+ 


<n ae rraren 

For each trial, differences in survival between the two genotypes 
may be tested as y2,, which equals nP: (1 ~Pr) GS ~S) S0 — S), 
where n is the total number of individuals at risk, Pr is the starting 
frequency of FF flies and S;, Ss and § respectively are the proportions 
of FF, SS and all flies which survive. Over a set of trials, the sum of 
these values may be partitfoned as in the table. 

*P < 0.005. 

TNo significant difference: P > 0.05. 

<P < 0.01. 
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X-ray induced mutations, 
DNA and target theory 


THat X-ray induced, specific locus, germ-line mutation rates 
vary significantly in eukaryotes is generally known, but the 
factors that are responsible for such differences have not 
been assessed in detail. It was recently proposed’ for a 
variety of species that mutability is closely and simply 
related to total DNA per genome. This approach, however, 
has not stood the test of critical review’; in fact, even within 
one species (mouse) there are major differences between 
the rates for different genes, and even for different germ 
cells’. I have therefore taken a different approach by 
considering the radiobiology of the individual gene. The 
analysis leads to three major conclusions. (1) Mutation rates 
tend to be much lower than radiation theory predicts. (2) 
Selection and/or repair are major factors that determine 
the rates. (3) The mouse 7-locus test, which provides a 
principal data base for the standards of human radiation 
hygiene, may not provide adequate overall representation 
of the mutability of the mammalian genome, so more re- 
search is needed. 

Before considering the differences in rate between organ- 
isms, it is of interest to examine the differences between 
genes that are irradiated in the same germ cell of a parti- 
cular organism. As an elementary step, consider the follow- 
ing analysis that is based on classical target theory. The 
fundamental premise is that bigger genes (molecules) are 
more likely to be hit than smaller ones and therefore should 
be more mutable. The calculation of target size involves 
the relation between observed hits and the distribution of 
ion pairs generated in the exposed material by the absorbed 
radiation, and has been applied to the study of enzymes and 
viruses®’’, 

In the usual germ-line mutation experiment, a parent is 
irradiated and the F, progeny are screened for the mutant 
phenotype. The mutation rate of a particular gene is cal- 
culated as mutations per rad per generation where per 
generation indicates that the observations were made on 
the viable progeny. But the frequency of observed hits 
(mutants) in these progeny is unlikely to be equal to the 
frequency of hits (mutations) in the parental germ cell 
since: (1) some hits will be repaired: (2) some hits will be 
carried in cells that die out or are selected against: (3) some 
hits will induce trivial mutations, that is, the mutation does 
not induce a significant change in phenotype although 
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provided adequate opportunity to do so. These “deflating” 
factors will tend to make the target-theory estimate of gene 
size too small. 

There are also “inflating” factors that tend to make the 
estimate too large. First, in addition to direct hits, free 
radicals generated in nearby molecules (for example water) 
may mutate the target gene. Secondly, since “target” is an 
operational term, its volume might in fact represent the 
aggregate volume of several separate genes, any one of 
which when hit can directly or indirectly induce the mutant 
phenotype. 

It is clear that the estimate of gene size by target theory 
will probably be incorrect, depending on the magnitude 
and balance of a number of factors. Nonetheless, such an 
incorrect estimate can be useful for purposes of comparison. 
As the standard for such comparison, we use the molecular 
weight of a typical gene. Since each codon has a molecular 
weight of about 2,000, a gene that determines a protein of 
200 amino acids has a molecular weight of about 400,000. 

I applied target theory to the data of the three tests with 
mouse spermatogonia (250-kV X rays, 60-90 rad min`’), 
using the method outlined by Lea (chapter 3, fig. 9 of ref. 6). 
The method is adequate for the comparisons to be made 
here, although it does not provide a full treatment of the 
problem*”**. 

The 7-locus test used one cartilage and six coat-colour 
genes. For a dose of 300 rad, the mean probability K of 
inducing a mutation was 2.7xX107' per gene per rad per 
generation’. Greater doses or lower dose rates reduced the 
probability. The mean dose per mutation (Lea’s 37% dose) 
is therefore taken as 1/K=3.7X 10° rad, for which the 
associated molecular weight is 360,000 (180 codons). The 
close agreement of this estimate with that based on the 
model is presumably fortuitous. Nonetheless, the fact that 
there is numerical agreement rather than gross disagree- 
ment gives perspective on the balance of deflating and in- 
flating factors. 

In a very much smaller set of experiments with an 
analogous “‘6-locus test”, the value of K was about one-third 
that of the 7-locus test”. 

In the case of the H-test (30 class I histocompatibility 
genes)’, the mean value of K was 1/60 that of the 7-locus 
test, and the associated molecular weight is therefore about 
5,000—-an underestimate equivalent to 2.5 codons. The 
underestimate is informative, however. It indicates that the 
set of deflating factors is much more important than the 
inflating ones. 

With two such disparate results for the mouse as a point 
of departure, their generality becomes of interest—will 
various genes in diverse species behave like the 7-locus 
group or the H-group? The literature was recently 
reviewed’ for X-ray induced, intralocus, forward mutation 
rates. Determinations were found for Schizosaccharomyces 
pombe and Saccharomyces cerevisiae (yeast), Neurospora 
crassa (mould), Drosophila melanogaster (fruit fly), 
Arabadopsis thaliana (flowering plant). Zea mays (maize) 
and Hordeum vulgare (barley). From the summary, I 
obtained the distribution of 16 values of K for different 
genes and different groups of genes. The highest value was 
4.7X10, equivalent to 25 codons. Eleven fell between 
3X10 and 4x 107°, with a mean of 1.5 10° (7 codons), 
and four were below 3x10°° (1 codon). 

It seems that the genes or groups of genes tested so far 
(outside the mouse) tend to react like the mouse H-group 
rather than the 7-locus group, and that the factors that 
deflate the mutation rate (per gene per generation) are 
much more effective than those that inflate it. To what 
extent {his conclusion will continue to be generally true 
for all types of genes, and especially for mutations other 
than forward ones, remains to be seen. Meanwhile, the 
analysis provides some specific orientation towards the 
general problem and emphasises the need for much more 
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research, both for genetics per se and for radiation, 
hygiene, which relies heavily on the 7-locus test as a data 
base for setting standards. 
Henry L KOHN 
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Culture of human malaria 
parasites Plasmodium falciparum 


MALARIA is a major cause of morbidity and mortality, claim- 
ing an estimated one million lives a year in Africa alone’, 
Plasmodium falciparum, the most important agent of 
human malaria, has not been maintained for more than 
2-6 d in vitro. The development of a vaccine for malaria 
depends on suitable culture methods for the production of 
relevant antigens’. We describe here a new culture method 
for P. falciparum, which involves an inoculum of cryopre- 
served parasites and make possible an analysis of merozoite— 
erythrocyte interactions, growth for more than 3 weeks 
in vitro and the collection of merozoites. Merozoites are of 
particular interest because vaccination with the merozoites 
of P. knowlesi protects rhesus monkeys from infection with 
this species of malaria parasite’. 

Parasites for culture were obtained from a splenectom- 
ised chimpanzee (Pan troglodytes) inoculated with a 
chimpanzee-adapted isolate of the Malayan Camp strain of 
P. falciparum”. Nine days after inoculation 52% of its 
erythrocytes were parasitised with ring forms and 6% with 
schizonts. A sample (50 ml} of this infected blood was col- 
lected in S00 U of heparin and cryopreserved in 60 aliquots 
by the method of Diggs er al’. 

Growth of P. falciparum in erythrocytes from five species 
was tested. Blood was drawn in heparin from human 
volunteers, owl monkeys (Aotus trivirgatus griseimembra), 
rhesus monkeys (Macaca mulatta), Hartley guinea pigs 
(Cavia porcellus) and also from the chimpanzee which had 
been infected (and then cured with mefloquine’’). These 
erythrocytes were separated from plasma and leukocytes, 
mixed with an inoculum of thawed parasitised chimpanzee 
erythrocytes, and the mixture was cultured at a low oxygen 
tension in modified tissue culture medium 199. Samples 
were taken at the times indicated, thin smears were made 
and stained with Giemsa and 1,000 erythrocytes were 
examined for parasites. A representative experiment is pre- 
sented in Table 1. Erythrocytes from humans and the chim- 
panzee, both of which can be infected in vive with the 
Camp strain of P. falciparum, were parasitised in vitro. 
Erythrocytes from rhesus monkeys and guinea pigs, which 
cannot be infected in vivo, were nòt invaded to a signifi 
cant extent in vitro. Other experiments provided evidence 
that erythrocytes from owl monkeys (which can he infected 
in vivo) support growth in vitro; too few experiments have 
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° Table 1 Malaria grown in four species of erythrocytes 
Test Trophozoites Trophozoites Ratio of 
erythrocytes at 24h at 72h 72h to 24h 
Human 3.7+1.5 23.0+3.1 6.2 
Chimpanzee $.3+0.9 33.3+1.7 6.3 
Rhesus 3,.0+1.2 1.3+0.3 0.4 
Guinea pig 5.5-+2,5 1.8+0.5 0.3 


Numbers of trophozoites are given per 1,000 erythrocytes (mean 
-+ s.e. of triplicate cultures). 

Test erythrocytes and thawed? chimpanzee erythrocytes (50° 
parasitised with ring forms; schizonts did not survive thawing) were 
mixed at a ratio of 25 : 1 and cultured at a final concentration of 
5x10" per ml in an atmosphere of 3% CO, 6.6% O., balance 
nitrogen at 37 °C (3 ml per 5-cm? flask, or 0.2 ml per microtitre well). 
Culture medium 199 (with Earle’s modified salts) was enriched with 
glucose (2 mg ml~*), 2 mM glutamine, 3 x 1075 M 2-mercaptoethanol, 
(t }-a-tocopherol (emulsified) (30 pg mi~), gentamycin (25 ug mi~»), 
10% heat-inactivated foetal bovine serum, and 10 mM _ A-Tris- 
(hydroxymethyl)methyl-2-aminoethanesulphonate (TES) buffer. (One 
part TES acid to 1.4 parts TES sodium salt gives a pH of 7.35 at 
37 C). Leukocytes and plasma had been removed from the erythro- 
cytes by passage through a column of cellulose powder™ followed 
by washing the cells several times in media. 


been done to comment on the finding’ that they support 
growth of P. falciparum less well than do human erythro- 
cytes. 

in these short term cultures the parasites grow first in 
the erythrocytes of the chimpanzee inoculum (ring forms 
predominated at Oh, more mature trophozoites at 24h 
and schizonts at 42h); then at 48h merozoites invaded 
new erythrocytes (young ring forms were also seen at this 
time in the new erythrocytes), By 72h the parasite had 
grown to the trophozoite stage again. At both 48 and 72h 
the cultures with human erythrocytes had 15 to 50 times 
more parasites than cultures with rhesus erythrocytes. Small 
numbers of degenerating parasites were seen in all cultures. 
The viability of the cryopreserved parasite inoculum varied 
from 20 to 50% as judged by the numbers of maturing 
trophozoites after 24h of culture. 

Long term culture was also possible. Schizonts were con- 
centrated by centrifugation every 2 or 4d and reinoculated 
into a culture with new human erythrocytes. The parasite 
exhibited some asynchrony of growth: on day 22 of culture 


Fig. 1 Malaria parasites after 22d in culture. a, Merozoites 
invading erythrocytes (top right), schizonts (top left and middle), 
trophozoites (bottom middle); b, ring forms; c, a gametocyte. 
Parasites were cultured essentially as described in Table 1, 
except that every 2 or 4d the erythrocytes were centrifuged at 
400g, resuspended in a small volume of medium, centrifuged in 
capillary tubes at 1,300g for 2 min, and the capillaries were 
scored and broken to collect the upper brown layer of schizonts 
(usually 3 x 10 cells} which was added to a new 15-ml subculture 
containing 3x 108 human erythrocytes in a 22-cm? flask. The 
medium was usually changed every 48h with the subculture. 
After the first 4d of culture, an extra 15 mM TES buffer was 
added, and 20%, autologous human serum replaced the foetal 
bovine serum in the medium. 
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Fig. 2 Thawed parasitised chimpanzee erythrocytes (90% para- 

sitised after a centrifugation step in capillary tubes) were cultured 

without added erythrocytes, but otherwise essentially as des- 

cribed in Table 1. After 44h, the culture was centrifuged at 

400g for 8 min. The supernatant was then taken and centrifuged 

at 1,000g for 10 min and the small grey pellet was resuspended, 
smeared and stained with Giemsa. 


schizonts, invading merozoites, ring forms, trophozoites and 
what appeared to be immature gametocytes were seen 
(Fig. 1). The total number of schizonts recovered from each 
subculture was approximately equal to the number added 
2d previously, except on day 22 when twice as many 
schizonts were recovered. This increased yield followed an 
increase in the frequency of changing the medium from 
every other day to every day. A significant metabolic pro- 
duction of acid after 1d in culture was indicated by the 
yellow colour of the phenol red in the medium. The addi- 
tion of a flow system to continually replenish the medium 
should result in better yields. Further manipulation of cul- 
ture conditions might also result in the production of 
mature gametocytes which could be used to study the sexual 
cycle in vitro. 

Merozoites were obtained by culturing  parasitised 
erythrocytes to the schizont stage, centrifuging at low speed 
to remove the unruptured schizonts, and then centrifuging 
at high speed to pellet the free merozoites (Fig. 2). These 
P. falciparum merozoites have not yet been examined for 
viability, but are expected to have a lifespan measured in 
minutes”. 

Experiments to evaluate the importance of the various 
components of the culture medium are incomplete. Others 
have reported improved growth of malaria parasites with 
the use of TES as a buffer’, the removal of leukocytes’ and 
the use of a low oxygen tension’. 

As expected from work with P. knowlesi’*””, the growth 
of P. falciparum in various mammalian erythrocytes 
in vitro correlated with the susceptibility of the erythrocyte 
donors in vivo. This erythrocyte specificity apparently 
resides in the interactions between the erythrocyte and 
merozoite surfaces, since very few merozoites adherent to 
erythrocytes were noted at 48h in cultures containing 
erythrocytes from non-susceptible species. The few inter- 
actions that were noted probably occurred with residual 
chimpanzee erythrocytes from the inoculum. This culture 
system is being used to study P. falciparum interactions 
with various human blood group erythrocytes with and 
without enzyme treatments (L. H. Miller et al., manuscript 
in preparation), as reported for P. knowles”, 

Further improvements in the culture of P. falcipgrum, in 
particular the production of large numbers of merozoites, 
should facilitate biochemical and immunological studies 
that may lead to an effective vaccine for malaria. 

While this manuscript was in preparation, Trager and 
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Jensen reported the continuous culture of P. falciparum™. 
We thank Jim Dillon, Karen Czarnecky, Barbara Flem- 

mings and Raymond Berry for technical assistance. We 

also appreciate the advice and encouragement of Louis 


Miller, Philip Russell and Carl Alving. 
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Direct estimation of frequency 
of cytotoxic T lymphocytes 
by a modified plaque assay 


THYMUS-DERIVED lymphocytes (T) have been shown to have 
a major role in cell-mediated immunity against foreign 
transplants and syngeneic tumours’”’. In vitro, several assays 
have been developed to measure thymus-dependent cell- 
mediated immunity, making use of the cytotoxic potential 
of these effector cells’. Precise estimates of the number of 
cytotoxic T lymphocytes (CTL), however, are not possible 
by available methods. We report here a new method to 
quantify the CTL present in a mixed cell population. The 
method is based on the ability of CTL to kill specifically 
adjacent target cells fixed on monolayers and to form zones 
of lysis or plaques. 

Monolayers of target cells were prepared on poly-L-lysine- 
coated Falcon plastic Petri dishes as described before*. The 
effector lymphocytes were generated after either in vivo 
sensitisation or in vitro sensitisation against tumour allo- 
grafts. Known numbers of effector lymphocytes were added 
on the target monolayers and the plates were incubated at 
37 °C in an atmosphere of 5% CO». After incubation plates 
were washed with minimum Eagle’s medium (MEM), dead 
tumour cells were stained with eosin, and the plates were 
washed again with MEM. Zones of dead target cells or 
plaques were counted under the microscope. A cluster of 
more than four dead target cells was considered a plaque 
(Fig. 1).® 

Several representative experiments are shown in Table 1. 
Both the in vivo and in vitro sensitised alloimmune lympho- 
cytes (BALB/c anti-EL-4) form plaques on EL-4 target-cell 
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Fig. 1 A monolayer prepared with EL-4 tumour cells and plaques 

developed by jn vitro-generated anti-EL-4 cytotoxic lymphocytes. 

a, Arrows point to plaques ( x 125); b, a plaque ( < 250); c, a mono- 
layer background lacking plaques ( < 250). 


monolayers. The specificity of plaque formation was indi- 
cated by the absence of plaques when unrelated target-cell 
monolayers (G-35) were used. Furthermore, normal lympho- 
cytes or lymphocytes cultured alone did not form plaques. 
A linear relationship was usually obtained between the 
number of effector cells plated and the number of plaques 
observed, indicating that each plaque was presumably 
formed by one CTL. As expected, the in vitro-generated 
secondary response yielded many more plaques when com- 
pared with the in vivo immune response (experiments | and 
4, Table 1). Treatment of effector lymphocytes with specific 
anti-thymocyte serum and complement abrogated completely 
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adverse effect on plaque formation. These results demon- 
strated that alloimmune lymphocytes form specific plaques 
on corresponding target cell monolayers and that the 
effector cells are thymus-derived lymphocytes. 

The relationship between plaque formation and the 
release of “Cr from target cells as measures of cell-mediated 
cytotoxicity was investigated. In all cases, when effector 
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populations produced plaques, they also showed cytotoxicity 
by “Cr release (Table 2). In several experiments, effector 
cells with strong cytotoxic activity yielded a large number 
of cytolytic plaques. That the same population of effector 
cells exerted these two properties, is corroborated by the 
findings that reduction of cytotoxic activity by absorption 
on specific target cell monolayers was paralleled by a marked 
reduction in the number of plaques (experiment 1, Table 
2). Experiments with in vitro sensitisation of C57BL/6 
splenocytes against syngeneic EL-4 leukaemia cells have 
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Table 1 Frequency of CTL in alloimmune lymphocyte preparations 


Experiment Effector cells No. of cells Plaque-forming units 
no. Sensitisation Specificity plated Monolayer Observed Per 10° as 
I In vitro Anti-E L-4 3.1 « 10° EL-4 2,380 7,850 0.79 
In vitro Anti-EL-4 1.5 x 108 EL-4 935 6,171 0.62 
In vitro Anti-EL-4 3.1 x 10° G-35 0 0 0 
In vitro Anti-EL-4 1.5 x 108 G-35 0 0 () 
in vivo Anti-EL-4 PEC 3.1 * 108 EL-4 80 264 | 0.03 
In vivo Anti-EL-4 PEC 1.5 x10 EL-4 35 245 0.03 
In vivo Anti-EL-4 PEC 3.1 « 10° G-35 0 0 9 
l In vivo Anti-G-35 PEC 3,1 x 10 G35 70 210 0.02 
2 In vitro Anti-EL-4 3.1 x 10° EL-4 2,800 9.240 0.92 
In vitro Anti-EL-4 1.5 10% EL-4 1,210 8 680 0.87 
In vitro Anti-EL-4 7.5 x 10! EL-4 600 8,400 0.84 
Lymphocytes alone 3.1% 108 EL-4 0 0 0 
In vitro Anti-EL-4 3,1 x 105 G-35 0 0 Q 
3 In vitro Anti-E L-4 3.4 « 108 EL-4 (4,410; 3,780: 13,778 1.38 
4,340)* 
In vitro Anti-EL-4 1.5 x 10° EL-4 (1,990; 2,275; 14,555 1.46 
2,030) 
In vitro Lymphocytes alone 3.1 x 10% EL-4 0 0 0 
4 In vivo Anti-EL-4 PEC 3.1 x 108 FL-4 210 693 0.07 
(2h) 1.5 x 10% EL-4 85 56| 0.06 
Normal PEC 7.510! EL-4 70 924 0.09 
3.1 « 10° EL-4 0 0 0 
In vivo Anti-EL-4 PEC 3.1 x 107 EL-4 840 2T 0.28 
(4h) 1.5 x 10° EL-4 210 2,793 0.28 
Normal PEC 3.) «10° EL-4 0 0 0 
5 In vitro Anti-EL-4 6.25 x 10° EL-4 2,100 3,360 0.34 
In vitro Anti-EL-4 3.1 x10 EL-4 1,890 4.515 0.45 
Lymphocytes alone 6.25 « 10° EL-4 0 0 0 
In vitro Anti-EL-4+- 6.25 x 10° EL-4 Q 0 Q 
Anti T+ C* 3.1 x 10% EL-4 0 Q 0 
In vitro Anti-EL-4 6.2 x 10° G-35 0 0 0 
6 In vivo Anti-EL-4 PEC 2.5 « 108 EL-4 840 336 0.034 
Normal PEC 2.5 x 108 EL-4 0 0 0 
In vivo Antr-EL-4 PEC 2.5 x 108 C57PM 750 300 0.030 
Normal PEC 2.5 x 10° C57PM 5 ? 0 


Effector cells (alloimmune lymphocytes) were prepared after in vive and in vitro immunisation. Cytotoxic cells were generated in vivo by 
intraperitoneal inoculation of 2 x 10’ EL-4 (H-2") into BALB/c (H-2*) mice for anti-EL-4 activity, or 2 x 10’ G-35 (H~2*) syngeneic in BALB/c 
into C57BL/6 (H-2°) for anti-G-35 activity. The mice were killed 9-10 d later and the peritoneal fluid exudate was aspirated by a Pasteur 
pipette after several washes of the cavity. The cells were washed, suspended in MEM at 107 per ml and samples of | ml were plated on plastic 
tissue Culture dishes. The plates were incubated at 37 °C for 1 h and the non-adherent cells were recovered, counted for viability by Trypan blue 
dye exclusion and suspended in RPMI or MEM at desired concentrations. Lymphocytes were generated i vitro as follows. Mice were primed 
with 2 x 10 tumour cells and 40-60 d later they were killed and their spleens were removed in sterile conditions. The cells were teased apart in 
balanced salt solution (BSS), filtered through a nylon screen and washed once. Cells were then treated with Gey`s solution to lyse red blood 
cells, washed twice with BSS and resuspended to 10° per ml viable cells in RPMI 1640 containing 10°% foetal calf serum (FCS). The stimulating 
tumour cells were prepared as above for responding cells and treated with 30 pg mitomycin C per 107 cells. The cells were incubated at 37 °C for 
40 min and washed four times with BSS and resuspended to 5 10° per mi viable cell in RPMI 1640 containing 10°% ECS. Sensitisation was 
done in 50-ml Falcon conical tubes in which 3 ml of the responder cells (30 = 10% per ml) and | ml of stimulator (5 ~ 10° cells) were mixed and the 
total volume was brought up to 10 ml. The tubes were incubated for 3-5 d at 37 °C ina 5% CO, incubator. At the end of incubation, dead cells 
were removed using Ficoll-Isopaque. The cell preparation was then brought to the desired concentration in RPMI 1640 + 10°. FCS and used for 
plaque assays or for *'Cr-release cell-mediated cytotoxicity. Monolayers were prepared on 35 = 10-mm Falcon plastic dishes (no, 3001) coated with 
poly-L-lysine. One ml of poly-L-lysine (50 ug mi~, molecular weight 85,000, Sigma, Mi) in phosphate-butfered saline (PBS) (Dulbecco's 
PBS + CaCl, + MgCl.) was added to each plate and left at room temperature overnight. Plates were washed with PBS before use. Target cells 
used to prepare the monolayers were either tumour cells or peritoneal macrophages (PM). Tumour cells (EL-4 and G-35) were maintained in 
ascites form in-vivo. The ascites fluid containing tumour cells was washed and tumour cells were suspended in PBS at 10° per ml. Target cells (1 mD 
were added to each plate, which were then left at room temperature for 10 min, centrifuged at 200g for 5 min at 20 C and washed three or four 
times with PBS. In most experiments, 1 ml of 0.2° Trypan blue in saline was added to each plate, left at room temperature for 3-5 min, washed 
with PBS, and monolayers were examined for viability under the microscope. PMs were derived from mice inoculated with 3 mi of thioglycollate 
3 d before collection. Peritoneal cells were prepared as described above for tumour cells. Plaque-forming units were estimated as follows. Effector 
lymphocytes were added at desired: concentrations in a total of | ml per plate. Plates were incubated at 37 C in an atmosphere 5°% CO, for 2-4h. 
Plates were washed with 2 ml MEM, and stained with | ml of 1° eosin dye for 3-5 min. The plates were washed with PBS and examined under the 
microscope. In several experiments,monolayers were fixed by treating the plate with 0.2% formaldehyde overnight at 5 °C and then washed 
with PBS. Plaques were scored under the microscope. Manual interplay with the condenser facilitated location of plaques. In general, the plates 
were placed on a microscope slide with a square drawn calibrated for 1/5 the surface area of the Petri dish. The total number of plaques per 
square was routinely counted and the number of plaques per 10° lymphocytes was thus estimated. : 

*In this experiment each éffector cell concentration was tested in triplicate. : a i - | 

* Treatment with specific anti-thymocyte serum and C’ (ref. 11) was as follows: 0.3 ml of 1:10 dilution of specific rabbit anti-thymocyte serum 
and 0.3 ml of 1:10 normal rabbit serum (absorbed with tumour cells) as source of complement was added to 10° lymphocytes; the mixture was 
incubated at 37 “C for 45 min and the cells were washed with MEM and resuspended at the original concentration. 
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Table 2 Correlation between plaque formation and cell-mediated cytotoxicity 





Experiment Effector cells No. of cells Monolayer Plaque-forming units ve CMC to 
no. plated Observed pA 5Cr EL4 
1 BALB/c anti-EL-4 1 x 10° EL-4 1,650 1.65 97.0 
BALB/c anti-EL-4 absorbed on EL-4 i x 108 EL-4 225 0.22 (87) 49.1 (49) 
monolayer* | 
BALB/c anti-EL-4 absorbed on G-35 Ix 10° EL-4 1,540 1.54 83.6 
monolayer 
BALB/c anti-EL-4 I x 105 G-35 0 0 0 
2 BALB/c anti-EL-4 I x 105 EL-4 420 0.42 58.7 
Normal BALB/c spleen 5 « 10° EL-4 15 0.003 0 





Effector cells were generated in vitro in one way mixed lymphocyte-tumour cultures. 5 x 10° BALB/c splenocytes were mixed with 2.5 x 10° 
mitomycin C (50 pg mi")-treated EL-4 cells in tubes (125x16 mm; Falcon no. 3033) in RPMI culture medium supplemented with 10% 
foetal calf serum. Six days later cultures were collected and the cells were separated on Ficoll-Hypaque to remove dead cells, Cell-mediated 
cytotoxicity (CMC) with “Cr target cells was assayed as described previously* at an effector—target cell ratio of 10:1. 


* Absorption on monolayers was done as described before’. 
+Numbers in parentheses represent percentage reduction, 


produced 5-10 times less plaque-forming units (0.04-0.12%) 
than allogeneic sensitisation. The “Cr release in the syn- 
geneic sensitisation was weaker than the allogeneic system. 

Several parameters have been examined in an effort to 
generalise the applicability of the CTL plaque assay and 
also to optimise the sensitivity of the assay. For example, 
we found that monolayers can be prepared with target cells 
other than tumour cells, such as thymocytes or thioglycol- 
late-induced peritoneal macrophages (experiment 6, Table 
1). The plates containing the plaques can be fixed with 
0.2% formaldehyde and kept at 4°C without any signi- 
ficant change in the number of plaques. Spontaneous lysis 
of target cells on the monolayer interferes with plaque 
reading. Plaques were assayed only when the monolayer 
target cell showed >95% viability. To distinguish between 
dead cells present at the initiation of incubation from those 
which occurred after incubation, a double staining technique 
was used. The target cell monolayers were first stained with 
Trypan blue and after plating of the lymphocytes, the mono- 
layers were stained with eosin. The time of incubation of 
the assay varied from 2 to 5h depending on the source of 
effector cells used. /n vitro sensitised cells required less than 
2h, whereas the in vivo sensitised lymphocytes required 4h 
(experiment 4, Table 1). Longer incubation periods resulted 
in a mixture of clear and stained plaques, and these were 
difficult to quantify and reproduce. 

The percentage of CTL in mixed alloimmune prepara- 
tions as obtained by the plaque assay ranged from 0.05 to 
2% of the total plated on the monolayer. These percentages 
may be underestimates due to the limitations of the assay 
conditions. For example, (1) CTL may be heterogeneous 
in their state of differentiation and may express different 
degrees of cytotoxic activity. In such cases, only CTL that 
can kill more than four target cells will be scored while 
CTL which will kill less than four target cells will be missed 
in our assay. (2) The plating efficiency is not high, that is, 
CTL with high affinity to target cells may be preferentially 
selected, and (3) lysis of target cells may not be revealed 
by dye-exclusion techniques. 

Although our plaque assay measured directly the number 
of CTL, indirect methods have been reported which esti- 
mate the number of CTL by their ability to bind to target 
cells and form conjugates. For example, with alloimmune 
peritoneal exudate cells (PEC), the number of CTL were 
estimated to be >6°% by Martz* and up to 35% by Berke 
et al’. 

It is difficult to ascertain from our studies the precise 
number of precursors of CTL present in a non-immune 
lymphoid cell population. Such numbers, however, have been 
reported for precursors which mediate mixed lymphocyte 
culture and graft versus host reactions. It was reported that 
1-3% responsive cells became stimulated to proliferate in 
the mixed lymphocyte interaction’, 1-2%, induced local graft 
versus host reaction", 6% of parental T cells bear surface 


receptors which share idiotypic determinants with IgG 
fractions of alloantibody specific for a particular major 
histocompatibility complex (MHC) haplotype’, and 4.5-6% 
participate in a systemic graft versus host reaction in the 
rat. If CTLs arise by expansion of the precursor poo! after 
antigenic stimulation then the percentage of uncommitted 
precursor CTL for one MHC will be less than 1%. This 
percentage agrees with that postulated by Ford ef al.. 

In conclusion, the plaque assay described here was shown 
to enumerate specific cytotoxic T lymphocytes present in a 
mixed cell population. This modified plaque assay should 
be helpful in elucidating several aspects of cell-mediated 
immunity such as cytotoxic potential, affinity, heterogeneity, 
specificity, and morphological characteristics of effector T 
lymphocytes once isolated. 
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In vitro and in vivo radiosensitivity 
of human tumour cells obtained from 
a pancreatic carcinoma xenograft 


Human tumours show a wide range of clinical response to 
radiotherapy, but the extent to which this reflects differences 
in intrinsic cellular radiosensitivity, txtent of tumour cell 
hypoxia, or host reaction against the tumour is unknown. 
For tumours in laboratory animals, various assays for clono- 
genic cells are available. These have shown that the range 


m 


« of radiosensitivity of aerobic cells is quite narrow? and 
that the hypoxic fraction of clonogenic cells within tumours 
of palpable dimensions is often in the range 10-35%. Until 
now the lack of satisfactory assay for clonogenic cells has 
prevented similar studies on human solid tumours treated 
in vivo. We have developed two assays for clonogenic cells 
from a human metastatic pancreatic carcinoma propagated 
as a xenograft in immune-suppressed CBA/lac mice. This 
xenograft was one of a series established by Pickard et al’. 

In the first assay, tumour-cell suspensions were incubated 
in Ham’s medium with the addition of 15% calf serum, 
0.3% agar and rat red blood cells in 17-mm diameter test 
tubes using a double layer technique. Colonies of 50 cells 
or more were counted at 28 d and the plating efficiency was 
20-40%. In the second assay, tumour-cell suspensions in 
medium, serum and agar were grown in diffusion chambers 
implanted into the peritoneal cavity of C57BL mice, 
previously treated with whole-body radiation. Colonies, 
growing slightly more quickly than in the first assay, were 
counted at about 18d and the plating efficiency was 
10-20%. Detailed descriptions of the experimental methods 
are being prepared for publication. Chromosomal analysis 
of the cells after 16d growth in culture verified a human 
karyotype, with aneuploidy ranging from 42 to 68 chromo- 
somes and a mode of 62. 

Tumours measuring 5-8 mm in diameter were grown in the 
leg muscles of immune-suppressed mice and were irradiated 
in vivo using “Co y rays. The animals were killed and the 
tumours removed either immediately after irradiation or 
18h later, and cell suspensions were prepared for assay. 
Acute hypoxia was induced by killing mice by nitrogen 
asphyxiation 15 min before the start of irradiation. In vitro 
aerobic irradiation was carried out on freshly prepared 
tumour-cell suspensions. 

The results of in vitro irradiation and in vivo irradiation 


Fig. 1 Survival curves for the xenografted tumour cells treated 
with single doses of y radiation. x , Cells irradiated as a single-cell 
suspension in aerobic conditions im vitro and assayed using the 
in vitro colony assay. The other data are for tumours irradiated 
in Situ: O @, assay immediately after irradiation in air-breathing 
mice; A A, assay 18 h after irradiation in air-breathing mice; 
("1 WM, assay immediately after irradiation in nitrogen-asphyxiated 
mice. Open symbols indicate the results of the diffusion chamber 
assay; Closed symbols the results of the jn vitro assay. 
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in air-breathing and hypoxic conditions are shown in Fig. 1. 
The two assays agree well and we are unable to detect any 
systematic differences between them. The in vitro cell 
survival curve has a Dy of 96+9 rad. (Dy is the dose that 
reduces survival by 63% on the exponential part of the 
curve.) The in vivo air-breathing survival curve for animals 
killed immediately after irradiation shows an initial sensitive 
component and a radioresistant component, the Da of which 
is 305+16 rad. The Dy values for the terminal parts of the 
other two curves are not significantly different from this 
and we have therefore drawn the three curves parallel. 
From the vertical displacement of the hypoxic curve from 
the lowest air-breathing curve we calculate an hypoxic 
fraction of 0.25. The oxygen enhancement ratio is 3.1+£0.4. 
The data obtained on tumours that were taken 18h after 
irradiation, are displaced vertically from the other air- 
breathing curve by a factor of 2.2. This displacement shows 
that the fractional survival of tumour cells obtained at 18h 
after irradiation was greater than when the cells were 
removed immediately. Two mechanisms may be involved: 
the repair of potentially lethal damage or the selective 
death or disappearance during the 18-h period of lethally 
damaged cells. Repair of potentially lethal damage has been 
reported in cell populations irradiated in vitro and in vivo*". 
The present data suggest that the 18-h curve is parallel to 
the other two curves down to radiation doses as low as 
200 rad, but more data are required to confirm this. 

Limited clinical experience with irradiation in pancreatic 
carcinoma suggests that this is not usually a radioresponsive 
tumour’. It is therefore of interest that the Da values which 
we have obtained are within the range of values determined 
using tumours of laboratory animals. The hypoxic fraction 
is also no less than has been found in experimental tumours, 
but the significance of this must be interpreted with caution 
because of the possible influence on this parameter of 
vascular stroma derived from the mouse. One interpretation 
of these data, however, is that the response of pancreatic 
carcinoma to radiotherapy is limited by the high proportion 
of hypoxic cells. This provides support for current efforts to 
improve clinical therapeutic response by the use of chemical 
radiosensitisers or high LET radiation. 
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In vivo hyperthermia 
of Yoshida tumour induces entry 
of non-proliferating cells into cycle 


HYPERTHERMIA (temperatures in excess of 40°C) is at 
present receiving widespread interest as a potential method 
of treating cancer. High temperature can selectively destroy 
several types of cancer cell in vitro and in vivo”, and exten- 
sive lysis has been achieved clinically in limb tumours 
maintained at 41.5-43.5 °C for 6-8h (ref. 1). In spite of 
these encouraging findings, fundamental information is 
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Fig. 1 Growth curve of the Yoshida sarcoma (Wi), and tumour 

volume changes after curative hyperthermia (intratumour 

_ temperature 42 °C for Ih) on day 9 after implantation (@). 

Figures in brackets indicate the numbers of tumours (rats) used 
te construct the curves. 


needed on the factors governing tumour response to heat 
before the place of this approach in cancer therapy can be 
defined. Inadequate heating of the Yoshida rat sarcoma 
(in terms of temperature and/or time relative to tumour 
volume) increased tumour metastasis and suggested an in- 
fluence of population kinetics on the outcome of heating*’ 
Work in vifro has shown hyperthermic cell killing to be 
preferentially cycle’’ and phase*™™ oriented. Implication of 
cell kinetics in the response to heat is further suggested by 
work on the rabbit VX2 carcinoma. A single heat applica- 
tion (intratumour temperature 42 °C for 1h) does not 
destroy this tumour, whereas three such treatments if 
applied within the tumour cell generation time are cura- 
tive’. This report describes changes in the in vivo cell 
kinetics of the Yoshida sarcoma after curative heating at 
42 °C, with emphasis on stimulation of non-proliferating 
tumour cells into cycle. | 

Details of the history and maintenance of the solid 
Yoshida sarcoma are described elsewhere’. For this work, 
the tumour was grown in the dorsum of one hind foot of 
the rats. After implantation of 0.1m! homogenate the 
tumour grew progressively killing the host by metastasis in 
approximately 45d. The tumour volume growth curve 
exhibited three distinct phases (Fig. 1)—an initial lag phase, 
followed by an exponential phase from day 5 to 10, and 
finally a slower growing ‘tail’ phase in keeping with the 
Gompertz growth function for solid tumours". 

Tritiated thymidine (H-TdR: Radiochemical Centre, 
Amersham; 1 mCi ml’; specific activity 21 Ci mmol™) was 
diluted for injection with normal saline. “H-TdR was given 
intraperitoneally to the rats in the following doses: animals 
to be killed for the percentage labelled mitoses (PLM) and 
l-h (flash) labelling work were given a single 400-pCi 
injection in 1 ml saline; animals for repeated tumour label- 
ling experiments received 100 «Ci ‘H-TdR every 6h, and a 
further 100 „Ci 1h before killing. Autoradiographs of 4-um 
paraffin-embedded hemisections of the tumours were pre- 
pared using the ‘dipping’ technique” with Ilford K-2 emul- 
sion. After 14d exposure time, the autoradiographs were 
processed *with D-19 developer and F-S fixer, and stained 
with haematoxylin and eosin. For the PLM curves, 500 
anaphases and metaphases were counted ‘blind’, and for the 
flash and repeated labelling indices (°% labelled cells) a 


total of 2,000 cells were scored. Vincristine (Oncovin, Eli , 
Lilly, Basingstoke, UK) was injected at a dose of 1 mg kg” 
in 1 ml saline. Paraffin sections (4 um) were stained as above 
and the mitotic index (% mitoses) determined by counting 
4,000 cells. 

The PLM curve of the 1.0-1.5 ml Yoshida sarcoma was 
constructed from results obtained with 60 tumours exam- 
ined at l-h intervals for 30h. The median cell cycle times 
shown in Table 1 were obtained by graphical inspection of 
the curve at the 50% points. The flash-labelling index (/1), 
or percentage labelled cells ł h after exposure to “H-TdR, 
was 52.5%. These data were used to determine the growth 
fraction (fraction of the tumour cell population that is 
actively proliferating, /p; ref. 15), assuming exponential 
growth and age distribution of the cells. The birth rate (Kx), 
or rate of production of new cells, was estimated by mitotic 
blocking with vincristine (Fig. 2), birth rate being the slope 
of the line’. Tumour doubling time (derived from the 
slope of the growth curve, Fig. 1) and birth rate data were 
used to estimate the cell loss factor’’ (or ratio of the rate 
of cell loss to birth rate). 

Tumours of 1.0-1.5 ml were heated at 42 °C (intratumour 
temperature) for 1h by immersing the foot bearing the 
tumour in a water bath. In these conditions, all tumours 
regressed completely within 14d (Fig. 1) with cure of the 
host rats. The effect of hyperthermia on žu, is shown in 
Fig. 3, which provides an indication of the fraction of cells 
synthesising DNA over the 9d after heat treatment. For 
the first 24h after heat treatment, Z, was depressed but 
recovered to near control levels at 2d; it then fell progres- 
sively to zero by 9d as the tumour regressed, Changes 
occurring in the first 48h after heat treatment were 
examined in more detail by repeated “H-TdR-labelling (Fig. 
4). In controls repeatedly labelled every 6h, the labelling 
index increased to a plateau level of almost 80% labelled 
cells after 8h. With curative hyperthermia, a complex 
sequence of events ensued. Labelling was grossly depressed 
immediately after heating, but increased rapidly to a 
maximum of 60% after 8h; an equally rapid decline in 
labelling index to a minimum of 5% at 14h then preceded 
a final perturbed recovery to a plateau of approximately 

60% labelled cells 36h after heat. 

The decline in labelling to 5% at 14h after heat can 
only be due to cell death. Thus, more than 90% of the cells 
proliferating (P cells’) after hyperthermia had been lost by 
14h, the median cell cycle time of the tumour. This would 
imply that cells damaged at the time of heating had pro- 
gressed through one cell cycle and died, possibly in mitosis. 
It seems unlikely that the rapid recovery of labelling and 


Fig. 2 Mitotic accumulation after vincristine arrest in untreated 
Yoshida sarcoma. Cell birth a ee slope) = 0.094/2 = 0.047 
cells h 
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Fig. 3 °H-TdR flash-labelling index in the Yoshida sarcoma 
after curative hyperthermia. From 30 min onwards, each point 
is the mean of two separate experiments. 


mitosis (as determined by vincristine blockade) from 14 to 
36 h is caused by cells in cycle at the time of heat treatment. 
A more likely explanation is the entry into S phase of a 
population of cells not proliferating (Q cells) at the time of 
heat treatment: this would repopulate the tumour from 14h 
onwards. Further evidence in favour of this is shown in 
Fig. 4. Repeated labelling was terminated at 14h after 
heat, the time of maximum cell death: only a small increase 
in labelling was subsequently observed. When repeated label- 
ling was commenced at 14h, the labelling index recovered 
to the 60% region by 30h after heat. These two experi- 
ments support the hypothesis that the recovery in prolifera- 
tion from 14h after heat in this tumour is mainly due to 
cells in the non-proliferating compartment at the time of 
heat treatment. 

The PLM curve of the tumour 30h after heat treatment 
provided durations for the cell cycle components that were 
not significantly different from those of the untreated 
tumour (Table 1). This is further substantiation that the 
changes in cell kinetics produced by curative hyperthermia 
are primarily in population size and the relationship of 
the P and Q cell compartments, rather than in cell genera- 
tion times. 

The data imply a preferential destruction of P cells in 
the Yoshida sarcoma by hyperthermia followed by the 


Fig. 4 Repeated *H-TdR labelling in untreated Yoshida tumours 

(Ah tumours labelled 0-48 h after hyperthermia (@). tumours 

in which labelling was terminated at 14h after heating (7), or 

tumours in which labelling was commenced at 14h and con- 
tinued to 48 h after heating (°°). 
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Table 1 Cell kinetic parameters of the Yoshida sarcoma 





Tumour volume (ml) 1.0-1.5 
Doubling time (h) 36 
Duration (h) of cell cycle and components: 
ic T's To,” To, Tm 

(14.1) (9.7) (—) (4) (0.4) 
Flash (1 h) labelling index (i) 0.525 
Growth fraction Up) 0.678 
Birth rate (cells h~') (Kg) 0.047 
Cell loss factor {p} 0.590 





*Tumour has no detectable G, phase. 


recruitment of Q cells into cycle. Similar effects have been 
observed after radiation’ or chemotherapy", and the timing 
of recovery has been used to plan fractionated therapy 
regimens. In spite of apparent kinetic recovery after heat 
treatment, the tumour regressed within 14d with complete 
cure of the animals. The sensitivity of the Yoshida sarcoma 
to hyperthermia at volumes of 1.0 to 1.5 ml may be due 
to its high growth fraction (/r==0.678) and the dominant 
position of the relatively sensitive S phase’’™ in its cell 
cycle (9.7 out of 14.1 h). The failure of cells surviving the 
first 48h after treatment to maintain the growth of the 
tumour implies an inability to repair sublethal damage and/ 
or the operation of host factors in the destruction of the 
heat-treated tumour. “H-TdR-labelled cells and mitoses 
were observed in tumour sections up to 6d after heat 
treatment. This confirms in vitro findings’? that several 
mitoses (up to 10 in the case of the Yoshida tumour) may 
occur before the expression of lethal hyperthermic damage. 
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Antibodies to melanoma cell and 

BCG antigens in sera from tumour-free 

> pai i 
individuals and from melanoma patients 

THe Mycobacterium bovis strain BCG shares antigenic 
components with several neoplasms, including human 
malignant melanoma’. Other species of bacteria also have 
antigenic similarities with a guinea pig hepatomp’. Anti- 
bodies to mycobacteria and other bacterial antigens are 
universally present in sera from normal humans’. Since 
there is a broad range of shared or cross-reactive antigens 
among mycobacteria and unrelated microorganisms’, it Js 


we 
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conceivable that an immune response by normal humans to 
mycobacteria has been induced by exposure to taxonomic- 
ally unrelated microorganisms ubiquitous in the environ- 
ment. Cytotoxic reactions by lymphoid cells from normal 
animals and humans to many kinds of tumour cells have 
been reported'’”'’, Antibodies in sera from patients with 
various neoplasms have often been observed that react with 
antigens derived from their own tumours or from those of 
the same histological type’*”". Humoral] responses to tumour- 
associated antigens have also been noted in sera from 
normal humans, gibbons and mice”, We have investigated 
whether sera from normal, tumour-free humans contain 
antibodies which can react with melanoma-associated as 
well as with BCG antigens. If this were the case, perhaps 
immunological reactions by normal humans to certain 
tumours are widespread and reflect pr: vious sensitisation by 
_ microorganisms. 

BCG (Glaxo) was obtained from the US-Japan Coopera- 
© tive Medical Science Program. Subcultures of BCG were 
grown, killed by heat, washed and disrupted by sonication. 
< After centrifugation the resulting supernatant was separated 
“and is referred to as BCG-SS (ref. 3). 

Melanoma cells were grown in tissue culture and were 
provided by Dr G. Moore, Denver General Hospital’. They 
originated from a biopsy of a metastatic inguinal node of 
a male, aged 43 yr, whose primary lesion was on the heel 
of his right foot. They were treated with 3M KCI as de- 
scribed before’. These KCI extracts have been used pre- 
viously to investigate antigenic relationships between 
human malignant melanoma cells and BCG. It has been 
suggested that the antigenic determinants from this mel- 
anoma cell line which are shared with BCG are the group- 
specific cytoplasmic tumour antigens in melanoma cells’. 

The melanoma cell KCI extract and BCG-SS were labelled 
with "I using a. modified chloramine T method as pre- 
viously described** and are referred to as ™I-mel and '*I- 
BCG, respectively. The labelled antigens were diluted in 
1: 100 normal human serum in borate buffer so that their 
concentrations ranged from 0.01 to 0.008 ug N per 0.1 ml 
and so that the c.p.m. of 0.1 ml of labelled antigens used 
in the test procedures were 10,000—15,000. 

The primary interactions between labelled test antigens 
and antibodies were analysed by precipitation of '*I-labelled 
antigen-antibody complexes with anti-human IgG (anti- 
HGG). The amount of anti-HGG required to precipitate all 


Fig. 1 Results of binding tests using -BCG 
(a) and !=]-mel (b) expressed as percentage 
labelled antigens bound by 0.1 ml of a 1:5 
dilution of whole serum. I, All melanoma 
(63); 2, Stage 4 melanoma (I7); 3, no 
disease (50). ; 


'?*1-BCG in precipitates {(“,) 
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the HGG in a given test sample was determined as pre- 
viously described”. Inhibition and absorption experiments 
were also carried out to evaluate the specificity of the 
observed reactions. Details of these procedures have been 
described before*™. 

Sera from 63 patients with malignant melanoma were 
obtained shortly after surgery and before the patients were 
started on a chemoimmunotherapy programme. Thirteen 
patients had stage | disease, four had stage 2, 29 had stage 
3 and 17 were stage 4. Ages ranged from 21 to 72 yr. There 
were 41 male and 22 female patients. Control sera were 
from 50 healthy subjects, most of whom were personne! at 
the National Jewish Hospital and Research Center 
(NJHRC). Sera were not obtained from subjects who had 
been in contact with human tumours in the laboratory, 
Ages ranged from 25 to 50 yr and there were 20 males and 
30 females. Sera were obtained from two patients at the 
NJHRC who were under treatment for advanced, active 
tuberculosis. 

When sera from all the patients and normal subjects were 
tested for their capacity to bind ™1-BCG and ‘“I-mel there 
was a wide range in their capacity to bind both 
radiolabelled antigens (Fig. la and $} As a. group, 
sera from patients with melanoma bound ‘"1-BCG 
to about the same extent as did sera from normal subjects. 
The capacity of sera from 17 patients with stage 4 disease to 
bind '*I-BCG was somewhat less than that of normal sera. 
These differences, however, were not significant (P<0.2). 
When the same sera were reacted with "I-mel, more anti- 
gen was bound by normal sera than by sera from the 
melanoma patients (P<0.025). The overlapping of data be- 
tween these two groups made it impossible to correlate 
disease and the amount of antigen bound by individual 
serum samples. When sera from patients with stage 4 were 
compared with normals they were found to have signifi- 
cantly lower (P<0.005) binding values. Lower antibody 
levels to antigens have been shown when circulating antigen, 
soluble antigen-antibody complexes or anti-idiotype anti- 
bodies are present, and this may be the case in some patients 
with far advanced melanoma’? ">S, 

A series of experiments was then undertaken to evaluate 
the specificity of the binding data. The capacity of urn- 
labelled BCG-SS to inhibit binding of '*1-BCG and ™I-mel 
by selected sera was examined. Sera from 11 melanoma 
patients and from seven normal subjects were preincubated 
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Fig. 2 Inhibition of binding of 1*I-BCG (a) 

and '*]-mel (6) by sera from normal (open 

3 symbols) and melanoma (closed symbols) 

` patients after preincubation of sera with 
dilutions of BCG-SS. 





72 360 


ug N unlabelled BCG-SS added to antisera before addition of labelled antigens 


with 300 ug N unlabelled BCG-SS. Control samples were in- 
cubated with borate buffer. Twenty-four hours later, I- 
BCG and **I-mel were added and binding capacities of the 
antisera were determined. The percentage decrease of bind- 
ing is shown in Table 1. Unlabelled BCG-SS considerably 
inhibited the binding as expected to ““I-BCG. To a lesser 
extent it also reduced the binding by most of these antisera 
to '*I-mel. This is compatible with observations that some 
antigenic components are shared between BCG and 
melanoma cells‘. 

Inhibition studies were carried out in greater detail using 
sera from three melanoma patients and two normal indi- 
viduals. Serial dilutions of 0.1 mi of unlabelled BCG-SS 
were tested for their capacity to inhibit binding of 0.1 ml 
of *I-BCG and ‘“I-mel to 1:5 dilutions of antisera. Con- 
trols consisted of 0.1 ml of borate buffer added to the diluted 
antisera. After overnight incubation, labelled BCG and 
melanoma antigens were added and binding to these anti- 
gens was determined. As little as 2.8 wg N unlabelled BCG- 
SS inhibited the binding by both normal and melanoma 
antisera to **"1I-BCG, and with increasing amounts there was 
slightly more inhibition (see Fig. 2a and b). When **I-mel 





Table 1 Percentage decreases of binding of '*I-BCG and }*°I-mel by 
sera from normal subjects and patients with malignant melanoma 
after preincubation of sera with 300 pg N unlabelled BCG-SS 





Antisera from 1257.BCG antigen '25]-mel antigen 


Normal humans 


(No.) 
l 54.5 2.4 
2 31.5 7.0 
3 70.6 22.8 
4 58.2 43,2 
5 29.3 0.4 
6 55.5 42.7 
7 36.6 19.9 

Melanoma patients 

1 29.2 2.9 
2 572 10.6 
3 47.7 0.4 
4 40.6 1.2 
5 62.7 28.0 
6 57.1 23.2 
7 48,7 20.4 
8 49.1 6.3 
9 50.1 32.5 

10 50.7 5.9 

{1 > 30.7 -+ 1.6 





Percentage decrease = l l 
(CET in precipitates after preincubation with BCG-S5S ~ 100 
c.p.m. in precipitates after preincubation with buffer p 


was the antigen there was similar inhibition of binding by 
four of the five sera tested, but more BCG-SS was required. 
As Fig. 2b shows, 72ug N caused slight inhibition and 
300 ug N were considerably more effective. 

Sera from two melanoma patients, two normal subjects 
and two patients with active tuberculosis were then absorbed 
with 310" intact melanoma cells, or with 2x 10° normal 
human spleen cells, and then reacted with ‘*I-mel (Table 
2). Sera from patients with tuberculosis were included be- 
cause they generally have greater capacities to bind ‘*I-BCG 
than do sera from normal subjects’. After absorption with 
melanoma cells there was a marked reduction in binding to 
2°1_mel by all the sera. Absorption of the same sera with 
normal human spleen cells showed only slight decreases, 
except for normal serum No. 1, where there was a more 
moderate decrease in binding. Not shown in Table 1, there 
was no reduction in binding to '*I-BCG after absorption 
with 3x10 melanoma cells. Unfortunately, greater num- 
bers of melanoma cells were not available for additional 
absorptions. 

Our previous studies and those of others have indicated 
that antibodies to mycobacteria and various unrelated bac- 
teria and fungi are present in sera from humans with no 
history of exposure to these microorganisms’’*. In this study 
antibodies to a melanoma-associated antigen were detected 
in sera from the normal subjects tested. The binding and 
inhibition test results indicated that the reactions by normal 
sera were true immunological manifestations even though 
the specific stimulating antigen(s) was not identified. Because 





Table 2 Binding of 125]-mel by sera from normal persons, patients 
with malignant melanoma and tuberculosis after absorption with 
melanoma and spleen cells 





c.p.m, in precipitates 
Absorbed with 


Antisera from Unabsorbed Melanoma Normal 


cells* spleen cellst 
Normal human 
(No.) 
l 7,546 1,827 5,681 
2 7,983 1,847 7,742 
Melanoma 
patient 
i 7,408 1,963 7,352 
2 7,034 1,762 6,831 
Tuberculosis 
patient 
i 5,373 1,695 è 5,269 
2 1,834 1,520 1,798 


rms armies RAR AANA PTET AEP RAILLNAAAAALO HHI SNORE OME, 
*3 x 107 melanoma cells were used to absorb 1.0 ml of serum. 
+2108 normal human spleen cells were used to absorb 1.0 ml 
of serum. 
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of the antigenic relationships between BCG and melanoma 
cells?'*'*, antibodies to melanoma-associated antigens might 
have been induced by exposure to mycobacteria or other 
microorganisms. Because the sharing of antigens between 
tumour cells and bacteria may be widespread’, immune re- 
sponses, whether cellular or humoral, may exist in normal 
humans to various tumours. Some of the frequently 
reported and unexplained cellular and humoral reactions to 
tumour antigens by normal persons’ ™ may have been 
induced by exposure to microorganisms. Immune responses 
by normal subjects'’*”*’ or animals to tumour antigens are 
often referred to as “natural” or ‘nonspecific’. Results of 
this and previous studies’’” imply rather that immune 
reactions by normal subjects to melanoma-associated anti- 
gens can be the result of direct and specific stimulation by 
antigens of mycobacteria. 

It is possible then that just as normal humans respond 
immunologically to bacterial antigens, they may also re- 
spond immunologically to some tumour antigens. H this is 
the case then immune responses by patients to tumour 
antigens may sometimes represent an elevation of an ”iso- 
immune” state, rather than a new actively acquired immune 
response and may influence the course of neoplastic disease. 
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Inhibition of tumour growth 
in vivo and in vitro by prostaglandin E 


PROSTAGLANDIN E (PGE), both endogenous and exogenous, has 
been shown to inhibit significantly the rates of tumour-cell 
proliferation in vitro'~!, Suppression of PG biosynthesis with 
indomethacin** resulted in stimulation of cell replication, an 


TTI 


effect which was readily reversed by the addition to the medium 
of small amounts of exogenous PGE, (10 ng mi-?) (ref. 5). 
Corticosteroids have recently been shown to inhibit the bio- 
synthesis of PGE by rheumatoid synovia’ and mouse fibro- 
sarcoma HSDM, (ref. 8) iv vitro; the mechanism of this action 
seems to be by interfering with the release of arachidonic acid 
from phospholipids’. To evaluate further the possible role of 
PGE in the control of tumour-cell proliferation, we have studied 
the effects of hydrocortisone and indomethacin on the growth 
rate of B-16 mouse melanoma i vitro. The studies demonstrate 
that both compounds cause significant stimulation of tumour- 
cell replication in vitro, associated with inhibition of PG 
biosynthesis, albeit by two different mechanisms. In addition, 
we have extended the observations on the effects of exogenous 
PGE,, by demonstrating that subcutaneous administration of 
16,16-dimethyl-PGE.-methyl ester significantly inhibits tumour 
growth in vivo, 

The in vitro studies were all performed using B-16 melanoma 
cultured in modified McCoy's 5A medium, containing 15% 
foetal calf serum, glutamine (220 ug ml), penicillin (100 U 
mi~?) and streptomycin (0.1 mg ml ~+). Cultures were maintained 
in 75-cm®? plastic T-flasks at 37--0.5 °C in humidified 95%, air, 
5° CO,, and media were changed on alternate days. Media 
containing PGE,. indomethacin and hydrocortisone were 
sterilised by Millipore filtration. Control media contained 
identical concentrations of ethanol (< 0.01%). For counting, 
cells were removed using 0.1%, trypsin, EDTA, 1.5 mg mi, 
and mechanical scraping and were resuspended in medium. At 
least triplicate cell counts were performed using a haemocyto- 
meter; cell viability, as determined by vital dye exclusion’? 
(Nigrosin 0.2°), ranged from 92.5 to 100°% and was not 
influenced by the addition of exogenous PGE,, indomethacin, 
or hydrocortisone. PG concentrations in media and supernatants 
were measured by radioimmunoassay after organic solvent 
extraction and silicic acid chromatography as described 
previously®!!, 

In an initial experiment, 2x 10° B-16 cells were plated in 
duplicate flasks containing PGE, (1 ug mi), indomethacin 
(10-* M), or hydrocortisone (10 * M). Exogenous PGE, 


inhibition was statistically significant at days 4 and 6 (P < 0.05 
and P < 0.001, respectively). As in previous experiments, 
indomethacin caused a significant (35.5%) inhibition of PG 
concentrations in the media and resulted in a mean 17.0 -3.254 
stimulation of cell replication, which was statistically significant 
at days 4 (+-18%: P < 0.05%) and 6 (22°; P < 0.005%). 
Hydrocortisone produced similar results, significantly stimula- 
ting cell proliferation and decreasing endogenous PGE concen- 
trations in the media. 

The relationship between the concentration of exogenous 
PGE and the degree of inhibition of cell proliferation was 
tested in duplicate experiments in which 0.5, 1.0. 2.0, 5.0 and 


48 h. There was a gradual dose-response curve with higher 
ratios of PGE/cell causing more inhibition (31.4%, 37.5%, 
25.8°, 22.8°% and 22.4°, respectively). 

The effect of hydrocortisone on the proliferation rate was 
investigated further by plating 2.5 10° cells from one stock 
culture in duplicate control media as well as duplicate media 


All three concentrations of hydrocortisone caused significant 
stimulation of cell replication (Table 1). Maximal stimulation 
(mean 36.5°%) was achieved with 10°76 M hydrocortisone; 


and © 32.2°°, respectively. In spite of the large cell numbers 
achieved, there seemed to be no contact inhibition of growth. 
Total PGE biosynthesis (cells’ media) was linear in control 
conditions and was inhibited significantly by hydrocortisone at 
all threeconcentrations (Fig. 2), Each of the three concentrations 
of hydrocortisone inhibited PGE synthesis approximately 50%. 
The effect of hydrocortisone on PGE concentrations was similar 
in media and cells, which rules out the possibility that hydro- 
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Table 1 The effect of hydrocortisone on B-16 proliferation in vitro 





Number of cells x 10° 


Hydrocortisone Oh 48 h 96 h [44h 
0 0.25 0.40:-0.01 4850.55 9.95 0.55 
0.3 x 10M 0.25 0.5t--0.03 5.80-0.40 10.65-0.75 
10-8 M 0.25 0.67-0.04 5.97-0.02 11.78-0.35 
107 M 0.25 0.54-0.06 6.55 0.45 12.60-0.90 
10M 0.25 0.47 -0.04 4.65 +0.05 9.55 --0.65 


+PGE,, 10 ng ml ~? 





The effect of hydrocortisone on B-16 proliferation in vitro. Data 
represent mean +s.d. of duplicate determinations at each time point, 
at least triplicate counts were performed for each determination. 
Viability exceeded 95° in all cultures. Compared with control 
values, hydrocortisone caused mean stimulation of cell replication: 
0.3% 107° M, 18.1%: 107° M, 36.5%: 1077 M, 32.5%: 107° M+ 10 
ng ml! PGE, 3.2%. 


cortisone only inhibited the release of PGE from cells. Using 
regression analysis, the degree of stimulation was not signifi- 
cantly related to the degree of inhibition of prostaglandin 
biosynthesis (P > 0.05). Therefore, in order to verify that the 
effect of hydrocortisone on stimulation of cell replication was, 
in fact, a result of its induced inhibition of prostaglandin 
biosynthesis, an identical experiment was carried out in which 
cells were grown in media containing both 10°* M hydrocorti- 
sone and exogenous PGE,, 10 ng mi> (the approximate 
endogenous concentration in control conditions). Small concen- 
trations of exogenous PGE, normalised the growth rate 
(Table 1). 


Fig. 1 Effect of PGE,, indomethacin and hydrocortisone on 
B-16 replication in viro. Data represent means of duplicate 
flasks at each time point; for each determination at least triplicate 
counts were performed. A, Controls; W. hydrocortisone 
IOM; ©, indomethacin 107" M; @. PGE, | pg mint. 
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Fig. 2 Effect of hydrocortisone on PGE biosynthesis, Data 
represent total (media #- intracellular) concentrations mean 4-s.¢.m. 
Each determination was based on duplicate radioimmunoassay 
determinations on replicate samples. Hydrocortisone: W. 0 
(control); ©, 0.3 «107° M; @, 10°° M; a, 107 M. Compared 
with the controls, hydrocortisone produced significant (P < 0.05) 
inhibition of PGE biosynthesis, 63.0%, 45.410 and 57.7%, 
respectively. Hydrocortisone produced slightly less inhibition of 
PGF synthesis; the PGE/PGF rates averaged 3.12 in the control 
experiments and 2.39 in the hydrocortisone experiments. 


No. of cells x 10° 





Time (h) 


In an experiment designed to evaluate if hydrocortisone 
interfered with the cyclo-oxygenase system, homogenates were 
prepared in which 5x 10° sonicated cells were mixed with 
glutathione (55 ug mi~), hydroquinone (0.55 ug mi~), EDTA 
(5.5 ug ml), and arachidonic acid (500 pg ml ~?) as previously 
described?2, After I h of incubation at 37 C in 95°% air and 
5°” CO., the homogenates were extracted for measurement of 


_ 


PGE concentrations. In the control conditions, homogenates 
of 5x10? cells synthesised 9.7 ng of immunoreactive PGE. 
Inclusion of hydrocortisone at a final concentration of 10~° M 
did not alter PGE synthesis (9.6 ng). On the other hand, 
indomethacin (10 M) produced 92.9°% inhibition of the 
conversion of arachidonic acid to PGE, (0.74 ng). 

In in vive studies, 37 3-week old litter mate female CS7BL/6J 
mice (Jackson Laboratories) were injected subcutaneously with 
I~ 10% viable B-16 melanoma tumour cells suspended in 
0.2 ml of McCoy’s medium containing penicillin and strepto- 
mycin but no foetal calf serum, They were divided randomly 
into control (7 = 19) and test G7 ~ 18) groups ami within 2 
min received a subcutaneous injection in the same area of 0.1 
ml of 0.9°% sodium chloride containing either 25° absolute 
ethanol (control group) or an ethanolic solution containing $ 
ug of 16:16-dimethyl-PGE.-methy! ester (test group), The 
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Table 2 The effect of 16,16-dimethyl-PGE,-methyl ester on B-16 growth in vivo 


gerne rit mivetnninnnssn pn eympmmmti thi OOOO O EONO EEEE aaa aaaea TET HHT I ee enn runna Miana eiela ba aaaeaii 


Control group 


Tumour Cells per g Body Total cells 
weight* tumour weight in tumour} 
No (mg) {x 10°) (g) ( x 108) 
| = _ 23.0 oe 

2 230.1 —- 20.0 $9.46 

3 230.8 284.0 19.0 59.64 

4 1,008.7 266.6 20.0 260.65 

5 685.7 ~= 18.0 177.00 

6 834.9 236.8 11.0 215.74 

7 428,0 _ 12.2 110.59 

8 477.3 230.8 14.3 123.33 

9 487.1 -l 14.9 125,86 

10 {25.9 _ 14.5 32.53 

Ht 465.7 _ 13.8 120.33 

12 508.0 os 12.0 131.26 

13 492.3 ~ 14.0 127.21 

14 243.7 __ 13.0 62.97 

15 432.5 a 11.0 111.75 

16 818.5 a 14.8 211.50 

17 276.9 | = 17.8 71.55 

18 988.6 273.8 14.5 255.45 

19 136.3 mo [9.2 35.22 
Mean (18) 492.8 258.4 15.4 127.3 
Age -f 64.9 abe 10.4 LOS -+- | 6.7 
Mean (19) 466.9 ow -l 120.6 
tse. -$v 66.6 -de | 7.2 





earan 


PGE group 


Tumour Cells per g Body Total cells 
weight* tumour weight in tumour} 
No. (mg) {x 10°) (g) {x 105 
| = _ 23.5 mm 
> ig! bet ot! ee 
3 30.6 ve 27.0 5.63 
4 37.0 oS 6,81 
5 — _ 40 vn 
6 $3.0 2 = 18.0 33,70 
7 63.1 =-= 19.7 11.62 
8 481.6 206.3 18.5 88,71 
9 455.0 160.7 15.9 RABI 
10 45.6 e 16.9 8.39 
li 151.7 185.8 11.9 27,94 
12 24.3 -= i5.5 4,47 
13 _ _ 20.1 = 
14 30.1 ~= 21.3 5,34 
15 — 15.4 _ 
16 64.1 — 16.7 11.80 
17 179.7 oa 18.8 93,10 
18 231.1 wee 17.9 42.57 
(13) 152.0 184.2 18.08 28.0 
+ 43.4 L131 i -8.0 
(18) 109.8 on = 20.2 
4 -35.1 6,5 
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The effect of 16,16-dimethyl-PGE.-methyl-ester on B-16 growth in vivo, 


*Tumour weights represent wet weights tmmediately after collection. 


+Total cells per tumour was determined by tumour weights x mean cell number per g of tumour in each group. 


identical injection procedure was repeated daily. Tumours were 
apparent approximately 10 d after innoculation in both groups. 
After 18 d the mice were killed with ether and the tumours were 
collected and weighed. No necrosis was apparent in any tumour 
in either group. Tumour cells were separated by passage through 
a 120 mesh stainless steel grid. After washing twice with 
medium, the cells were resuspended and counted as described 
previously. As shown in Table 3, 18 of 19 (95°) mice in the 
control group developed subcutaneous tumours which weighed 
of the mice in the test (16,16-dimethyl-PGE.-methyl ester) 
group developed identifiable tumours. Using a y? test, this 
difference was statistically significant with a P value of < 0.05. 
Furthermore, among the 13 tumour-bearing animals, the mean 
tion; compared with the mean weight of the tumour-bearing 
controls, this difference was also statistically different with a 
P value of < 0.001. Based on the mean number of cells per g of 
tumour in each group, it was possible to plot the fate of the 
10° injected cells. In the control group, the tumours represented 
an average of 120.6 108 17.2 cells per mouse (including the 
tumour-free animal) whereas in the test group, they repre- 
sented 20.2 = 10°--6.5 cells per mouse. This difference (inhibition 
by 83.2%) was statistically significant (P < 0.001). At the 
completion of the experiment, the control mice weighed an 
average of 15.4 -!-0.8 g, and the test group 18.1 -1.1 g(P < 0.05); 
there was no correlation between tumour weight and the body 
weight of the mice. 

These studies have further implicated PGE in the control of 
tumour cell growth. Inhibition of PGE biosynthesis. either 
by indomethacin or by hydrocortisone results in stimulation 
of cell proliferation; the effect of both of these compounds can 
readily be reversed by the addition of small (subthreshhold) 
amounts of PGE,. The effect of PGE, in inhibiting proliferation 
is, in general, dose related. These iv vitro observations are 
further substantiated by the iv vivo experiments, in which 
subcutan€ous (and after the appearance of tumours, intra- 
tumour) administration of a long-acting PG analogue resulted 
in significant suppression of tumour growth. 

We acknowledge the technical assistance of D. Lazan, D. 


Wallace and L. Lavalle and also thank the Upjohn Company 
for providing 16,16-dimethyl-PGE.-methyl ester and PGE, 
M. G. SANTORO 
G. W. PHILPOTT 
B. M. Jarre 
Department of Surgery, 
Washington University School of Medicine, 
St Louis, Missouri 63110 


Received July 12: accepted August 30, 1976. 


i Prasad, K. N., Nature new Biol., 236, 49-82 (1972), 

2 Johnson, G. S$., Pastan, J., Perry, C V., Otten, da and Wilhogham, M.. gr Prostar 
landins in Cellular Biology tedit. by Ramwell, P.W. and Pharris, B. B.J, 193-208 
(Plenum, New York, 1972), 

1 Thomas, D. R.. Philpott, G. W.. and Jaffe, B. M., J. sure. Res, 16, 463-465 (1974), 

4 Hamprecht, B., Jaffe, B. M., and Philpott, O. W, PEBS Let, 36, 193-198 (1973), 

š Thomas, D. R., Philpott, G. W., and Jaffe, B. M., Expl Cell Rea. $4. 40-46 (1974), 

d Vane, J, R.o, Mature new Biol., 2341, 232-235 (19753, 

? Kantrowitz, F., Robinson, D. R. McGuire, M. Bo and Levine, L., Aurere, 258, 
737-739 (4975). 

* Tashjian, A. H., Jr, Voelkel, E, Fao McDonough, J.. and Levine, L, Nature, 238, 
739—-741 (1975). 

* Hong, $. L.. and Levine, L., Proc. sata. Acad. Sef. US 4, fin ibe press. 

19 Phillips, H. J., and Terryberry, J. E., Expl Cell Res, PA, 244-347 {19537 
i Jaffe, B. M., Behrman, H. R. and Parker. CO. W. Clin. Teret 52, 308-405 (1974), 
12 Cohen, F., and Jaffe, R. M. Biochem. biophys, Res. Compune 88, 724-729 (POTS, 


Signal for cell fusion 


THe mating of the gametes of Ufva mutabilis’ occurs essen- 
tially as described for Chlamydomonas’. When the gametes 
are mixed, they cluster and agglutinate with the tips of their 
flagella. Pairs consisting of a (+) and (—)-gamete leave the 
cluster, the cell bodies are brought together and fusion 
initiated. In Chlamydomonas agg apparently 
creates a signal which triggers the later events of cell wall 
Ivsis, mating structure activation and cell fusion’. The 
gametes of Ulva lack a cell wall and have apparently no 
elaborate mating structure’*". This note shows that the 
signal in Ulva activates particular areas of the membrane 
for fusion only for a limited time. and if fusion does not 
vecur then, the ability to fuse is lost permanentiv. 


hoth at 10°C and 22 °C, but that the numbers which fuse 
are considerably lower at 10°C than at 22 °C. The data in 
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* decreases rapidly with decreasing temperature around 10 °C 
and reaches zero at 0 °C. 

The membranes of the two gametes fuse in a region below 
the flagella and the fused area increases in size as the two 
gametes merge into each other. The merging is temperature 
dependent (Fig. 2, insert), and an Arrhenius plot of the 
initial rate of merging reveals a low activation energy above 
15 °C and a higher below 15 °C. The rate most probably 
depends on the physical state of the membrane, and it is 
therefore suggested that the membranes change properties 
around 15 °C. This is also the temperature below which the 
number of fusers decreases. The decrease can be explained 
if fusion can take place only for a limited period of time and 
if the probability for fusion is temperature dependent 
below 15 °C. 

When the two sexes are incubated separately at low tem- 
perature for 30-40 min, and mixed after raising the tem- 
perature to 22 °C, no reduction in the number of fusers 
occurs. Consequently the reduction in the ability to fuse 
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develops after the two sexes have been brought together. 


Fig. 1 a, The percentage of zygotes formed as function of time 
at 22 °C (@) and 10°C (+). The two mating types were mixed 
at time zero. 6, The final percentage of zygotes as a function 
of temperature. The percentage at 22 °C is taken as 100. Gameto- 
genesis was induced as described by Nordby and Hoxmark??. 
The experiments were performed at a cell density of 10°-107 
gametes mi~, At different times after mixing the (+) and (+ )- 
gametes the process was stopped by adding an equal volume of 
2.5%, glutaraldehyde in 0.2 M cacodylate buffer pH = 8, 
and 100-400 gametes (g) and zygotes (z) were counted in the 
phase contrast microscope. The percentage of fusion is given as 
200 z/g 4-22. 
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Fig. 2 Relationship between temperature and the rate of merging. 
The degree of merging is measured by the length of line A 
(see insert) and is given as the percentage of the average (a = 25) 
length of the fused gametes (H8 =+ B') = B°}. The insert gives 
m percentages of merging at different times at 10°C (+) and 

"C (@). The percentages obtained | min after mixing are 
me as an approximate measure of the initial rate of merging, 
and such rates are given in the Arrhenius plot. The lines are 
fitted to the points by the method of the least squares. Above 
15 °C the slope is presumably not significantly different from 0, 
which means zero activation energy. The zygotes were fixed for 
4-5 h (see legend to Fig. |), filtered on to a Nucleopore filter 
CPRO 1300 0.8 um, dried by the critical point drying method!” 
and coated with Au. The measurements were made directly on the 
screen of the Jeol ISM-S1 scanning electron microscope ( » 

10,000), operated at an angle of 0”. 


Figure 3 indicates that exposure to 0°C for only 3-5 min 
after mixing the gametes reduces the number of fusers to 
SO"... and exposure for Il min almost totally prevents 
Fusion, 

The effect of cold is simulated at room temperature by 
cocaine, which ts belheved to be a membrane stabiliser and 
prevents virus-induced fusion in mammalian cell strains’. 
When gametes were treated with 5x10°°M cocaine for 
I5 min, washed three times and mixed immediately, 62°", 
fused. When the gametes were mixed after 5 min and 
washed after 10 min, the corresponding value was only 2%. 

Cocaine at this concentration enables agglutination to 
occur. Observations also show that at O °C the two mating 
types agglutinate and stay In contact by the tips of their 
flagella for long periods. It is therefore suggested that this 
contact starts a process which within minutes makes the 
gametes incapable of fusion. 

To investigate the role of flagellar contact on the fusion 
process, the flagella were removed with a 15-ml Dounce 
homogeniser (Pistil B) and the deflagellate gametes mated 
with biflagellate ones of the opposite sex. The degree of 
deflagellation could be regulated by the number of strokes, 
and it appeared that the number of zygotes formed was 
roughly proportional to the number of biflagellate gametes 
in the treated sample. 

In fixed gametes the flagella stick out from the cell body 
and their presence is easy to observe. In the zygotes the 
flagella are directed backwards close to the cell body and it 
is not always easy to ascertain that all four are present. 
On inspecting SO normal zygotes in the phase econtrast 
microscope four flagella were observed in 64’. three 
flagella in 26°... two flagella in 10° and no zygotes carried 
one or no flagella. When deflagellated (— }-gametes, (no 
flagella: 73°). one flagellum: 24°). two Aagella: 3°) were 
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Table 1 The effect of con A on pairing 


Mating type of the Mating type of the Pairs consisting of: 
deflagellated flagellated Gametes of the Gametes of different 
gametes ConA gametes same mating type mating type Zygotes Aggregates 
sp Af = 70 i! Few 
f e ~ 78 3 Few 
—  « eo À i 59 0 4 Many 
a = + t4 51 4 Few 


ennea anaa OSO 

(+) and (—)-gametes were deflagellated with six strokes of the Dounce homogeniser (80° gametes with no flagella, 15° with one flagellum, 
5% With two flagella) and pretreated with fluorescent con A (100 pg mi>}, washed four times and then challenged with untreated biflagellate 
gametes of the opposite sex. The controls were done with untreated deflagellate gametes. Ten minutes after mixing the samples were concentrated 
in the centrifuge, suspended in 50 u} medium and fixed in 4% formalin. The samples were examined for 10 min each in the fuorescence micro» 


scope and the number of pairs and zygotes recorded. 


mated with normal (+)-gametes, the corresponding 
numbers (n= 100) were 7%, 66%, 21%, 3%, 3%. The high 
occurrence (66%) of zygotes with three flagella in the ex- 
periment compared with the control (26%) indicates that a 
uniflagellate gamete can participate in zygote formation. 
If the probability of not observing a flagellum which is 
present is the same in the experiment and the control, the 
data also suggest that a gamete without any flagella has a 
very low chance of fusing. 

There seemed, however, to be a tendency for these 
gametes to pair with others without fusion, as indicated by 
the preponderance of pairs with two flagella in the experi- 
ment above. Four per cent of pairs carried four flagella, 
22°", carried three flagella, 62% carried two flagella, 12% 
carried one flagellum and 4%, had no flagella. In the pairs 
the individuals adhere to each other just below the flagella 
where fusion is normally initiated. When both mating types 
are deflagellated and brought together with repeated centri- 
fugations many pairs but no zygotes are observed. 

ln Chlamydomonas, concanavalin A (con A) causes 
isoagglutination of one or both sexes depending on the 
species”. In Ulva, con A (Sigma) isoagglutinates the flagel- 
late gametes of both sexes at a concentration of 25 pe ml! 
or above, but nevertheless it is possible to reveal a differ- 
ence between the two kind of gametes. A 50% inhibition 
of zygote formation is obtained with 4 ug ml! con A. The 
inhibition is due to con A-specific sites at the (—)-gametes, 
as shown by an experiment in which the gametes were pre- 
treated for 5 min at a concentration of 25 ug ml con A, 
washed with medium four times, and mixed with untreated 
gametes of the opposite sex, which had not been treated 
with con A but had been washed four times. When the con 


Fig. 3 The loss of fusion ability with time. The gametes were 
precooled at 0°C for 25 min, mixed at zero time and at the 
times indicated 10 ul of the mixture was dropped on to a slide 
at room temperature and the percentage fusion recorded 15 min 
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A-treated gametes were mating type (+), the percentage of 
fusion was normal (experiment 53 control 45%). When 
Mating type (—) was pretreated, only 1%, fused. 

If deflagellate gametes were treated with fuorescein- 
labelled con A, it could be demonstrated that pairing of (+) 
and (—)-gametes was prevented only by con A treatment of 
the deflagellate (~—)-gametes (Table 1). While the flagellate 
gametes of both sexes are isoagglutinated in the presence 
of con A, treatment and subsequent washing causes isoag- 
glutination of only the (—)-sex. These observations suggest 
that the region of the membrane which pairs and later 
fuses, represents a special part which is different in the two 
kinds of gametes. 

In conclusion, the results can be explained if contact be- 
tween the tips of the flagella creates a signal which activates 
a particular area of the membrane of each gamete for a 
limited period of time. If the two areas, which are different, 
are brought into contact, there is a given probability for 
fusion. This probability is dependent on the physical state 
of the membrane, and decreases with temperature below 
IS °C or if membrane stabilisers like cocaine are added. If 
fusion does not occur during the defined period, the gametes 
separate and have lost the ability to fuse for good, either 
because the membranes are irreversibly deactivated or 
because a new signal cannot be generated. 
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Recycling of dissolved plasma 
membrane components as an 
explanation of the capping phenomenon 


IN a recent paper in Nature, Bretscher’ proposed that the cap- 
ping phenomenon®? is caused by a continuous, directional flow 
of the lipid components of the plasma membrane across the cell 
surface from one end to the other, while the membrane proteins 
remain dispersed by random thermal métion and therefore do 
not normally participate. Bretscher’s explanation of capping is 
that the cross linking of membrane proteins by attached anti- 
bodies and lectins causes them to be swept along by this lipid 
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current and collected at the “uroid” portion of the cell surface, 
where he proposes that the membrane lipid is taken into the 
cytoplasm (by way of a “molecular filter”) for return to the 
opposite side of the cell as cytoplasmic vesicles. In this way 
Bretscher can account for the selective accumulation into caps of 
certain classes of surface antigen, without needing to postulate 
any communication between the surface and the interior. Cross- 
linked antigens would simply be swept into caps by the lipid 
current, while uncross-linked antigens would remain dispersed, 
just as is actually observed. 

As an alternative to Bretscher’s theory, | propose that cap- 
ping results from a directional flow of the entire plasma mem- 
brane, including not only its lipid but also its integral protein 
and carbohydrate components. This alternative hypothesis is an 
extension of the theory previously proposed by Abercrombie 
et al.* to explain fibroblast locomotion and has been developed 
primarily on the basis of studies of cell locomotion and particle 
transport? 7, The basic postulate of my hypothesis is that all 
the components of the plasma membrane can dissolve into 
the cytoplasm at least to a slight extent and that in all motile 
tissue cells true thermodynamic equilibrium exists between the 
plasma membrane and its components dissolved in the 
cytoplasm. 

According to LeChatelier’s principle of mobile equilibria, 
forces imposed on the reactants of an equilibrium will cause 
the equilibrium to shift in whichever direction tends to absorb 
the imposed force". I propose therefore that local stretching of 
the plasma membrane should shift this equilibrium in favour of 
the insertion (assembly) of dissolved membrane components 
into the plasma membrane. Consequently membrane assembly 
should be concentrated where the plasma membrane is most 
stretched. Conversely, membrane disassembly, that is, the dis- 
solving of components back into the cytoplasm, should be 
favoured wherever the membrane is least stretched. In this way, 
a steady longitudinal pull applied to the plasma membrane by 
the cytoplasmic microfilaments would result in reassembly of 
membrane along the leading margin of the cell, followed by 
rearward flow of this membrane, with disassembly occurring in 
the more posterior portion of the cell surface. The disassembled 
(dissolved) membrane components would then be free to diffuse 
forward through the cytoplasm back to the reassembly area. 


Fig. 1 Diagram of the proposed pattern of plasma membrane 
movement during lymphocyte capping and tissue cell locomo- 
tion. Along the leading margin of the cell, plasma membrane 
components dissolved in the cytoplasm are rapidly intercalated 
into the surface (membrane reassembly). The plasma membrane 
Rows rearward from this assembly area, exerting traction against 
any adhering objects and thereby propelling the cell forward. At 
the rear “uropod”™ area of the cell, membrane components re- 
dissolve in the cytoplasm (membrane disassembly) and diffuse 
through the cytoplasm back to the front. Bound antibodies, 
lectins, and so on, are carried to the uropod area by the rearward 
membrane flow, and being unable to dissolve in the cytoplasm 
themselves, accumulate there to form caps. 
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Fig. 2 Diagram of the experiment suggested to distinguish 
between the membrane recycling theory proposed in this paper 
and Bretscher’s previously proposed theory of directed lipid 
flow. Lymphocytes are simultaneously exposed to multivalent 
antibodies against one membrane antigen and to univalent anti- 
bodies (Fab fragments) against another of their membrane anti- 
gens. The membrane recycling theory predicts that both multi- 
valent and univalent antibodies should accumulate together in 
the same cap, while Bretscher’s hypothesis leads to the expecta- 
tion that the multivalent antibody should form a cap, while the 
univalent antibody should remain dispersed. 


This directional flow of plasma membrane is envisaged as 
being responsible for locomotion as well as for capping. Any 
materials (antibodies, lectins, or small solid particles) which 
become attached to the surface of a tissue cell undergoing such 
membrane flow should be carried along to the uroid area of 
membrane disassembly. Being unable to dissolve in the cyto- 
plasm, these attached materials should remain at the surface, 
accumulating there to form the familiar “‘cap”’. If the attached 
antibodies and lectins are bound strongly enough to certain 
components of the membrane, then these components should 
also be trapped at the surface and accumulated at the cap. 
Unbound membrane components would, of course, continue to 
be recycled without accumulating in the cap, though they would 
pass repeatedly through the disassembly area. In this way my 
hypothesis can account for the selective accumulation of bound 
antigens without the need to postulate a molecular filter and also 
explains why the caps are ordinarily located at the rear uropod 
area of the cell surface. 

The postulate that all components of the plasma membrane, 
including the lipids, can dissolve into the cytoplasm may at first 
seem highly implausible or even unacceptable to some readers. 
Considerable biochemical evidence is, however, accumulating 
that phospholipids are rapidly interchanged between the several 
membrane systems of cells. For example, there is rapid equilibra- 
tion of isotopically labelled phospholipids between mito- 
chondrial and microsomal membranes? ?®, This intemchange 1s 
rapid, reversible and temperature dependent, but does not 
require metabolic energy, indicating that it represents a true 
thermodynamic equilibrium. If phospholipids can disassemble 
from one class of cytoplasmic membrane and reassemble into 
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another, then it is less surprising that lipid and other membrane 
components can be disassembled from one part of the plasma 
membrane and reassembled back into another part of this same 
membrane, as required by the hypothesis proposed here. 

One apparent contradiction to this hypothesis is the observa- 
tion that univalent antibodies (Fab fragments) and univalent 
lectins can be bound to lymphocytes without accumulating into 
caps*. However, this observation does not actually contradict 
the hypothesis because the lymphocytes in question were non- 
motile and not even attached to a substratum and they were not 
shown to be simultaneously accumulating other attached 
materials into caps. If a lymphocyte or other tissue cell could be 
shown to undergo locomotion without simultaneously accumu- 
lating attached materials (even univalent antibodies) into cans, 
or if cells were shown to cap a multivalent antibody without 
simultaneously capping a univalent antibody (or lectin) then this 
hypothesis would be disproved. 

How then can one explain the observation that multivalent 
antibodies do cause capping even on unattached lymphocytes, 
while univalent ones do not? As a possible explanation, I 
would suggest that attachment to some sort of surface may be 
needed for the cell to develop directionality, and to form dis- 
crete areas of membrane disassembly and reassembly. In the 
absence of a solid substratum, the cross linking of the cell surface 
by multivalent antibodies or lectins may serve as a sort of 
substitute substratum, stimulating the development of a direc- 
tional membrane flow and thus capping. This possibility is 
indirectly supported by the observation of de Petris and Raff" 
that cross linking the lymphocyte surface with multivalent 
antibodies increases the proportion of cells with discrete uroid 
tail regions, indicative of cell polarity. 

These considerations lead to a pair of experimentally testable 
predictions regarding the accumulation of univalent antibodies 
and lectins into caps. The first of these predictions is that even 
univalent materials should cap if the cells are allowed to attach 
to a solid substratum and to undergo locomotion. Such caps 
should form at the trailing margins of the cell. Capping of 
univalent antibodies on motile polymorphonuclear leukocytes 
has actually been reported!” but this experiment does not seem to 
have been undertaken on lymphocytes. The second prediction is 
that suspended lymphocytes should cap even univalent anti- 
bodies, if their surfaces are simultaneously cross linked by 
multivalent antibodies or lectins. This should occur even if the 
multivalent and univalent antibodies are specific for completely 
different and independent surface molecules. In fact, this pre- 
diction can be used to test Bretscher’s hypothesis relative to the 
one that [ have proposed above. 

According to Bretscher’s hypothesis, if multivalent anti- 
bodies to one membrane molecule and univalent antibodies to 
another membrane molecule were simultaneously bound to the 
surface of the same cell, then the multivalent antibodies should 
accumulate into a cap, while the univalent antibody should 
remain dispersed over the cell surface. According to my 
hypothesis, however, both multivalent and univalent antibodies 
should accumulate together in the same caps. I would suggest 
that someone should carry out these experiments. 

ALBERT K.. HARRIS 
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University of North Carolina, Chapel Hill, 
North Carolina 27514 
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Lack of effect of naloxone 


on pain perception in humans 

RECENT studies have revealed the existence of endogenous 
morphine-like compounds in the central nervous system” 
and in the pituitary’. These compounds, named enkephalin’ 
and C-fragment’, have been reported to produce analgesia 
when injected intraventricularly in rats and cats®® and to 
be antagonised by naloxone which is a potent antagonist 
of narcotic analgesics. They also have a high affinity for 
the opiate receptor, which has been discovered in the 
central nervous system of vertebrates including man’, and 
they can displace naloxone from these receptors’. There 
is substantial evidence that central grey structures in the 
midbrain are intimately involved in analgesia. Electrical 


stimulation® and microinjection of morphine” im these 


regions produce analgesia which is antagonised by 
naloxone. Stimulation of the central grey region in 


humans" has been reported to produce marked analgesia 
which is antagonised by small doses of naloxone”, Tn 
addition, acupuncture analgesia has been reported to be 
antagonised by naloxone’. These findings have led to the 
hypothesis that there may be an ongoing release within 
the brain of a morphine-like compound which is partially 
responsible for pain thresholds. If this were so, then the 
antagonism of the effects of the endogenous compound by 
naloxone should affect pain perception. The experiments 
reported here demonstrate that the perception of experi- 
mentally induced pain in normal human subjects is not 
altered by administration of the opiate antagonist naloxone. 

Experiments were carried cut on five healthy adult 
subjects. Each subject was tested on three different days 
for the effects of intravenous injection of 0.4 mg to 0.8 meg 
naloxone or a saline placebo, which were administered 
in a double-blind counterbalanced fashion. Pain was 
induced by delivering incrementally increasing electric 
shocks starting at and increasing by 0.2mA at 1,2-8 
intervals using a Tursky~Watson type’ concentric elec- 
trode attached to the midpoint of the volar surface of the 
forearm. The following four parameters were obtained: 
threshold for sensation, pain threshold, severe pain and 
maximal tolerance current levels. Subjects were in a semi- 
recumbent position in a sound-proof room. Respiration 
rate, skin conductance, heart rate, pulse volume and pupil 
size were also measured and will be reported in a subse- 
quent paper. The experimental schedule was as follows: 
10min resting and basal recording, one pain test trial 
session, three consecutive pain trials, 10min relaxation 
and basal recording, injection of the drug or placebo and 
repetition of whole sequence without the trial session. 

Figure 1 shows an example of the results obtained from 
one subject on three different days. The small increase 
in levels observed after 0.8 mg naloxone is not a con- 
sistent finding. These results and those obtained from the 
other subjects reveal that naloxone does not have a 
significant effect on any of the four parameters measured 
in this experiment. The average for the five subjects of 
the ratios of post-drug level (D) were: 1.06+0.06 (s.d.) 
for placebo, 1.02+0.18 for 0.4meg naloxone and 1.03+0.1 
for 0.8 mg naloxone. 

The lack of effect on perception of pain in our studies 
suggests that in our experimental conditions there is no 
significant ongoing release of a morphine-like compound, 
The amount of naloxone used in our experiments should 
have been more than adequate to have antagonised any 
endogenous morphine-like compound present. The dose of 
0.4mg is that recommended to antagonise respiratory 
depression produced by morphine poisoning and acts 
within a few minutes”. Furthermore, 0.1-0.2 mg naloxone 
has been reported” to significantly antagonise analgesia 


784 









o i ho ‘ 
nA ZS ty O tr O tn 


Current (mA) 


So e ë 


bh 
h 


ho 


tent) 
Cc tt © 


oS o 
æD Uh 


Fig. 1 Results from subject showing lack of effect of placebo 
(a), 0.4 mg naloxone (4) or 0.8 mg naloxone (c), tested on three 
different days, on sensation threshold (A), pain threshold (B), 
severe pain (C), and maximal tolerance (D). Each point is the 
average of three consecutive trials and the actual range of values 
for each of the trials is indicated by the vertical ‘error’ bar; 
these demonstrate the good repeatability of thresholds from one 
trial to the next on any one day. Where the ranges of the pre-drug 
(—) and post-drug (~ -—) results overlap, one combined line has 
been drawn. 


produced by brainstem stimulation in man within 10 min 
of administration. The method we have used for 
measuring pain thresholds has been reported reliably to 
demonstrate the analgesic effects of 10mg morphine”. 
It is true that morphine is used clinically for long lasting 
pain rather than our brief experimental pain and it is 
possible that such pains would be more susceptible to 
modulation by naloxone and an endogenous narcotic. Also 
in experiments carried out using the same experimental 
set up (A. El-Sobky, unpublished) used for this study it 
was found that administration of heroin increased severe 
pain and maximum tolerance thresholds in heroin addicts. 
Therefore, it is unlikely that we would have missed any 
significant effort of naloxone on pain perception. The lack 
of effect of naloxone on man’s pain thresholds which we 
report here may agree with Goldstein’s” failure to find 
a change in rats’ avoidance threshold with naloxone. 
Since it is unlikely that there is a tonic release of an 
endogenous morphinetlike compound which interacts with 
pain perception in normal conditions we are left with the 
problem of explaining the function of opiate receptors and 
enkephalin in the central nervous system. One possibility 


Nature Vol. 263 October 28 1976 


is that they are not involved with pain mechanisms. This 
would be very surprising in view of the mass of experi- 
ments on animals showing numerous connections between 
opiate receptor concentrations, enkephalin distribution and 
analgesia sensitivity to morphine administration. Another 
possibility is that the endogenous morphine-like compound 
is released only under special circumstances. The existence 
of special psychological states when pain is not perceived 
even when the person is severely wounded is well 
documented in war and some accidents”. 

This study was supported by the MRC. J.O.D. is a 
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Determination of acetylcholine null 
potential in mouse pancreatic acinar cells 


PerHaps the most important parameter of transmitter action is 
the value of the membrane potential at which no potential 
change occurs after excitation. This value is termed the trans- 
mitter null (equilibrium) potential (refs | and 2 and refs therein). 
The determination of this value requires the use of two intra- 
cellular electrodes, one for recording the cell membrane potential 
and the other for passing current to set the membrane potential 
at appropriate levels. In addition it requires the availability of 
reproducible short lasting applications of transmitter. The 
recent demonstration that the pancreatic acinus functions as one 
electrical unit, that is that unimpaired electrical communication 
between neighbouring acinar cells exists* 4, makes it possible to 
treat the acinus as one cell. By combining insertion of two 
electrodes into one acinus with local iontophoretic application 
of acetyicholine (ACh) from a third extracellular microelectrode, 
we have measured directly the null potential for the action of a 
neurotransmitter on mammalian gland celts. "i 

Two separate KCl-filled microelectrodes were inserted very 
close to each other (20-50 um intertip distance, viewed under 
Leitz stereomicroscope (x 160 magnification)) into surface 
acinar cells of mouse pancreas in vitro as previously described’. 
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The tip of a third microelectrode filled with 2M AChCI was 
placed close (< 100 um) to the impaled acinus. The details of 
the circuits used for membrane potential measurement, intra- 
cellular current injection and iontophoretic ACh application 
have been described in detail*°**. The composition of the 
physiological saline solution flowing through the tissue bath 
was (mM): NaCl, 103; KCI, 4.7; CaCl., 2.56; MgCl, 1.13; 
NaHCO., 25; NaH.PO,, 1.15; D-glucose, 2.8; Na pyruvate, 
4.9: Na glutamate, 4.9; Na fumarate, 2.7. It 
95% O., 5°, CO 

Figure | shows the simultaneous recording of membrane 


ae 


was gassed with 


potential and resistance from two electrically coupled acinar 
cells. lontophoretic ACh applications resulted in reproducible 
potential and resistance changes of exactly the same size and 
shape in both cells. If currents (d.c.) of varying size were 
injected through one of the intracellular microelectrodes, the 
membrane potential, measured with the other microelectrode, 
could be set at appropriate levels. Figure 2 shows the marked 
effect of changes in resting potential on the ACh-evoked 
potential change. The size of the ACh-evoked depolarisation 
was clearly reduced as the resting potential was diminished and 
finally reversed into hyperpolarisation at the very lowest level 
of membrane potential. In the case represented by Fig. 2, the 
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In the simplest possible model of transmitter action the 
membrane potential change (AV) after excitation ts given by 


Gf) 
AVit) = Le’. V(t)) 
GiAif)- G 


Gt) is conductance of activated synaptic region, Ga conduct- 
ance of non-synaptic region, e, transmitter null potential and 
V(t) membrane potential’. If one inserts figures for AV’, G./Go 
and Vma taken from experiments like that shown tn Fig. | (for 


example, for f corresponding to time of maximal ACh-evoked 








depolarisation) values for e, of about 3 to | mV are ob- 
tained. The slight discrepancy between these values and those 


determined directly (Fig. 2) is a consequence of the slightly 
nonlinear relationship between Al 

potential at low resting potentials 

ACh null potential of —5 to — 15 m\ 
in the motor endplate! where ACh mainly evokes an increase in 
Na* and K The ACh-evoked and 
resistance change in pancreatic acinar cells ts very sensitive to 
reductions in extracellular Na concentration” and it 
concluded tentatively that the mechanism of action of 


and membrane 
The 


is rather similar to that 


resting 


directly determined 


conductance. potential 


has been 
ACh in 


ACh null potential was © 10 mV. In four other tissues, values the pancreatic acinar cells is to Increase Na’ and K* conduct- 
ranging from - Sto — 1S mV were obtained. ance’, The experiments reported here conclusively demonstrate 
Fig. 1 Effect of short pulses of tontophoretic ACh application on membrane potential and resistance in two electrically coupled acinar 
cells. The top part shows the pen recordings, and below ts an oscilloscope photograph consisting of two exposures at times Marked a and D 


in the pen recordings. The interruptio: 


represented in the lower part of the pen recording 
f 


current pulses could be injected. was inserted 


of the pen recordings represents a S-min interval. The microelectrode measuring 
was inserted first. Subsequentiy a second microelectrode 
The potential measured by this electrode is shown in the upper part of the pen recording. The 


the mM tential 


through which 


QUJ . i yr 


short lasting current injections gave rise to short lasting membrane hyperpolarisations, both in the cell into which the current was injected 


(upper trace) (a circuit was used to compensate for potential changes caused by the current passage through the electrode tip resistance", in 
the beginning of the record the tip resistance Compensation ts imperfect and is corrected) and in the neighbouring cell (lower trace). The timi 
course of the polarisations ts seen in the oscilloscope photograph (calibration: horizontal 20 ms, vertical 10 mV and 2 - 10 * A). The coupling 
ratio (current pulse-induced potential change in the cell of current injection divided by electrotonic potential change in neighbouring cell) 
is 1. In the event marker trace in the middle are shown signals marking the periods of ¢iecting current through the extracellular 


electrode. A retaining d.c. current of 2- 10 


nL 


AC HC] 


\. to prevent spontaneous leakage of ACh, was used and the ejecting current pulses were of 
0.5 s duration and 6 


IO" A strength. 
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Fig. 2 Effect of short pulses (constant size and duration) of 
iontophoretic ACh application on membrane potential recorded 
at four different values of resting membrane potential. The 
spontaneous resting potential was --31 mV. Higher and lower 
resting potentials were obtained by passing d.c. hyperpolarising 
or depolarising currents, respectively, through a microelectrode 
inserted into a neighbouring cell. A d.c. retaining current of 
2x 107A was applied to the extracellular AChCI electrode and 
ejecting current pulses of 0.5s duration and 6 x 1075A size were 
applied at time of marker signal in bottom trace. 


that ACh acts on the pancreatic acinar cell membrane by 
increasing ion conductance and are consistent with the hypo- 
thesis that the ion species involved are Na* and K+. 
We thank Mrs M. Gordon for technical assistance and the 
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Continuous conduction in 
demyelinated mammalian nerve fibres 


MYELINATED nerve fibres conduct in a saltatory fashion, 
with sites of inward membrane current restricted to the 
nodes of Ranvier’. Loss of myelin causes long delays in 
the internodal conduction time, extreme refractoriness and 
conduction block’. In the large rat ventral root fibres 
studied the slowed conduction always remained saltatory, 
with discrete sites of inward current, but the limited spatial 
resolution of the method ‘used “prevented. conclusions about 
whether any membrane beyond that of the original nodes 
was excited. To find out more bout the internodal axon 
membrane exposed by demyel ation, we have used an 
improved technique of external longitudinal current 
analysis. A smaller electrode separation (120 um as against 
400-600 um) has improved the spatial resolution’, and signal 
averaging has made possible recordings from smaller axons. 
We have found that in these fibres not only is internodal 
axon membrane electrically excitable, but that it can sup- 
port continuous conduction across a demyelinated inter- 
node. This result provides a new -basis for interpreting the 
effects of demyelinating disease. | 

Longitudinal current records from a normal fibre together 
with their relationships to three nodes are shown in Fig. l: 
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Fig. 1 Action currents in normal ventral root fibre, showing 
saltatory conduction. a, Average longitudinal currents (1,024 
sweeps) recorded from two platinum wires, 120 um apart, which 
were slid 100 um along the root between averages. The approx- 
imate positions of the electrodes with respect to the single active 
fibre are indicated on the left, with the sites of the nodes of 
Ranvier inferred from the records. The arrow indicates the 
direction of propagation of the impulse. 6, Membrane currents 
(inward current downwards) obtained by subtracting longitudinal 
currents as indicated. e, Inward (thick line) and outward (thin 
line) current integrals calculated from (b). 


the membrane currents were calculated by differencing 
adjacent longitudinal currents as done by Huxley and 
Stampfli'. Also shown are the time integrals of inward and 
outward currents at each position, which correspond to the 
total charge displaced in either direction for each 100 um 
of nerve. These records confirm that in normal rat mye- 
linated fibres inward current is confined to the nodes, and 


Fig. 2 Action currents in ventral root fibre partially demyelinated 
with diphtheria toxin, showing stretch of continuous conduction. 
Explanations of (a), (b) and (c) are as for Fig. 1, but with different 


scaling. 
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provides a control for comparison with demyelinated 
fibres. Figures 2 and 3 are corresponding records for two 
fibres from animals receiving intrathecal injections of 
diphtheria toxin 6d previously, in which the action poten- 
tials were propagated in a continuous fashion for about 
500 zm, This conduction is termed continuous, because (1), 
there is a continuous change in latency of the longitudinal 
currents from one position to the next, in contrast to normal 
saltatory latency shift, and (2) each 1004m of nerve in 
turn becomes a source of inward current, indicating a 
continuous progression of excitation. The time integrals of 
inward and outward current reveal that the propagation 
though continuous, is not even. They also show that at 
least as much charge crosses the axon membrane in the in- 
ward direction along the newly bared internode as at the 
adjacent nodes. 


oor f2nA 


t.3 
be 





0 


Eg 10-33 C 


0 | ms 0 | ms 
a b C 


Fig. 3 Action currents in partially demyelinated fibre, showing 

stretch of continuous conduction and resumption of saltatory 

conduction. Explanations of (a), (b) and (c) are as for Fig. 1, but 
with different scaling. 


We have recorded five examples of continuous conduc- 
tion in fibres with internodal spacings in the range 500- 
850 wm. In three cases (including the two illustrated) the 
length of continuous conduction was about 500 4m, and 
the velocity corresponded to roughly 1/20th of the velocity 
expected for normal stretches of the same fibre. This figure 
is similar to the ratio of velocity of continuous conduction 
in the amyelinated roots of dystrophic mice to normal 
controls*®. The remaining two cases were of conduction 
continuous over distances less than 300 um. Our failure so 
far to observe such continuous conduction in demyelinated 
fibres with internodal distances greater than 850 um (corres- 
ponding to an external fibre diameter of about 6m), and 
the previous failure to observe the phenomenon at all’, 
indicates some difference between larger and smaller nerves. 
It is by no means clear, however, that internodal excitability 
varies with fibre size, since differences in pathology or geo- 
metry could also account for the restriction of continuous 
conduction to small fibres in our experiments. 
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Epstein—Barr virus genome 
in infectious mononucleosis 


THE seroepidemiological evidence’ linking the Epstein-Barr 
virus (EBV) causatively with infectious mononucleosis is com- 
pelling, but there are many questions concerning the precise 
nature of the relationship between virus and disease* and the 
immunological responses that limit the disease*?. For example, 
until recently it remained unproven that the transforming agent 
excreted from the throat during acute and convalescent in- 
fectious mononucleosis is EBV specific. Lymphocytes from the 
umbilical cord can be transformed into continuous cell lines by 
exposure to the virus excreted from the throat. New evidence 
presented here and data published recently show that such 
transformed lymphocytes contain EBV genetic material as well 
as a virus-specific nuclear protein’ even though such cells, 
unlike those isolated from the peripheral blood, do not shed 
virus. Another question, persistent and crucial, has been 
whether the EBV originally derived from Burkitt’s lymphoma 
in Uganda and the EBV associated with infectious mono- 
nucleosis are identical. We show here that the viral DNA in 
human lymphocytic lines derived from infectious mono- 
nucleosis partially lacks homology to EBV DNA, Such differ- 
ences imply that an extensively deleted, defective EBV genome is 
retained in lymphocyte lines established from infectious 
mononucleosis or that the cell lines harbour different strains of 
EBV with up to 35%% heterologous DNA sequences. 

Students in the infirmary of the University of North Carolina 
at Chapel Hill were diagnosed as having mononucleosis on the 
basis of fever, lymphadenopathy, sore throat, splenic enlarge- 
ment, atypical lymphocytosis and a positive Monospot test 
(Ortho Diagnostics). The diagnosis was confirmed by the 
presence of antibodies to EBV capsid antigen (VCA) and to 
early antigen (EA) as well as by the other data presented in this 
communication. 

Complementary RNA-DNA hybridisation was carried out 
on duplicate membranes on which had been immobilised 
20-80 ug of the cellular DNA to be analysed. Tritiated EBV- 
specific complementary RNA (cRNA) that was synthesised 
in vitro on a template of EBV DNA with DNA-dependent RNA 
polymerase from Escherichia coli was hybridised to the dena» 
tured cellular DNA as described before®. The specificity of the 
3H-EBV cRNA and the sensitivity of the test have been defined: 
as few as two EBV genome equivalents per cell can be detected. 

DNA-DNA renaturation kinetics analyses were carried out 
with EBV DNA tritiated im vitro as previously described’, The 
reassociated DNA was distinguished from unrenatured DNA 
by digestion with SI single-strand-specific exonuclease derived 
from Aspergillus oryzae as described before’. We express 
results as Cyr values (mols 1) in which C, is the concentration 
of double-stranded DNA; estimates of EBV genome numbers 
were based on the Cyt, values’, 

In Table 1 are some of the data from a series of patients with 
proven mononucleosis. Lymphoblastoid cell lines were estab- 
lished from the peripheral blood of the patients after 3-4 weeks 
of culture in vitro. In addition to EBV capsid and early antigens, 
each of these cell lines contained EBV DNA as shown by 
cRNA-DNA hybridisation. 

Filtered throat washings from the same patients when 
applied to umbilical cord leukocytes regularly led to the estab- 
lishment of lymphoblastoid cell lines. Cord lymphocytes fail fo 
proliferate if they are not exposed tô the throat washings’. 
These transformed cells do not contain capsid or early antigens 
(refs 10 and 11 and Table 1). The hybridisation data show. that. 
there is EBV genetic material in the cell lines which suggests 
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Table 1 Lymphoid cell lines derived from the peripheral blood of patients with infectious mononucieosis or from cord blood leukocytes 
transformed with throat washings 





Cell lines from peripheral blood 


Cord blood leukocytes transformed 
with throat washings 


EBV anti- 
body titres No. of genome % Cells = % Cells No. of genome “Cells — % Cells 
Patient VCA EA equivalents per cell* with VCA with EA equivalents per cell* with VCA with EA 

LH 40 ND 53 1.1 1.7 ND ND ND 
DT 160 160 20 0.4 1.2 15 O+ 0 
MB 320 80 37 0.7 1.1 12 0 0 
NW 160 160 29 0.7 1.0 li 0 0 
KB 320 160 39 0.9 1.3 li 0 0 
EB 160 160 34 0.8 1.5 10 0 0 





*Determined by RNA-DNA hybridisation with ?H-EBV-specific CRNA as probe. The specific activity of the cRNA was 6 x 10° c.p.m. pg7*; 
an input of 10° c.p.m. of CRNA was applied to duplicate samples of 20-50 ug of cellular DNA as described before®. 


tLess than | in 10°. 
ND, not done. Reciprocals of serum dilutions are given. 


virus-specific nature of the transformation. Such cells also 
contain EBV nuclear antigen (EBNA)". The relative number of 
genome equivalents found in the lines is consistently less than 
that found in peripheral blood cell lines. Explanted peripheral 
blood cells sometimes contain large numbers of EBV genomes 


Fig. 1 Incomplete homology to the EBV genome of the viral 
DNA sequences in lymphocyte lines from infectious mono- 
nucleosis. Determinations were made by DNA-DNA 
renaturation kinetics analysis. a, xX, °H-EBV DNA (0.02 pg) + 
calf thymus DNA (2 mg); ©, PB20 DNA (1.1 mg) was 
from a cell line derived from peripheral blood; @, TW20 
DNA (1.8 mg) was a cord lymphocyte line transformed by 
throat washings from the same patient; C, HRIK DNA (2 mg) 
was homologous DNA from the EBV-producing cell line that 
was the source of the index EBV DNA. 6: A, PBI6 DNA 
(1.5 mg) was from a cell line established from the peripheral 
blood of another patient with infectious mononucleosis; A, 
TW16 DNA (1.5 mg) was from a cell line produced by exposure 
to throat washings from the same patient. Other symbols as in 
(a). Labelled EBV DNA (0.02 ug, specific activity 1.8 x 10° 
c.p.m. pg 7!) was present in all renaturation mixtures. The total 
concentration of DNA in all mixtures was brought to 2 mg by 
addition of calf thymus DNA before denaturation and re- 
annealing. 
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and may even replicate virus'?; this does not occur with the 
transformed cord cell lines. | 

Finally, virus shed from one of the peripheral blood cell 
lines (PB6) could transform cord blood lymphocytes. The 
secondarily transformed cells also contained a relatively small 
amount of EBV DNA, but no detectable capsid or early anti- 
gens. This last finding indicates that peripheral lymphocytes 
when transformed into cell lines can shed biologically active 
EBV. 

Perhaps not all the DNA sequences found in the genome of 
the standard lymphoma-derived P3HR1 virust? exist in the 
mononucleosis cell lines. Another possibility is that the cord 
blood lymphocytes, which contain fewer copies of viral DNA 
and do not express viral structural antigens, do not contain as 
full a representation of the EBV genome as the cell lines 
derived from peripheral blood. 

Figure 1 shows an analysis of the DNA extracted from pairs 
of lymphoid cell lines, one from peripheral blood (PB), and 
one from cord blood cells that had been transformed by throat 
washings (TW). Each pair of cell lines, PB and TW20 and PB 
and TWI6, derive from materials from a single patient. We 
found that neither of the peripheral blood cell lines contained 
all the viral DNA sequences of the prototype EBV genome. 
The PB20 cells lacked 30-35 °% of the homologous viral DNA, 
and the PB16 line lacked 25-30%% of the homologous sequences 
found in the index viral DNA. Nevertheless, both of these cell 
lines did produce EBV capsid antigens and early antigens. This 
means either that the whole of the EBV genome is not needed 
for the coding and translation of these antigens, and that the 
genome is defective, or that full or unit-length viral DNA is 
present in the two lines, but that 25-35%% of this viral genome 
contains heterologous DNA sequences. 

Another conclusion from these data is that cord blood 
lymphocytes transformed by the throat washings contain 
approximately the same viral DNA sequences as are found in 
the cell lines derived from peripheral blood. Apparently the 
cord blood lymphocytes do not necessarily select for defective 
genome. The reason for the sharply restricted expression of the 
genome contained in the cord cell lines is therefore not apparent. 

Cord cells transformed by cell-free extracts from a peripheral 
blood cell line (PB6) contained about 80°, of the DNA 
sequences found in the index viral genome (Fig. 2a). 

Figure 2a shows the results of analysis of the DNA of EBV- 
transformed marmoset cells. This line originated from marmoset 
lymphocytes that had been transformed by throat washings 
obtained from a patient with infectious mononucleosis’. Here 
approximately 40°, of the DNA sequences found in the 
P3HR1-derived virus are not present in the marmoset line. 

An analysis of Raji DNA is also shown (Fig. 26). The 
completeness of reannealing of the homologous DNA 
approaches 100°4. This is expected as Raji cells are t ought to 
contain unit-length viral DNA” and can be induced with TUdR 
to make virus’, 

Understanding of the pathogenesis of infectious mono- 





Nature Vol. 263 October 28 1976 







0- 
10- 
20- 
30 
40- 


) 
5 


oy 
race 


ole SHEDNA Gyrtmots 


10 mak Sian 
on ae Mie, a 
aot. a +è D 
read A, 
Se. 
p N, 


Renatured DNA ( 
= 
3 
% 
5 





05 1 2 18 48 
Time (h) 


P 


nucleosis is still deficient. The virus apparently replicates 
“somewhere in the oropharynx, including perhaps the parotid 
gland. The precise site and cell type in which the virus repli- 
cates, however, are not known. 

Earlier analyses* suggested that all the PSHRI EBV DNA 
sequences were present in three different IM cell lines, but our 
results obtained with different cell lines show clear differences. 
Up to 35% of the EBV DNA sequences were missing in cell 
lines established from peripheral blood as well as in cord blood 
cells transformed with fresh virus isolates. We do not know 
whether the molecular weight of the homologous DNA in the 
cell lines was 35° less than that of virion DNA. Defective 
genomes might be more liable to persist in lymphocytes, 
although clearly some lymphocytes contain replicative amounts 
of genome; explantation of peripheral blood cells can lead to 
shedding of virus. 

In the case of the B95-8 virus, a fuller analysis has been 
possible. Pritchett ef al?” showed that this virus lacked at least 
15° of the DNA sequences found in the P3HR1 EBV, yet the 
molecular weight of the B95-8 virus DNA was the same as that 
of EBV. The missing sequences were thought to be made up of 
repetitions of DNA sequences found in EBV; no heterologous 
sequences were detected. 

Are there strain variants of EBV? The missing sequences in 
EBV associated with infectious mononucleosis may be replaced 
by heterologous DNA sequences so that there are different 
strains of EBV bearing extensive but not complete homology 
to the EBV derived from an African lymphoma. Epidemiologi- 
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cally and pathogenetically this is an attractive possibility as, 
brought out recently by Miller et al., but we cannot distinguish 
such heterologous viral DNA sequences because of the lack of 
any other EBV strain in the quantity needed for reciprocal 
homology studies. 

Nasopharyngeal carcinomas also contain viral DNA only 
partly homologous to EBV". Recent analysis of herpes simplex 
type I and type 2 DNA by restriction endonuclease digestion 
and similar analyses of cytomegalovirus DNA demonstrate the 
existence of numerous strains of these viruses hitherto un- 
defined2°-22. The biological significance of this diversity is 
undetermined. In the case of herpes simplex virus both defective 
genomes and strain variants exist, and we believe this will 
prove to be the case with EBV, but we are not yet ready to refer 
to the Epstein-Barr ‘‘viruses”’. 
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making this work possible. We also thank the students who 
participated and the infirmary physicians who cooperated. 
We thank Drs Lindsey Hutt, Harry Dascomb and Stanley 
Lemon for helping in the study of some patients. This research 
was supported by the John A. Hartford Foundation, Inc. 

JosepH $. PAGANO 
CmeN-Hur HUANG 





Cancer Research Centre, 
University of North Carolina, 
Chapel Hill, North Carolina 27514 
YuNG-TSEN HUANG 
Virology Laboratory, 
North Carolina Memorial Hospital, 
Chapel Hill, North Carolina 27514 


Received July 2; accepted August 23, 1976. 


? Niederman, J. C., McCollum, R. W., Henle, G., and Henle, W., d. Am, med. 
Assoc. 203, 205-209 (1968). 

2 Pagano, J. S., in Viruses, Evolution and Cancer (edit. by Kurstak, E. and Mara- 
morosch, K.}, 79-116 (Academic, New York, 1974). 

3 Pagano, J. S.. Cold Spring Harb. Symp. quant. Biol, 39, 797-905 (1975). 

4 Hutt, L. M., Huang, Y. T., Dascomb, H, E., and Pagano. L S.. 2. Anmut., VES, 
243-248 (1975). 

S Reedman, B, M., and Klein, G., dat. J. Cancer, PL, 499-520) (1973), 

6 Nonoyama, M., and Pagano, J. S., Nature new Biol., 233, 103-106 (1971). 

7 Nonoyama, M., and Pagano, J. S., Nature, 242, 44-47 (1973). 

8 Kawai, Y., Nonoyama, M., and Pagano, J. S.J. Kirol., 12, HR OTZ (1973). 

# Nilsson, K., Klein, G., Henle, W., and Henle, G.. fat. dJ, Cancer, 8, 443.450 (1979). 

1 a Nkrumah, F. K., Pritchett, R., and Kieff, E.. Jat. J. Cancer, 17, TEG 
{1976}. 

g Mo Coope, D., Niederman, J., and Pagano, 1.8.. d. Virol, 18, 1071-100 
{i ; 

12 Minowada, J., Nonoyama, M., Moore, G. E., Rauch, A. M., and Pagano, 5. Sa 
Cancer Res., 34, [898-1903 (1974). 

13 Hinuma, U. et uf. dJ. Virol, 1, 1045 (1967). 

14 Miller, G., Shope, T., Lisco, H., Sutt, D., and Lipman, Ma, Proc. natn. Acad, Set. 
U.S.A, 69, 383-387 (1972). 

13 Anderson, M.. and Lindahl, T., Virology (in the press). 

16 Hampar, B., Derge, J. G., Martos, L. M., and Walker J. Lo, Proc. nati. Acad. ei, 
U.S.A., 69, 78-82 (19723. . 

1? Niederman, J. S., Miller, G., Pearson, H. A., Pagano, J. S., and Dowaliby, L M, 
New Eng. J. Med., 294, 1355-1339 (1976). l l 

18 Pritchett. R, E., Hayward, S. D., and Kief, E. D., J. Kirol. 18, 536-9 (1975). 

19 Pagano, J. S., er al., in Proc. second int. Symp. Oncogenesis and Herpesviruses ii 
(edit. by de Thé, G., Epstein, M. A., and zur Hausen, Huy, 79-190 ARC, 
Lyon, France, 1975). x 

20 Skare, J., Summers, W. P., and Summers, W. C., J. Virol, 15,726 {1973h 

2) Hayward, G, E., Frenkel, N., and Roizman, B., Proc, natn. A cad. Sei USA. TR 
1768-1772 (1975). 

22 Kilpatrick, B., Huang, E-S., and Pagano, d. S.d. Virol, YB, 1095-1108 C1976). 


| i A 


ree rer] 








Photoreceptor membrane carbohydrate on 
the intradiscal surface of retinal rod disks 


RHopoprsIN is an integral constituent of the photoreceptor 
membrane where it is believed to function as a light-activated 
gate for the release of ions or other substances. The shape, 
localisation and orientation of the rhodopsin molecule in the 
membrane is therefore of great importance in understanding 
the primary events of light perception. Uncertainties in the. 
present state of knowledge are reflected in the numerous — 
models which localise rhodopsin variously on the internal, 
external or both sides of the disk membrane. In the last few- 
years it has become increasingly accepted that rhodopsin is an 
elongated molecule, partially embedded in or entirely spanning. 
the disk membrane. Even this model leaves many uncertainties 
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as to the orientation of the molecule in the membrane. Besides 
the chromophore retinal, the oligosaccharide chain'? is a 
good orientation point on the rhodopsin molecule. Since 
rhodopsin is the dominant protein of the photoreceptor 
membrane*~* where it forms about 85-95°, of the total 
protein content, localisation of the carbohydrate component 
of the membrane would indicate the location of the rhodopsin 
carbohydrate moiety. Here I present an electron microscopic 
histochemical demonstration of the carbohydrate component 
of the photoreceptor membrane; a part of this investigation was 
reported briefly earlier’. 

In the first group, aldehyde-fixed retinae of frogs ( Rana’ 
esculenta, Rana pipiens) were embedded in Epon, Vestopal or 
glycol methacrylate and electron microscopic histochemical 
reactions for detection of carbohydrates were carried out on 
‘hin sections. Three reactions were based on oxidation of 
/icinal glycols to form aldehyde groups that were subsequently 
lemonstrated by silver methenamine'’, thiosemicarbazide- 


Fig. 2 Ferritin-labelled concanavalin A (con A-Ft) is bound to 

the internal surface of disk-derived vacuoles. No conjugate can 

be found at the external surface of the vacuoles. This detail 

represents a portion of an outer segment from a frog retina that 

was swollen in ammonium acetate, fixed, freeze-fractured and 
exposed to con A-Ft. 
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Fig. 1a, Detail of a rod outer segment from 
a formalin-glutaraldehyde-fixed and Vesto- 
pal-embedded frog retina. Carbohydrate 
reaction (periodic acid-thiosemicarbazide- 
silver proteinate'') was carried out on thin 
sections. The dense reaction product is seen 
inside the membrane loops of the disk 
margins (dark dots, arrows) whence it can 
be traced as a thin dense line into the interior 
of the disks delineating the contact (intra- 
discal) surface of the membranes (double 
arrow). b, Control section from the same 
material without oxidation with periodic 
acid. No reaction can be seen inside the disks. 


silver proteinate™ or alkaline bismuth’. Oxidation was 
omitted in. the controls. In addition, the carbohydrate staining 
by phosphotungstic acid at low pH (refs 13 and 14) was used 
because of the better resolving power of the method. All 
electron microscopic histochemical reactions, from which a 
representative example is shown on Fig. la, demonstrated 
a fine reactive line at the contact (internal) surface of disk 
membranes, The reaction was especially obvious at the disk 
margin where it was localised at the internal surface of the 
membrane loop. The reaction was absent in the control 
specimens (Fig. 1b). 

In the second part of this work, ferritin-labelled concanavalin 
A (con A-Ft) was used to detect lectin-binding carbohydrates 
on the photoreceptor membrane. The con A-Ft was prepared 
according to de Petris ef a/."° and was a gift of Dr D. Lawson 
(University College, London). A major difficulty in lectin 
binding was the inability of the voluminous conjugate to 
penetrate across plasma and disk membranes that was necessary 
to expose both sides of the photoreceptor membranes to the 
lectin. The problem was largely solved by a freeze-thawing 
method as detailed in the following: 


isolation of frog retinae 


swelling in 20 mM ammonium acetate (pH 6.9, 4 °C, 
15 min) 


fixation in 0.5% glutaraldehyde (in 10 mM cacody- 
late buffer pH 7, 4 °C, several hours) 


| 


washing in buffer (20 mM cacodylate, 4 °C, 20 h) 


' 


freezing in liquid nitrogen and breaking the retinae 


Pe — 


thawing in con A-Ft solution thawing in buffer (4 °C, 15 min) 


washing in buffer 20% glycerol in buffer (4 °C, 


2 h) 


valli to check the 
sidedness of the membranes 


fixation in osmium 


embedding for electron 
microscopy 


Freeze-fracturing was made in a modified freeze-fracturing 
device (P. R. Környei and Balogh, to be published) ghat was 
based on the cold block principle. 

The unilateral localisation of carbohydrates was even more 
unambiguous with the con A-Ft binding than with the histo- 
chemical reactions. The swollen disks appeared as more-or-less 
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inflated vacuoles. Those disk-derived vacuoles which became 
patent because of the freezing, fracturing and thawing, con- 
tained the con A—Ft bound to the internal (intradiscal) surface 
of the disk membranes (Figs 2 and 4). No con A-Ft particles 
were ever found associated with the external (interdiscal, 
cytoplasmic) surface of the disks, although it was freely 
accessible to the conjugate because of the broken plasma 
membrane. The latter showed con A-Ft particles bound to its 
extracellular surface. No binding was observed using a-methyl- 
p-glucoside together with the lectin. 

It is crucial for evaluating the con A-binding experiment 
whether the original sidedness of the disk membranes has been 
retained or not. One way to check this is the known asym- 
metrical distribution of intramembrane particles on freeze- 
fractured photoreceptor membranes. As can be seen in Fig. 3, 
the sidedness of the disk membranes was not altered during the 
preparative procedure since, similarly to intact disk membranes: 





Fig. 3 Freeze-fracture image of swollen disks, treated similarly 
to those in Fig. 2 (without con A-Ft), The presence of numerous 
intramembrane particles on fracture face looking towards the 
lumen of the vacuoles (fracture face of “cytoplasmic” membrane 
half, PF) indicates that the original sidedness of the disk mem- 
branes has not been changed during the preparative procedure. 
EF, fracture face of the endoplasmic membrane half. 


the majority of intramembrane particles was found on fracture 
face looking towards the interior of the vacuole (*‘cytoplasmic”’ 
membrane half, fracture face PF'*). Another means of recog- 
nising the sidedness of the membranes is the known rigidity 
of the disk edge which preserves its form even after drastic 
treatments'’'*. In our con A-Ft material, disk edges were 
often observed and their concavity was continuous with the 
internal space of the disk-derived vacuoles (Fig. 4, arrows). 
This observation indicates that the disks were only swollen and 
not everted during the preparative procedure. 

Both the carbohydrate reactions on ultrathin sections and 
the con A-Ft binding on freeze-thawed photoreceptor outer 
segments showed the presence of a carbohydrate layer at the 
intradiscal surface of frog retinal rods. The extraordinary 
molecular simplicity of photoreceptor membranes makes it 
easy to find the most probable candidate for the carbohydrate 
layer. Rhodopsin is known to be the dominant protein in 
outer segment membranes” ® (about 9/10 of all membrane 
proteins being rhodopsin). It is a glycoprotein':? and binds 
concanavalin A strongly and specifically'®:*°, There can be 
little doubt therefore that of the proteins present in rod outer 
segment membranes, rhodopsin is primarily responsible 
for the lectin binding. The contribution of membrane gly- 
colipids to the carbohydrate reaction seems to be negligible, 
partly use of the low percentage of glycolipids when 
compared with the rhodopsin content and partly because an 
intradiscal carbohydrate reaction was present also in our 
embedded material. But even if we assume a small contribution 
of glycolipids to concanavalin-binding, it does not make 





Fig. 4 The same material as Fig. 2 to show persisting disk edges 

in the con A-Ft experiment (arrows). The membrane loops of 

the disk edges are directly continuous with the interior of the 

disk-derived vacuoles indicating the original sideness of the 
disk membranes. 


localisation of the rhodopsin carbohydrate moiety or the 
internal disk surface doubtful due to the unilateral localisation 
of the lectin-binding sites. 

Assuming that rhodopsin is responsible for the carbohydrate 
reaction, the carbohydrate component of rhodopsin must be 
localised at the intradiscal surface of the disk membrane. This 
means that the rhodopsin molecule is either situated in the 
internal half of the membrane or spans the membrane with its 
extended oligosaccharide chain™ protruding into the intra- 
discal space. Such a localisation of the rhodopsin carbohydrate 
moiety is supported by observations in which it was shown that 
the carbohydrate component and the chromophore were not 
accessible to protease digestion in photoreceptor vesicles, 
although more than one third of the rhodopsin molecule was 
digested**:**. At present, it is difficult to compare the present 
findings with investigations™* reporting concanavalin binding 
on the external surface of isolated disks. To correlate the 
contradicting results it would be necessary to know whether 
the photoreceptor vesicles in the cited experiments were 
completely closed and whether all vesicles showed the original 
sidedness. 
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Role of nucleotide hydrolysis 
in microtubule assembly 


MICROTUBULE assembly in vitro requires (in normal conditions) 
that GTP be bound to the exchangeable nucleotide-binding site of 
tubulin’ ™?. The bound GTP is hydrolysed during polymerisation 
and the resulting GDP remains bound to the microtubule while the 
phosphate is released into the medium. Although hydrolysis 
normally occurs during polymerisation, microtubules will form in 
a non-hydrolysable analogue of GTP, guanylyl imidodiphosphate 
(GMP-PNP)*"*, We have observed®, as also has Arai®, that 
microtubules polymerised in GMP-PNP are not depolymerised by 
concentrations of Ca which completely depolymerise GTP micro- 
tubules. We have now found that GMP-PNP microtubules do not 
display evidence for a rapid equilibrium between polymer and 
subunit. The irreversible behaviour of GMP-PNP microtubules 
may explain the insensitivity to Ca and suggests a function for 
nucleotide hydrolysis during tubulin polymerisation. 

The reversibility of polymerisation was studied by dilution of 
preformed microtubules while constant solvent conditions were 
maintained. As others have observed ’~”, a plot of the extent of 
polymerisation in GTP against total tubulin concentration in- 
tercepts the concentration axis at about 0.2 mg ml! (Fig. 1). This 
concentration has been referred to as the “critical concentration” 
and is the minimum concentration at which the polymer (micro- 
tubules) exists. According to the theory of Osawa and Kassai’®, 
the critical concentration is the point at which the first turn of the 
polymer helix is stable and can act as a nucleation structure for 
further growth. The mechanism of microtubule assembly is not 
known, but itis likely to be much more complicated than the simple 
condensation mechanism of Osawa and Kasai’s theory. Thus the 
use of the term “critical concentration” does not imply here any 
specific model of polymerisation. The observation of a non-zero 
critical concentration, however, is important because it indicates 
that below thisconcentration no microtubules exist. In the dilution 
experiments this can only mean that the microtubules break down 


Fig. 1 Dilution series of GTP and GMP-PNP microtubules. 
Microtubes were assembled at 35°C in 0.1 M MES buffer (mor- 
pholine ethanesulphonic acid) at pH 6.6. | mM EGTA, 0.5 mM 
MeCl and either 1.0 mM GTP or 1.5 mM GMP-PNP (con- 
centrations at which maximum velocity of polymerisation is observed 
without inhibition). After an apparent plateau level of polymer- 
isation had been achieved, the sample was diluted with the same buffer 
and the new turbidity level was determined after 5 min. Tubulin was 
prepared by three cycles of polymerisation and centrifugation in 25%, 
givcerol. After the last centrifugation the pellet was resuspended in 
buffer and passed through Sephadex G-25 to remove most remaining 
traces of glycerol and nucleotide, ©, GTP microtubules: @. 
GMP-PNP microtubules. 


Polymerisation (A 350) 





0.5 1.0 


i> 20 25 30 33 
Tubulin concentration (mg ml~') 
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as the protein concentration is lowered, and therefore that they are 
in reversible equilibrium with subunits (or small aggregates). The 
complete breakdown of GPT microtubules after dilution has been 
confirmed by electron microscopy. 

When GMP-PNP microtubules are subjected to the same 
dilution experiment, the data points he on a straight line with an 
intercept on the concentration axis which is indistinguishable from 
zero (Fig. 1). In eight experiments at temperatures between 20 and 
37°C the average intercept was ~—0.07 mg ml! and in no 
experiment was the intercept greater than zero. The failure of 
GMP-PNP microtubules to break down at very low con- 
centrations up to Ih after dilution has been confirmed by electron 
microscopy. At temperatures below about 18 C GMP-PNP 
microtubules become reversible and Ca sensitive and the con- 
centration curve has a positive intercept. At these lower tempera- 
tures the critical concentration of analogue tubules is always less 
than that of GTP tubules. 

Although microtubules formed in GMP-PNP seem to be 
irreversible, or nearly so, complete polymerisation of tubulin is not 
observed in the analogue. The “plateau” level of polymerisation in 
GMP-PNP was always less than in GTP, although the difference 
varied widely between preparations. The lower level observed in 
the analogue is probably a result of inhibition of polymerisation by 
residual amounts of GDP remaining in the preparation. It 1s also 
possible that only a fraction of tubulin subunits are capable of 
polymerisation in GMP-PNP. Neither of these explanations alters 
the conclusions reached about the properties of GMP-PNP 
microtubules. 

The polymerisation of tubulin and of muscle actin (and most 
cytoplasmic actins) requires bound nucleotide (ATP or ADP in the 
case of actin). In both proteins the bound nucleotide triphosphate 
is hydrolysed during polymerisation, and in both systems the 
non-hydrolysable imidodiphosphate analogue promotes polymer- 
isation'’. The role of bound nucleotide in actin polymerisation has 
been studied extensively but no clear concensus exists concerning 
the function of hydrolysis in polymerisation. [It has been suggested 
that hydrolysis is involved in the depolymerisation reaction of 
actini? but the most direct test of this idea, depolymerisation of 
AMP-PNP F-actin by dilution, has not been performed success- 
fully’. 

In the experiments reported here we have demonstrated that 
microtubules assembled in GMP-PNP are essentially irreversible 
and that hydrolysis of bound GTP probably promotes the 
depolymerisation of microtubules. By analogy, it is reasonable to 
assume that ATP hydrolysis has a similar function in actin 
polymerisation. The possible benefit of this to the living cell in 
regulating polymerisation of fibrous structures is apparent. By 
using the energy of binding of nucleotide triphosphate, rapid 
assembly can be obtained. Rapid polymerisation, however, may be 
incompatible with the need to disassemble rapidly the polymer 
later (such as during mitosis). Hydrolysis is thus used to produce a 
more readily depolymerisable state. It has been observed clearly in 
the case of microtubules and is probably also true of actin fibres 
that various degrees of stability of the polymer exist in the cell. At 
least some of this variation could be achieved by maintaining the 
bound nucleotide as the triphosphate. This could be done by the 
action of a nucleotide diphosphokinase (“transphosphorylase ’) 
such as has been observed as a component of tubulin prepara- 
tions*:®. Future observations on the state of bound nucleotide in 
stable compared with labile microtubules and microfilaments may 
determine whether these speculations are valid, 
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Protem evolution in cyanobacteria 


THERE has been a great deal written in recent years on evolu- 
tionary relationships between prokaryotes and eukaryotes!*, 
and the possible origin of photosynthesis in eukaryotic cells 
by endosymbiosis of a cyanobacterium®?. Molecular methods 
have been used in an attempt to elucidate the principal events in 
Precambrian cellular evolution. For example primary structures 
of plastocyanin‘, cytochrome f*, and ferredoxin®’? have been 
published. These sequences have been compared to primary 
structures of functionally analogous macromolecules from 
eukaryotes. Before conclusions on the evolutionary relationships 
between prokaryotic cyanobacteria and eukaryotic algae and 
plants can be made from one representative amino acid sequence, 
it is necessary to evaluate the, amount of amino acid sequence 
“variation in proteins isolated from a wide range of cyanobacteria. 
In this study the amount of variation in plastocyanms and in 
cytochromes f was investigated. The results from complete and 
partial amino acid sequence determinations on these proteins 
from a number of cyanobacteria, suggest that the rate of evolu- 
tion of the proteins in oxygenic photosynthetic prokaryotes is 
much less than the rates of evolution of corresponding proteins 
in eukaryotic algae and higher plants. 

Plastocyanin and cytochrome f are components of the 
photosynthetic electron transfer chain®. Cyanobacteria were 
chosen which were reasonably diverse but also suitable to culture 
if the laboratory. The cytochromes f were from Anabaena 
variabilis, Kutzing; Plectonema boryanum 1462/2 (also called 
Phormidium luridum var. olivaceum) and Synechococcus 6312. 
The first two are filamentous cyanobacteria and the third is 
unicellular. The nucleotide base compositions of these strains 
are 44% (ref. 9), 47% (ref. 9), and 50.2% (ref. 10) G + C 

y. The G+C content of Spirulina maxima was 
36.6% (M. Herdmann, personal communication) measured on 
a sample of dried cells from the source in ref. 5. Plastocyanin 
from P. boryanum was also investigated. A. variabilis and 
P. boryanum were generally cultured in modified medium C of 
Kratz and Myers as described previously*. P. boryanum was 
also grown in the medium of Allen and Amon?! and latterly in 
the medium of Cannon ef a/.1*, Cells of Synechococcus 6312 
were a gift from R. Y. Stanier. 

Isolation of the proteins was, in the initial stages, as described 
previously*}3}4, After ammonium sulphate fractionation of 
the cel] extract and desalting to 1 mM phosphate buffer, pH 7, 
the solutions were passed down DEAE-cellulose where only 
Synechococcus 6312 cytochrome f was absorbed. Cytochromes f 
and plastocyanins from the other strains were absorbed on to 
CM-cellulose in the same buffer. The proteins were eluted from 
the ion-exchange celluloses with buffers of increased ionic 
strength. The proteins were further purified by absorption on 
to CM-cellulose at pH 3.9 followed by elution at increased pH 
and by gel filtration on Sephadex G-75. The protein preparations 
were checked for purity by polyacrylamide gel electrophoresis!4. 
Later Synechococcus 6312 cytochrome f and A. variabilis 
plastocyanin were run in 8% sodium dodecyl sulphate (SDS) 
gels”. A. variabilis plastocyanin ran partly as a dimer after 
incubation with SDS in mild conditions although it ran as a 
monomer during Sephadex gel filtration with phosphate 
buffers. This phenomenon has been reported for spinach and 
Scendesmus plastocyanin™". 

Cytochrome f has been isolated from all cyanobacteria 
investigated so far in this laboratory but the preparation of 
plastocyanin has proved much more difficult. No plastocyanin 
was detected in Synechococcus 6312 including one preparation 
using 500 g fresh weight of cells. Attempts to prepare plas- 
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tocyanin on a small scale from another two strains of , 
Synechococcus, 6307 and Anacystis nidulans (Synechococcus 
6301) and two strains of Aphanocapsa (unicellular cyano- 
bacteria) were unsuccessful. A number of attempts to isolate 

plastocyanin on a large scale from S. maxima were also un- 
successful. Initial results of an immunological survey of the 
culture collection of R.Y. Stanier at Institut Pasteur (my 
unpublished results) have indicated the presence of plastocyanin 
in crude extracts of all heterocyst forming cyanobacteria 
investigated. Extracts from three unicellular species (2 Aphano- 
capsa and 1 Microcystis) and a few Phormidium and Pseudo- 
anabaena species show definite cross reaction but tests on a 
large number of non-heterocyst forming filamentous cyano- 
bacteria (including a species of Spirulina) and unicellular species 
proved negative. There was no immunological cross reaction 
with an extract of A. nidulans although the presence of plasto- 
cyanin in this strain has been suggested on the basis of electron 
paramagnetic resonance signals’*. 

The amounts of the proteins isolated were generally very small 
for sequencing purposes (normal yields were a few mg from 
1 kg fresh weight of cells). The sequence information was 
obtained from proteins_ isolated from cultures grown over a 
two-year period. In addition the gifts of some Synechococcus 
6312 cytochrome f from G. Cohen-Bazire and A. variabills 
cytochrome f from D. W. Krogmann were received. 

P. boryanum cytochrome f was prepared in considerably 
higher yield (about 20 mg from 650 g fresh weight cells) from 
a batch grown in the medium of Cannon et a/.**, which contains 
10-50 times more iron per | than most cyanobacterial media. 
This success could not be repeated. In an attempt to increase 
the yield of cytochrome f, batches of A. variabilis were grown 
in the presence of diphenylamine (12 mg 17) in modified 
Detmer’s medium’. The strain did not grow well in these 
conditions and much lower yields of cells resulted, although the 
proportion of cytochrome f was increased. The copper content 
of the cyanobacterial plastocyanins, estimated with batho- 
cuproine™ indicated the presence of 1 mol Cu per mol protein. 

Native oxidised plastocyanin and native reduced cytochrome 
f were degraded in a Beckmann, model 890 A automatic 
sequenator by a 70 min ‘Quadrol’ double cleavage programme*?. 
All three cytochromes f tended to wash out of the cup and yields 
of phenylisothiocyanate derivatives dropped quickly. Identifi- 
cations proved impossible after 20 cycles. Cytochromes f from 
Synechococcus 6312 and P. boryanum were later degraded using 
a single cleavage programme with dimethylbenzylamine™*. 
Identification of phenylisothiocyanate derivatives was carried 
out as described previously‘ with the addition that some 
derivatives were hydrolysed to the free amino acids with HC1**. 
The criteria of reliability of sequenator results adopted were 
generally those of Niall™. 

Some of the residues and amide assignments at the amino 


Table 1 Percentage similarity matrix for cytochromes f 
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P. boann — 56 46 54 43 47 
Spirulina maxima 56 — 47 53 42 49 
Monochrysis lutheri 46 47 — 48 35 45 
_Potphyra tenera 54 53 48 — 35 67 
Euglena gracilis 43 42 35 35 — 39 
Alaria esculenta 47 49 45 67 39 — 





For the comparison Asx is taken as identical to both Asp and Asn, 
and Glx to both Glu and Gin. 


T94 


e terminal regions of the cytochromes f were confirmed by diges- 
tion of small amounts of the cytochromes with trypsin after 
removal of the haem. The rest of the available material (about 
8 mg) was used. Peptides were isolated by established methods 
for prokaryotic type c cytochromes™. Ytelds of tryptic peptides 
from many parts of the sequences were very low or zero partly 
due to the presence of —Asn—Gh-— sequences which readily 
undergo deamidation®™. 

The alignment of the amino-terminal regions of the cyto- 
chromes f is shown in Fig. 1. The other parts of the sequences 
from which peptides were obtained and sequenced are aligned 
by homology with the complete sequences of P. boryanum 
cytochrome f (my unpublished results); Porphyra tenera cyto- 
chrome f™ and the other prokaryotic and eukaryotic cyto- 
chromes f aligned previously*. 

The similarity matrix (Table 1) shows that P. boryanum and 
Spirulina maxima cytochromes f have nearly identical per- 
centages of similarity to each eukaryotic algal sequence taken 
in turn. The cyanobacterial sequences are 10% closer to each 
other than the average for all the other sequence comparisons. 
They are much closer to the red algal (P. tenera) cytochrome f™ 
than to the other eukaryotic algal cytochromes. This is 
interesting in view of the many close similarities between cyano- 
bacteria and red algae?’. The partial sequences of the other 
cytochromes f strongly suggest that these numerical relation- 
ships are general. 

The amino terminal sequence of P. boryanum plastocyanin 
is aligned in Fig. 2 with those of A.yariabilis plastocyanin‘, 
Chlorella fusca plastocyanin™ and two examples of higher 
plant plastocyanins™’™. The partial sequence of plastocyanin 


Fig. 1 Alignment of cytochromes f. a, Synechococcus 6312; b, Anabaena variabilis; c, Plectonerna 
lutheri (chrysophytan alga); f, Porphyra tenera (red alga); g, Euglena gracilis; h, A 
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40 
a 
b -Lys-lys-Ala-Asp-Leu-Glu-Lys-Tyr 
c, ~Lys-Lys-Asp-Ala-Leu-Thr~Ala 
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from P. boryanum has considerable similarity to the same 
regions in the other plastocyanins if a deletion at position 13 is 
considered. Gly-34 (one of the tentative assignments), Val-33 
and Met-7 have previously been invariant residues. The simil- 
arity matrix (Table 2) gives percentage comparisons between 
the amino-terminal sequences. This region of A.variabilis 
plastocyanin is slightly closer to the eukaryotic algal plasto- 
cyanm than to P. boryanum plastocyanin. This finding is valid 
even if the changes in the previously invariant residues are 
treated with caution. 

Amino acid sequences of cyanobacterial ferredoxin from 
Aphanothece and two strains of Spirulina”! have been compared 
to primary structures of ferredoxins from eukaryotic algae and 
plants. Results were obtained similar to those in the present 
study. The prokaryotic sequences are either not closer or only 
slightly closer to each other than to the corresponding eukaryotic 
algal sequences. Where comparisons with higher plant sequences 
can be made (in the cases of plastocyanin and ferredoxin) 
cyanobacterial primary structures do sesm to be closer to each 
other than to the higher plant sequences. Ferredoxin sequence 
comparisons ought to be treated with caution because multiple 
ferredoxins with quite distinct amino acid compositions have 
been shown to be present in some plants’? and in cyanobac- 
teria?! ??, 

Fossil evidence indicates that filamentous and unicellular 
forms of cyanobacteria diverged in the early Precambrian era, 
about 3 x 10° yr ago?’ and many of these have subsequently 
evolved little. In the Gunflint Iron formations (1.6 x 10°-2 x 
10° yr old) many representatives of extant cyanobacterial 
families (Chroococcaceae, Oscillatoriaceae and Nostocaceae) 


; d, Spirulina maxima; e, Monochrysis 
a (brown alga). 
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7 k Agp-Thr-Val-Lye-Val-Tle-Met-Gl)-Gly (Ser) tyvs-Gly——Teu-Val -Phe-Glu-Pro-Ala-Val -Val-A an-Val.~ 
l 5 | | stu-thne~tye~the-Val~Tye-Len-Gly-Ser-“Agp-Lys-Gly-Lex-Leu-Val -Phe-Glu-ProAla-Tys-Leavite “le = 
c Asp Val-rhr-Val-Iys —te-Gly-Rla-Asp-Ser-Gly-Ala-Leu-Val-Phe-G lu-Pro-Ser-s er-Val-Thr-Lla 7 
7 S | Leu~Asp-Val-Leu-Leu-Gly-Gly-Asp-Asp-Gly-Gex-Leu-Ala-Phe-Ile-Pro-Gly-Asn Phe Ser Val - 
Í o Lew Gluval-Leu-Leu-Gly-Ser-Gly-f.sp-Cly-Ser-Leu-Val Phe-Val -Pro-Ser~-Glu-Phe-Ser-Vall - 
24 25 26°27 28 29 30 31 32 33 34 35 26 37 38 39'40 41 42 43 44 
a ~Tys-Ala~Gly-Asp~thr-Lle-In-Phe-Glu-Val (Gly) Gin (Leu) Pro-Pro-His- 
bh -IysProCly-AspThi-Val-Glu-Phe-LeyAsri-Asn-Lys-Val-Pro-Pro-His-Asn-Val-Val-Phe-Asp- 
P „rys-Ala-Gly-Glu-ihr-Val-Thr-rrp-Va]-Am-Am-Ala-Gly-phe-Pro-His-Asn-I1e-Val-Phe-Asp- 


d - - 7Ser-Al a-Gly-Glu-Lvs-Tle—Thr-Phe-Lys-Asn-AsnAla-Gly Phe -Pro-His-Asn-Val-Val-Phe-Asp- 


l- A ~Pro-Ser-Gly-Glu-Jiys-Lle-Val-Phe-Lys-Ash~Asn-Ala-Gly Phe-Pro-His-Asn-Val Val-PheAsp- 


Fig. 2 N-terminal amino acid sequences of plastocyanins. a, Plectonema boryanum 1462/2; b, Anabaena vartabilis (Kultzing); c, Chlorella fusca 
. (vacuolata); d, Potato (Solanum tuberosum); e. French bean (Phaseolus vulgaris). Residues shown in brackets are tentatrve. 


have been identified?*. In more recent rocks (the Bitter Spring 
formations, 0.9 10° yr old) many species of cyanobacteria 
have been identified at the specific or generic level with extant 
organisms, including Spirulina. If the strains of cyanobacteria 
for which protein sequence information 1s available are as 
evolutionarily diverse as the fossil record suggests, then it is 
perhaps surprising that their amino acid sequences are not more 
different. Cyanobacteria were a diverse group of organisms 
3 x 10° yr ago?* and eukaryotic algae diverged in a time measured 
in hundreds of millions of years**. There seems to be, however, 
the same degree of similarity in analogously functioning proteins. 
It has been postulated that the rate of evolution of a particular 
protein in a wide range of organisms is approximately constant™. 
This has been shown for cytochrome c, haemoglobin and 
fibrinopeptide and has enabled phylogenetic trees to be 
constructed which correspond well with palaeontological 
evidence™, If cyanobacteria have evolved very little? in 
morphology and physiology since the oxygenic mode of 
photosynthesis was established in the Precambrian era there is 
probably, little selective value for changes in primary structure 
of their photosynthetic proteins. Chloroplasts have evolved 
and’ in a wide variety of eukaryotes over a much 
shorter time span than that in which cyanobacteria have 
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Table 2 Similarity matrix for plastocyanins 
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P. boryanun : _-— 49 41 ' 361 33 
A, vartabilis ro 499 — 56 36 38 
Chlorella fusca . - 41, 56 . — 49 46 
Potato ` 36° 36 49 — 69 
69 5 


French bean g EOS 38 


The values are expressed as a percentage identity for residues 
1-39. GO SE ONE sequence has been assigned as a 21st 
amino acid.” if : l 


continued to populate similar ecological habitats. The rate of 
evolution of cytochrome f (a type c cytochrome) could be 
expected to be comparable to that of mitochondrial cytochrome 


` c which is three “accepted point mutations” per 10° yr (ref. 34). 


The rate of evolution of higher plant plastocyanin is about twice 
this value**. At these rates of change of amino acid sequence 
one would expect very little remaining similarity in primary 
structure of these proteins from diverse blue-green algae 
(except for a few highly invariant amino acid residues required 
for a specific function such as binding of the prosthetic group). 
When the cyanobacterial proteins are compared with analog- 
ously functioning proteins in other cyanobacteria or in eukar- 
yotes it would seem that their rates of evolution are much less 
than the rates of evolution of the proteins in eukaryotic algae 
and higher plants. The results seem very much against the hypo- 
thesis of neutral mutation in protein™. This is the hypothesis 
that most evolutionary change in DNA is not due to Darwinian 
natural selection but to selectively neutral mutations which 
become passively fixed through the action of random genetic 
drift. These selectively neutral mutations in DNA result in 
substitutions of amino acids in proteins which do not cause 
appreciable changes in protein function. In fact this does not 
seem to be the case here. It would seem that the role of neutral 
mutation, is small and the amount of change in these cyano- 
bacterial amino acid sequences which has occurred seems to 
reflect the functional differences between the proteins in the 
variety of organisms. For example it was seen that the cyano- 
bacterial and red algal cytochrome f were particularly close. 

It is also possible that the pattern of divergence in cyanobac- 
terial primary structures has been obscured by transfer of genetic 
information coding for these photosynthetic proteins. There is 
evidence to suggest that this has occurred between distantly 
related bacteria’, but whatever the reason for the sequence 
comparisons obtained, protein sequence studies have produced 
a considerable amount of evidence for the hypothesis of the 
common origin of oxygenic photosynthesis in prokaryotes and 
eukaryotes. It seems unlikely, however, that molecular methods 
will enable construction of phylogenetic trees which would in- 
dicate the precise manner in which cyanobacteria evolved into 
chloroplasts or chloroplast-containing eukaryotes. 
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New approach to steroid conversion 
using activated immobilised microorganisms 


THE marked increase in demand for contraceptives and 
anti-inflammatory agents such as cortisol and prednisolone, 
combined with a diminishing supply of steroid raw materials 
may lead to shortages of steroid drugs'. Thus it is important 
to develop new sources for steroids as well as to devise 
more efficient means for steroid conversions. Here we 
report a new approach to steroid transformation in which 
activated immobilised microorganisms are utilised and 
which represents a promising alternative to conventional 
microbial transformation processes. 

Immobilised microorganisms have attracted increasing 
interest as catalysts in the past few years’ ’ They have the 
game operational advantages as those inherent in ım- 
mobilised enzymes’, they are reusable, they are well suited 
for continuous operation in controlled conditions and fur- 
ther, there ıs no stringent demand for asepsis during opera- 
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tion. Immobilised microorganisms offer the additional 
advantage that tedious and costly enzyme isolation is 
obviated, that the enzyme is usually more stable due to its 
localisation in its ‘“‘natural environment”, and that there 1s 
usually no need for cofactor. Thus, provided competing 
reactions can be eliminated, immobilised microorganisms 
are very promising catalysts. 

In this communication we consider especially a property 
umque to immobiksed whole-cell catalysts—the possibility 
of in situ activation of the immobilised enzyme activity. 
The system studied was the important corticosteroid trans- 
formation cortisol A*debydrogenaso prednisolone. The re- 
action was catalysed by polyacrylamide-entrapped Coryne- 
bacterium simplex. 

C. simplex cells were grown in a medium of 025% yeast 
extract; the A’-dehydrogenase activity being induced by 
addition of cortisol to the culture 12 h before collection by 
continuous centrifugation at 10,000¢e. The cells (Sg wet 
weight) were suspended in 20 ml of ice-cold 0.1 M Tris-HCl 
buffer, pH 7.5, and mixed with 25 ml of ice-cold aqueous 
monomer solution containing 7.13 g of acrylamide and 
0.38 g of N,N’-methylene-bis-acrylamide. The mixture was 
poured into a sandwich-like polymerisation vessel (made of 
two glass plates 20x 200.2 cm, spaced 2mm apart with a 
piece of latex tubing) and the catalyst potassium persulphate 
(50 mg) and ¢etramethylenecdamine (100 mg) were added in 
water (1 ml). Nitrogen gas was bubbled through the sus- 
pension and polymerisation started within 2 min. The poly- 
acrylamide gel sheet was fragmented in a blender and the 
gel granules (average size 0.2 mm) were washed extensively 
with Tris buffer and then stored at —20 °C at which tem- 
perature the preparation was stable for several months. 

The 3-ketosteroid-A’-dehydrogenase activity of the im- 
mobilised C. simplex was assayed conveniently spectro- 
photometrically (Fig 1), and sole product, prednisolone, 
was identified by thin-layer chromatography. Approxi- 
mately 40% of the dehydrogenase activity was retained dur- 
ing the immobilisation procedure (all bacteria added were 
immobiksed and no release of bactema was observed 
during incubations). Initial experiments revealed, however, 
that the activity declined rather rapidly on repeated batch- 
wise conversions of high loads of cortisol and this could 
only be compensated for to a limited degree by addition 
of the artificial electron acceptor menadione‘. Instead the 
stabilising influence of various nutrients and salts was 
investigated; the results are given in Table 1. In media 


Fig. 1 Assay of A’-dehydrogenase activity. A)-Dehydrogenase 
activity of immobilised C. simplex was determined in air- 
saturated 1 mM cortisol. The progress of the reaction was 
monitored at 285 nm by pumping the supernatant through a flow 
cell (Ae = 2,820 M~! cm!) The initial transformation rates 
listed in Table [| were determined in an assay composition of 
0.5 g of gel ules (wet weight)+ 9.0 ml of 0.05 M Tris-HCI, 
PH 7.0, plus, 0.5 ml of 20 mM cortisol (methanol). 
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Fig. 2 Repeated batchwise transformation of cortisol to pred- 
msolone. C. simplex gel (2.0 g, wet weight) was suspended in 285 
ml of 05% peptone, pH 7.0, +15 ml of 20 mM cortisol 
(methanol). The transformation was carried out in the apparatus 
depicted ın Fig. 1. When 100% conversion to prednisolone was 
reached (indicated by the location of the points), the gel was 
washed and again incubated with fresh cortisolcontaining 
medium. The whole experiment lasted 4 d. 


consisting of water or buffer the activity decreased, whereas 
in peptone-containing and glucose-containing media the 
activity was not only preserved but also increased to several 
times that of the original activity. 

The 0.5% peptone medium and the 01% peptone +0.2% 
glucose medium were selected for further study and an 
experiment with repeated batchwise transformation was 
conducted. Both media were approximately equally 
efficient, and in Fig. 2 the results obtained with the 0.5% 
peptone medium are depicted. As can be seen, the trans- 
formation capacity increased remarkably with each run, 
thus while in the first batch 100% transformation was 
obtained after 18h, the last batch was completed in less 
than 2h. The transformation capacity at the end of the 
experiment was approximately 0.5 g of steroid per d per g of 
gel (wet weight). 

This transformation capacity means that a continuously 
operating reactor loaded with only 1-2 kg of immobilised 
C. simplex gel would suffice to supply the Swedish demand 
for 1-dehydrogenated steroids (8 million inhabitants con- 
suming approximately 250 kg of I-dehydrogenated steroids 
per year at a value of £5 million). The calculation is based 
on the assumptions that the catalyst is completely stable, 
that no decrease in efficiency occurs on scaling up and that 
the dehydrogenation is the final step in the production of 
A’-dehydrogenated steroids. Even if these assumptions are 
too optimistic, the calculation still serves to give some idea 
of the very modest reactor dimensions needed even for 
large-scaJe production of A’-dehydrognated steroids. 

Preliminary experiments show that the so-called pseudo- 
crystallofermentation technique’ is applicable also to en- 
trapped C simplex. Cortisol was thus added in an amount 
(3.6 g I`) far exceeding its solubility in the medium and was 
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Table 1 Activating effect of nutrients on the Al-dehydrogenase 
activity 





Medium Initial transformation rate (%) after 
0 2 6 10 16 d 
Peptone, 0.5% 100 460 SOO 650 530 
Peptone, 0.1274 
Glucose, 0.2% 100 270 230 25 250 
Glucose, 0.2 ° 100 210 170 10 90 
K,HPO,, 0.1 M, 
pH = 7.0 100 70 50 60 60 
Tris-HCl, 0.05 M, 
pH = 7.0 100 100 70 70 30 
H,O 100 60 40 40 20 





C. simplex gel (0 5 g) was incubated ın 9.0 ml of medium as indi- 
cated and 0.5 ml of 20 mM cortisol (methanol) was added. The 
suspension was shaken on a rotary shaker at 25°C and at 48h 
intervals the medium was replaced by fresh cortisol-containing 
medium. At the times indicated the gel was filtered off, washed and 
assayed for A'-dehydrogenase activity as described in Fig. 1. 


completely converted at approximately the same rate as ın 
experiments with dissolved cortisol. The product predniso- 
lone, which precipitated out, could be isolated simply by 
filtration after the rather dense gel granules had been 
allowed to settle. This technique allows reduction of media 
volumes by orders of magnitude and thus also of nutrients. 

The reason for the observed activation 1s not known, it 
could be microbial growth or protein synthesis Microscopic 
studies of gel granules revealed that there is at least some 
increase in the amount of entrapped bactema. Continuous 
induction leading to de novo synthesis of A*-dehydrogenase 
in existing cells is also a plausible explanation. Cell lysis, 
which might enhance substrate/product transport, is, on the 
other hand, considered a rather unlikely cause of activa- 
ton, since increased activity was observed only in media 
containing nutrients (Table 1). 

In situ (re)actrvation procedures similar to that given 
here should obviously also be applicable to other processes 
catalysed by immobilised microorganisms, for example, 
biotransformation of other steroids and antibiotics as well 
as other compounds. 
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Polymers for the sustained release 
of protems and other macromolecules 


SINCE the first demonstration that sihcone rubber! could 
be used as an implantable carrier for sustained delivery of 
low molecular weight compounds in animal tissues, various 
drug dehvery systems have been developed. But except for 
the reports óf Davis’ and Gimbrone ef al.‘, there has been 
little success in the development ofeslow release agents for 
large molecular weight compounds. Furthermore, the poly- 
mers used in those studies, polyvinylpyrrolidone and poly- 
acrylamide, are often inflammatory in animal tissues and 


798 


Nature Vol. 263 October 28 1976 





Tabie 1 Host response to corneal polymer gel implants 


anes 
Polyacrylamide, 20 
Polyvinylp ee 


Polyviny Fore asi 1% EoD Sn LO He) 
Polyvinylalcohol (washed, 1 
Hydron-S (with and without water 

in the polymer casting solution) 
Ethylene—viny] acetate copolymer (unwashed) 
Ethylene—vinyl acetate copolymer (washed) 


Inflammation* 
No. of tests None > Mild — Significant 

10 20% 30% 50% 

4 0 0 100 ® 
20 15° 10% 15% 

6 67° 33 °/ 0 
15 100° 0 0 
20 40 a 60% 0 
20 100 &/ 0 0 


*The criteria were oedema, white cells and neovasculansation as observed through a stereomicroscope. A response was judged to be mild 
if any one of the three characteristics was detected, and significant if their presence was enough to cause corneal opacity. 


usually permit omy brief periods of sustained release. We 
now present a simple method for incorporating various pro- 
teins and other macromolecules into non-inflammatory 
polymers. Sustained release of biochemically active macro- 
molecules has been demonstrated for periods exceeding 
100 d. 

SterHe polymer casting solutions were made dy dissolving 
polymers in appropriate solvents: Hydron (a polymer of 
hydroxyethyhmethacrylate) in absolute alcohol at 37°C; 
ethylene-vinyl acetate copolymer (40% by weight vinyl 
acetate) in methylene chloride at 37 °C; and polyvinylalcohol 
by autoclaving in distilled water. Slow release pellets were 
made by ptacing a mixture of casting solution and the 
macromolecule to be released in a conical mould, 2—4 mm 
in diameter amd 1.5 mm deep. Glass moulds were used for 
the ethylene-vinyl acetate copolymer because the polymer 
casting solution reacted with plastics causing adhesion. The 
moulds were dred under a mild vacuum (600 mmHg) over- 
night causing the solvent to evaporate leaving the macro- 
molecule trapped within the polymer matrix. To retard 
further release of macromolecules, ‘sandwiches’ were some- 
times made by coating the matrix with pure polymer in 
casting solution. Coating was achieved by dipping the 
polymer pellet in a puddle of pure polymer an casting sotu- 
tion and drying. In an alternative method of coating, pure 
polymer in casting solution was dried in the bottom of a 
mowld, a middle layer of polymer and macromolecule was 
added and dréed, and finally a top layer of pure polymer in 
casting solution was added and dried. Before use, the dried 
slow-release pellets were rehydrated by adding a drop of 
Ringer solution. 

To study tissue response to the polymers, sterile polymer 
pellets (1.5 1.50.5 mm’) were implanted «n the eyes of 
rabbits, by aseptically creating a small pocket in the cornea‘. 
Inflammation was judged by stereomicroscopy. The sensi- 
tivity of the cornea to inflammatory stimuli as well as its 
clarity and avascularity make it an excellem site to observe 
inflammatory characteristics: oedema, white-cell infiltra- 
tion, end meovasculansation’, 

Ethylene—vinyl acetate copolymer, exhaustively washed in 
alcohol, and Hydron caused no inflammation in the cornea 
(Table 1). Histological sections made 3-4 weeks after im- 
plantation showed no foreign ceHs in the region surrounding 
the polymers or in other areas of the cornea. In contrast, 
polyacrylamide and polyvinylpyrrolidone, prepared accord- 
ing to Davis’, were significantly inflammatory. Polyacryl- 
amide has been used in our laboratory for several years‘, 
and inflammatory responses have been reduced by various 
washing techniques (R. Arensman and M. Gimbrone, un- 
published). Unwashed polyvinwalcohol pellets also caused 
inflammation. Washing the potymer exhaustively with 
alcohol greatly reduced, but did not eliminate, the inflam- 
matory response a 1). 

Polyvinylalcohol, Hydron and ethylene-vinyl acetate 
copolymer were examined for the ability to release soybean 
trypsin inhibitor (molecular weight 21,000). The polymer- 
water ratio in the casting solution of polyvinylalcohol was 


importam in the determination of release rates. The effects 
of various polyvinylalcohol concentrations in the casting 
solution on the rate of release of soybean trypsin inhibitor 
are summarised in Fig. 1. An increase in the polymer con- 
centration in the casting solution significantly decreased the 
initial rate at which protein was released. A threghold level 
was apparently reached at about 10% polyvinylalcohol, 
because further increases in polymer concentration did 
little to retard release from the pellet. Water was also added 
to the Hydron-alcohol-protein casting solution. The greater 
the water-polymer ratio, the greater was the rate of protein 
release from the pellet. 

Figure 1 illustrates two additional features of these slow 
release systems: (1) a large percertage of protein was 
released during the first hour of incubation, that is, ‘burst 
effect’; (2) the rate of release was significantly retarded in 
polymer ‘sandwiches’. 

Figure 2a shows the release of soybean trypsin inhibitor 
from the three polymers. Protein was released from Hydron 


relatively rapidly, more slowly from polyvwinylalcohol, and. 


least rapidly from ethylene-vinyl acetate copolymer. The 
‘burst’ was evident for all three systems. 


Fig. 1 Release of soybean trypsin inhibitor from polyvinylalcohol. 
The percentage of polymer in the casting solution was varied. 
Protein concentration in all ser iby Ioan oer was 12 mg ml7?. 
Release characteristics were studied by incubating poner pellets 
in small test tubes with lactated Ringer solution at 37 riodi- 
cally, pellets were removed to new tubes contaming fresh Ringer 
solution. Protein rekease from the Paice was assayed by the 
Lowry method’. Polyvinylalcohol, Doe ie andi A, "6%: 


W,10%;c 


and cross, 20%: @, 1 
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(9) 20 40 60 80 W00 
Time (d) 


Fh. 2 a, Release of soybean trypsin inhibitor from Hydron (A), 


po yvinylaicohol (O) and ethylene-vinyl acetate copolymer 
sandwiches’ (O). tein concentration in all casting solutions 
was 50 mg ml-!. Polymer concentrations in casting solutions 
were 12% Hydron, 10% polyvinylalcohol and 10% ethylene-vinyl 
acetate copolymer. concentrations minimised initial rates 
of release from each of the individual polymer systems and still 
permutted viscosities low enough so that the solutions were 
easy to work with. b, Release of four proteins from ethylene- 
vinyl acetate copolymer ‘sandwiches’. Protein and polymer 
concentrations in casting solutions were 50 mg ml! and 10%, 
respectively. Release was studied as described in Fig. 1. A, 
Lysozyme; ©, soybean trypsin inhibitor; @. alkaline phos- 
p > D, catalase. 


Three other proteins, lysozyme (molecular weight 14,400), 
alkaline phosphatase (molecular weight 88,000), and catalase 
(molecular weight 250,000) were simHarly studied. Their 
release profiles from ethylene-vinyl acetate copolymer are 
shown in Fig. 2b. Release rates approach zero-order kinetics 
over periods of 20-100 d. Using standard assays’, we also 
found that this polymer released more than 100 ng per day 
of heparin, and "H-thymidine-labelled DNA (isolated from 
mouse SVT2 cells); and in excess of 100uU per day of 
insulin for periods exceeding 40 d. 

To determine whether the polymers were releasing bio- 
chemically active material in vitro, pellets containing 300 ug 
of lysoz¥me, soybean trypsin inhibitor, and alkaline phos- 
phatase were placed in 20-m! volumes of Ringer at 37 °C. 
After 2d of this incubation, each polymer was washed with 
100 ml of Ringer for 5 min and placed on an agar diffuston 


T99 


slide described before“. Formation of zones of activity ə 
on these slides indicated the release of at least 100 ng per 
day of biochemically active material. When this cycle was 
repeated, new zones continued to form for periods exceed- 
ing 100d with ethylene-vinyl acetate copolymer ‘sand- 
wiches’, and for 14 and 4d with oolyvinylalcohol and 
Hydron ‘sandwiches’, respectively. Furthermore, when the 
specific activity of alkaline phosphatase was tested before 
and after incorporation into each of the three polymers, 
more than 80% of the enzyme escaping from the polymers 
was found to be active. 

To ‘determine whether biologically active macromolecules 
could be celeased in vivo, ethylene-vinyl acetate copolymer 
‘sandwiches’ containing tumour angtogenesis factor (TAF), 
a tumour cell extract that induces neovasciwarisation”, were 
tested. Pellets containing TAF were implanted into 20 
rabbit corneas and in every case vessels sprouted from the 
‘corneal edge and grew towards the polymer. No oedema or 
white cells were detected. After 40 d, several of the polymers 
were removed and vessels disappeared within 21d. When 
the same polymers were washed in Ringer solution and 
transplanted to new corneas, vascular responses were again 
observed, although rates of vessel growth were somewhat 
slower than with the initial implants. Also, pellets of poly- 
vinwlalcohol or ethylene-vinyl acetate copolymer comain- 
ing TAF consistently produced neovascular responses when 
implanted on a 10 or 1ł-d-old chick chorioaflantoic 
membrane. The polymers alone induced no such response. 

These studies show that sustained release of proteins and 

other macromolecules from polymeric vehicles can be 
achieved over prolonged periods. The mechanism of release 
of large molecules from these polymers is not entirely clear. 
The mechanism, at least for ethylene-vinyl acetate 
copolymer, does not seem to depend on simple diffusion: The 
game macromolecules which were released so readily from 
this polymer after incorporation into its matrix, do not 
diffuse through a film of the pure polymer. Furthermore, 
when Dextran blue (molecular weight 2,000,000) was incor- 
porated into ethylene-vinyl acetate copolymer, more? than 
90% was released in 3d, in contrast to proteins. such as 
alkaline phosphatase (molecular weight 88,000) where 90%: 
release required nearly 100d. It can be speculated that’ be- 
cause this polymer is permeable to water, proteins deep 
wihin the polymer matrix may be driven to the surface 
by osmotic pressure or capillary action. 
- There are several possible appitcations. These polymers 
may be useful in the development of bioassays for various 
substances, including growth factors, chemotactic com- 
pounds and other informational molecules. The ability of 
ethylene—vinylacetate copolymer in casting solution to bind 
to plastics may facilitate new approaches for tissue culture 
experiments. It remains to be seen whether these polymers 
will eventually be clinically useful for long term delivery of 
macromolecules such as insulin, heparin or enzymes. 

We thank Dr Patrick Wong of Alza Corporation for 
advice and polymers, and we thank Ken Tyler, Henry 
Brem, Dr David Tapper, Dr Michael Klein, Dr Kenneth 
Falterman, Dr Michael Klagsbrun, Germaine Grant, Von 
Gryska and Carl Cobb for assistance. 
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Department of Surgery, 
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Harvard Medical School, 
Boston, Massachusetts 02115 
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Enhancement in the sweetness of sucrose 


THERE 1s considerable interest in the relationship between 
chemical structure, both configurational and conformational 
and the sweet response’ particularly in the case of sucrose 
(1) since, of all the sweetening agents it is the most widely 
used Hitherto, no derivative of sucrose nor any other 
carbohydrate has shown sweetness substantially greater than 
that of sucrose, indeed to the contrary sucrose octa-acetate 
is very bitter, sucrose monoesters are much less sweet and 
galacto-sucrose (2), a C4 epimer of sucrose, is greatly 
diminished in sweetness’. Nevertheless, one of the objectives 
in our studies on the chemistry of sucrose has been to 
modify its structure, by chemical means in order to enhance 
its natural sweetness and in the process prevent metabolism 
by inhibiting breakdown by invertase. We have now been 
greatly encouraged by the surprising discovery that a 
galacto-sucrose derivative, namely  1’,4,6,6’-tetrachloro- 
galacto-sucrose (3) is intensely sweet, comparable with 
saccharin but without an unpleasant after-taste. 


a R 
R’ 
O 
fe 3 R 
ze OH HO 
7 3 OH OH 
rOo3e 
208 
J >œ 
eas 
2? 
i] ¢ 


b 
. R 
R/O O 
R 
OH HO 
O 
OH H 

Fig. 1 a, Sucrose (1; R = R’ = R” = OH) and its 6,6’-dichloro 
(4; R = R” = R’ = OH) and 1’,6’-dichloro (5: R’ = R” 


= Cl R = OH) derivatives; b, galacto-sucrose & R = OH) 
and its tetrachloro derivative (3: R= 


Lindley, Birch and Khan? suggested from studies on 
methyl ethers of sucrose that the equatorial 4-hydroxyl 
group of sucrose (1) interacts with the taste buds of the 
tongue by intermolecular hydrogen bonding and that loss 
of sweetness in galacto-sucrose (2) is due to the axial 4 
hydroxyl group being masked by an intramolecular 
hydrogen bond to the ring oxygen. Whilst our tetrachloro 
derivative (3) is not in disagreement with the latter obser- 
vation, the 4-chloro substituent could only act as a hydrogen 
bond acceptor on the taste bud. Likewise they suggested the 
importance of the 1’-hydroxyl group of sucrose which is 
supported by our own" observations in that 6,6’-dichloro- 
sucrose’ (4) is less sweet than sucrose, implying that in (3) 
the 1’4-dichloro substituents are enhancing Ks sweetness. On 
the other hand 1’,6,6’-trichloro’ and 4,6,6’-trichloro’ deriva- 
tives are more than 10 times sweeter than sucrose but not 
as intensely sweet as the aforementioned tetrachloro deriva- 
tive (3). It is highly significant that 1’6’-dichlorosucrose (5) 
ig intensely sweet, like the tetrachloro derivative (3), which 
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pinpoints the importance of the chloro substituent at the 
1’-position on the molecule of sucrose. 

If the Shallenberger theory of sugar sweetness’ is correct, 
where two electronegative atoms A and B separated by 2.5— 
40A initiate the sweet taste by intermolecular hydrogen 
bonding between A-H and B and similar groups on the 
receptor site, then it would seem that the 1’-chloro sub 
stituent is the proton acceptor B and the 2- -hydroxyl on the 
glucosyl moiety is A-H, the proton donor. The intense 
sweetness of the chloro compounds 3 and 5 could also be 
due ın part to their greater lipophilic character than sucrose. 
The subtle interplay of intramolecular bonding in the 
sucrose molecule has an important role and the introduction 
of chloro substituents seems to have reinforced the effect. 
The sucrose derivatives in which a 6-hydroxyl of the fructo- 
furanosyl unit of sucrose has been replaced by a chloro 
substituent are resistant to the action of invertase, a 
8-p-fructofuranosidase (J. Chapman, unpublished results). 
Hence in the development of alternative sweeteners from 
sucrose, as for example for application in dietetic food, 
combining high sweetness with low calorie content, the 
chloro derivatives are worthy of further evaluation. 

The material in this publication is included in British 
Patent Applications No 616/76 and 19570/76. We thank 
the International Sugar Research Foundation Inc. and Tate 
and Lyle Ltd for support. 
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Erratum 


In the article “Conformation of met'-enkephalin determined 
by high field PMR spectroscopy” by B. P Roques et al. 
(Nature, 262, 778; 1976) the legends to Figs 2 and 3 are 
transposed. The Figs are in the correct positions The 
alignment of the stereo picture is incorrect and should be 


as below. 
L Lo a 
E, 


Nature Index and Binders 


The Index for 1975 is now available, price 
£2.25 Copies of the 1974 index are still on 


sale, price £3.00. Binders for the journal are also 
available at £8.00 for four (a year of Nature fits 


into four binders). 

Postage is included in the above prices. Orders 
should be sent, accompanied by remittanée to 
Macmillan Journals Ltd, Brunel Road, Basing- 
stoke, Hampshire, England. 
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Tackling computer myths 


The Thinking Computer: Mind Inside 
Matter. By Bertram Raphael. Pp. xui+ 
322. (Freeman: San Francisco and 
Reading, May 1976.) Cloth £9; paper 
£4.40. 


ARTIFICIAL INTELLIGENCE (AI) ig beset 
by all the difficulties of any immature 
science. Since so little is agreed among 
its workers in the way of basic theory 
and truths, any presentation of it is 
bound to be inadequate, and that ap- 
plies especially to any attempt to pro- 
duce a non-contentious introductory 
text like the one under review. It is 
almost inevitable that such a work will 
be parochial in terms of the research 
laboratory it comes from, and the areas 
within the field on which it concen- 
trates. To say this is not to blame the 
author: in the present state of things 
in AI it could not be otherwise. 

Thus the present book is heavily 


` oriented to the research carried out at 


the Stanford Research Institute (SRI), 
its author’s home, and is strongest in 
the areas where SRI 4s strong: robots, 
formal approaches to probem solving 
and vision; and weakest where they 
are weakest: natural language, high 
level programming languages, and the 
som of specwation about -‘knowledge 
structures’ that has been emerging 
from MIT in the past two years. The 
book seems to have been written 
essentially by about 1972, and is, in 
that sense, out of date. But, once again, 
it Is a criticism of the subject and not 
thre author that being up to date is con- 
sidered so important in AI. In a mature 
science, the basics could be absorbed 
perfectly well from a four-year-old text- 
book. In so far as abstract problem- 
solving techniques, resolution theory in 
theorem proving, and techniques of the 
same vintage in vision, are fundamental 


` building blocks of the subject (and to 


some extent it is undeniable that they 
are), then they are well and clearly 
presented here. 

The book aims to fill TN gap between 
a wholly popular account of AI re- 
search and the style of the technical 
literature: and is intended to lead any- 
one interested and armed with ‘High 
School’ maths to that literature. It does 
it rather weH, and could be a useful 


reviews 


Yorick Wilks 





book for first-year University courses 


in computer science or psychology. 

Its concessions to laymen are among 
its best bits. Raphael begins by tackling 
what he, calls “myths about com- 
puters”: the Arithmetic Myth and the 
Stupid Computer Myth, namely that 
computers can do only what they are 
programmed to do, which is true but 
highly mxsleading. While he was at it 
he should probably have tackled the 
contrary myths: that computers are 
socially all-powerful and as clever as 
we are. The latter is just as likely to 
be beHeved by the man in the street at 
the moment as the “myths” Raphael 
does tackle. The book’s subtitle, too, 
Mind Inside Matter, is peculiarly un- 
fortunate for an author concerned to 
debunk myths. 


Matrix isolation 


Matrix Isolation: A. Technique for the 
Study of Reactive Inorgamc Species. 
By Stephen Cradock and A. J. Hinch- 
cliffe. Pp. 144. (Cambridge University : 

Cambridge, London and New York, 
October 1975.) ‘£6.20. 


Now acknowledged as one of the 
primary, methods of investigating 
molecules which are short-lived in con- 
ventional conditions, matrix isolation 
has not lacked reviewers, but books 
about it have been few and relatively 
specialised. The present authors are to 
be commended therefore on producing 
a compact and eminently readable 
account of matrix isolation which can 
easily be digested by undergraduate and 
graduate students unfamiliar with the 
technique. The formation and nature 
of a matrix, interactions within that 
matrix, and the technical aspects of 
matrix-isolation experiments are treated 
at.a simple, descriptive level, specific 
examples are discussed in the closing 
chapters. There is a short subject index 
and a cameo-sized bibliography that is 
bound to disappoint anyone with more 
than passing interest in the subject. 

_ Assuming that the reader is familiar 
with much basic physics, chemistry and 
spectroscopy, the authors have aimed 
to show how matrix-isolation experi- 


_ literature: 


Another bonus is the well illustrated 
chapter on the history of robots, which 
contains the marvellous revelation (p 
253) that “several! key figures in con- 
temporary computer history’—Von 
Neumann, Wiener and Minsky—are all 
descendants of the Maharal: the fif- 
teenthcentury rabbi of Prague who 


. made, and gave life to, a ‘golem’, an 


artificial man made from the clay of a 
river bank. — O 


Yorick Wilks has worked on Artificial 
Intelligence and natural language un- 
derstanding at Cambridge, Stanford 
and in Switzerland. He is at present a 
Senior Visiting Fellow at the University 
of Edinburgh, UK. 


ments may be accomplished Assuredly, 
theirs is a reasonable objective, but the 
result seems to me overburdened with 
empiricism, and addicted to assertions 
unsupported either by argument or by 
apt example. Without a broader appre- 
ciation of the purpose and possibilities 
of the technique, the reader might be 
excused for wondering whether the 
technical mountain has not given birth 
to a chemical mouse. This doubt is not 
altogether dispelled either by the range 
or by the treatment of the examples 
selected. Certain it is that the authors 
take a healthily critical view of the 
results of matrix-isolation experiments: 
whether those results signify much out- 
side their immediate context has to be 
taken on trust. If the figures would have 
repaid a greater expenditure of imagin- 
ation and trouble, the way in which 
the story is told recaHs Mark Twain’s 
character: ‘‘there was things which he 
stretched, but mainly he told the 
truth” Mainly this is a sound and 
worthwhile addition to the chemical 
it might have been more 
than that. 

A. J. Downs 


Dr Downs ts a Lecturer in the Depart- 
ment of Inorganic Chemistry at the 
University of Oxford, UK. 
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* Catecholamine 
transport systems 


The Mechanisms of Neuronal and 
Extraneuronal Transport of Catechola- 
mines. Edited by David M. Paton. 
Pp. xi+370. (Raven: New York, 
February, 1976.) $27 50. 





THE discovery by Axelrod and his col- 
leagues that radioactively labelled 
catecholamines are transported into 
sympathetically innervated tissues has 
led to a much better understanding of 
the physiology and pharmacology of 
adrenergic neurotransmission, and the 
early work was summarised in 1967 in 
what ís now becoming a classic book 
The Uptake and Storage of Noradrena- 
line in Sympathetic Nerves by L. L. 
Iversen. It is particularly welcome, 
therefore, that we are brought up to 
date by the book under review. The 
editor, in an historical introduction, 
also reminds the reader that possibly 
the earliest suggestion that circulating 
adrenatine might be transported into 
merve endings was made by J. H. Burn 


in 1932 and first shown experimentally 
in 1943 by Raab. 

The book contains 17 chapters con- 
tributed by well-known workers in the 
fleld and covers the major catechola- 
mine transport systems known, those 
across the membranes of sympathetic 
neurones, of synaptic vesicles and 
of non-neuronai cells in a variety of 
tissues. It is of fairly specialised inter- 
est, but most workers who study cate- 
cholamines and other neurotransmitters 
will want a copy in their library. Un- 
fortunately, there are some inconsis- 
tencies in the book between different 
authors. Several define precisely what 
is meant by the term ‘uptake’ and their 
definition is welcome; but other authors 
in the book use the term loosely and 
are less critical. Finally, the title was 
not a good choice, for only one chapter 
covers what is generally understood by 
the word ‘mechanism’: the way in 
which the catecholamine molecule 
passes across a membrane. 

A. D. Smith 





Dr Smith is a Lecturer in the Depart- 
ment of Pharmacology at the Uni- 
versity of Oxford, UK. 





Spectroscopy 
updated 


Spectroscopy. Wol. 1: Pp. 304. VoL 2: 
Pp. x+362. Vol. 3: Pp. x+324. 
(Science Paperbacks.) Edited by B P. 
Straughan and S. Walker (Chapman 
and Halt: London; Halsted: New 
York, June 1976.) Paper £5.50 each 
volume; hardback £9 each volume. 


THIS set of three volumes consists of a 
major reform of Spectroscopy by S. 
Walker and H. Straw issued in two 
volumes in 1961-62. It covers most of 
non-nuclear spectroscopy with an ap 
proach favouring the molecular aspects 
rather than deep fundamental theory. 
Each of the nineteen chapters has its 
individual authorship, although in some 
places recognisable parts of the earlier 
work re-appear. There is a modest 
amount of cross reference, a degree of 
common style and no serious dupHca- 
tion apart from the deliberate repetition 
of an appendix containing some more 
mathematical features in both volumes 
2 and 3. The editors have been effective 
in imposing SI where units are required 
but they have. not had an eagle eye on 
the associated algebraic forms, many of 
which lack a factor (1/47re) to be 
consistent with SI They also eschew A 
in favour of the cumbersome h/2rr. 
Volume 1 contains» atomic spectro- 
scopy and various forms of spin reson- 
ance including quadrupole nuclei and 
the Mdssbauer effect. In this volume, 


nuclear magnetic resonance is only 
allocated 64 pages which seems light 
for balance and solids are largely 
omitted. Volume 2 contains the rota- 
tion and vibration features and a chap- 
ter on group theory which is at a 
deeper level than is common in such 
student texts; the chapter on force 
constants is more appropriate to this 
scientific level. The chapter on the far 
infrared provides interesting experi- 
mental detail; instrumentation else- 
where is inevitably briefly covered. 
Volume 3 covers essentially electronic 
molecular spectroscopy and includes a 
special chapter on photoelectron 
spectroscopy and another on astro- 
physics and astrochemistry. 

This replacement is timely and will 
be widely welcomed by those who found 
the earlier edition valuable. The books 
are somewhat lengthy in parts for 
chemistry or physics undergraduates, 
but the volumes ghould be available in 
the kibraries they use. At M Sc level — 
or possibly undergraduate chemical 
physics—it would be very surtable; and 
also as an introduction to research. It 
can be strongly recommended for these 
purposes, although it retains a slightly 
old fashioned approach to quantum 
theory which restrains the enthusiasm 
of this reviewer D. H. Whiffen 


Professor Whiffen is Head of the 
Department of Physical Chemistry at 
the University of Newcastle upon 
Tyne, UK. 


Nature Vol. 263 October 28 1976 


Hydrolysis 
equilibria of 
metal cations 


The Hydrolysis of Cations. By Charles 
F. Baes, Jr, and Robert E. Mesmer. 
Pp. xxi+489. (Wuiley-Interscience: 
New York and London, May 1976.) 
$49.40; £27.66. 


THe first three chapters of this book 
will be useful to anyone who wishes to 
acquire a good background knowledge 
before beginning a study of the com- 
plicated hydrolysis equilibria of metal 
cations. Methods of measurement 
(chiefly potentiometric) and the inter- 
pretation and treatment of data are 
covered systematically and in a clear 
stwe. The authors conclude this sec- 
tion of the book (pp69-70) with a 
slightly philosophical attempt to ans- 
wer the question: How certain can we 
be that the scheme of equilibria that 
“best” fits the data is indeed the cor- 
rect one? The meaning to be attached 
to the word “correct” in this question 
would seem fo be open to a lengthy 
discussion among philosophers of 
science. 

The next fourteen chapters are de- 
voted to accounts of specific cations, 
covering almost all the appropriate 
elements in the periodic table. This 
part of the book fulfils the authors’ 
object of assembling in convenient 
form a great deal of information, most 
of which was published during the 25 
years up to 1974. It is not claimed 
that the information on any particular 
topic is compkte, but each section 
(together with the references—there 
are about 900 altogether) provides a 
good starting point for further study. 
In the last chapter a brave attempt is 
made at the difficult task of surveying 
and rationalising the variety of be- 
haviour described earlier in detail. 

There is no conventional subject in- 
dex but there is a single-page alpha- 
betical index of hydrolysing species, a 
chapter index in the form of a periodic 
table and a ten-page list of contents. 
The book should therefore be quite 
convenient to use, but the casual 
reader should not overlook the sum- 
mary of symbols and definitions. These 
are not always conventional, and they 
include the rather unexpected defini- 
tion, pH=—log[H*]. The standard of 
production is high—as is the price. It 
is abook for libraries rather than for 
the individual buyer. J. S. Coe 


Dr Coe is a Senior Lecturer in the 
Department of Chemistry at King’s 
College, University of London, UK. 
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Electron 
donor—acceptor 
complexes 


Catalysis by Electron Donor—Acceptor 
Complexes: Their General Behaviour 
and Biological Roles. By Kenzi Tamaru 
and Masaru Ichikdwa Pp vuli+ 208 
(Kodansha : Tokyo; Wiley: New York 
and London, March 1976.) $23.40; 
£11.70 


IN view of the'large number of recent 
books and reviews dealing with various 
aspects of: electron donor-acceptor 
(EDA, or charge-transfer) complexes, 
one must ask whether this book con- 
tributes anything new Unfortunately, 
aside from one chapter, the answer 1s 
no. 

The central theme of the book is the 
chemical properties of EDA complexes, 
including their reactions, catalysis by 
EDA complexes, and the biological ‘im- 
portance of EDA complexes. Chapters 
I (Introduction, 8 pages) and 2 (Forma- 
tion of EDA Complexes; 44 pages) 
present a brief. general introduction to 
the subject of EDA complexes Most 
of this material is covered more clearly 
_ and accurately in earlier books and 
‘reviews. 

Chapter 5 a ES Catalysis 
by EDA Complexes, 40 pages) discusses 
reactions of EDA complexes and cata- 
lysis by complexing in solution. This 


chapter -contains numerous inaccurate. 


and confusing statements and is neither 
complete nor up to date. Again, this 
subject is covered much more ade- 
quately in any one of several recent 
books and reviews. 

Chapter 4 (Heterogeneous. Catalysis 
by EDA Complexes, 66 pages) deals 
with the subjects of adsorption through 


EDA complexing and by EDA com- - 


plexes, and catalysis by solid EDA 
complexes. This. topic, being the main 
‘Interest of the authdrs; is.covered in 
much more detail with. numerous 
references to recent work. I found the 
chapter interesting and relatively free 
from errors. No comparable review of 
these subjects is avaHable elsewhere 

Chapter 5 (Role of EDA: Complexes 
in Biochemical Reactions, 40 pages) 1s 
again neither complete nor up to date 
and the subject is covered more ade- 
quately elsewhere. 

A very substantial fraction of Chap- 
ter 5 as well as smaller parts of 
Chapters 2 and 3 are copied almost 
verbatim from earlier books and re- 
views. Perhaps this is why, with the 
exception of Chapter 4, there are few 
references later than 1968. 

In s@mmary, the’ only very useful 
part of this book is the chapter dealing 
with heterogeneous catalysis Only 
persons actively interested jn this area 


` are likely to consider paying $23.40 for 


a 66-page review on the subject 
Allan K. Colter 


Allan K. Colter is Professor of 
Chemistry at.the University of Guelph, 
Guelph, OUaAO, Canada ` 





Vibrational 
spectroscopy 


Vibrational States. By S. Califano, 
Pp. xii +335. (Wiley—Interscience’ Lon- 
don and’ New York, April 1976.) 
£16.75; $34.50. 


Tus is a textbook on the theory of 
vibrational spectroscopy for graduate 
students. It evolved from a lecture 
course given by the author in the Uni- 
versity of Florence, and is restricted to 
the theoretical treatment of vibrations 
of isolated molecules. 

The book consists of nine chapters, 
plus two appendices containing group- 
theoretical character and correlation 
tables Chapter 1 is a short introduction 
to infrared and Raman spectroscopy. 


.Chapter 2 presents the classical theory 


of small molecular vibrations and in- 
cludes a very clear account of the 


‘separation of translational, rotational 


and vibrational, motion (the Eckart or 
Sayvetz conditions). The quantum 
theory is given in Chapter 3, it deals 
with the one-, two- and three-dimen- 
gional harmonic oscillator and with the 
quantum radiation field. Chapter 4 is 
concerned with the transformation to 
internal coordinates and the construc- 
tion of the F and G matrices for the 


Environmental 
dictionary — 
Dictionary of Environmental Terms. 
By Alan Gupin. Pp. 191. (Routledge 


and Kegan Paul. London and Healey, 
September 1976.) £3.50, ` ` 


Tuts book. is attractively produced, 
easy to us, and has some very 
useful features: the list of abbrevi- 
ations at the beginning (although why 
does the MW=megawatt come be- 
tween p.p.m. and its expansion?) and 
the. Appendix carrymg the Statement 
of the Stockholm Conference on the 
Human Environment (1972). The im- 
portant criteria in reviewing such a 
book are: “Does it contain puzzling 
words that the student/layman is 
likely to encounter?” and “Are the 
definitions sound?”. The range of 
words is ‘admirably broad, but there 
are some omissions, especially of 
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force constants and the kinetic energy 
in terms of the internal coordinates ° 
Chapters 5 and 6 are devoted to the 
principles of group theory and its 
applications to molecular vibrations, 
and Chapter 7 to selection rules in in- 
frared and Raman spectra. Various 
potential functions, mcluding the gen- 
eral valence force fleld and the Urey- 
Bradley force field, are discussed in 
~Chapter 8 which includes a brief de- 
scription of Coriolis coupling, centri- 
fugal distortion, and the ab initio com- 
putation of force constants. The final 
chapter is concerned with anharmoni- 
city and Fermi resonance. 

The author has given us a clear and 
detailed account of the main topics in 
the theory of molecular vibrations. 
There are omissions, including vibronic 
coupling, internal rotation, circular 
dichroism, and Raman spectra result- 
ing from the anti-symmetric part of the 
polarisability tensor; and a few obscuri- 
tees and minor errors, such as the com- 
parison at the foot of p20 of quantities 
having different dimensions. SI units 
are not used, nor are Mulliken’s recom- 
mendations (J chem. Phys., 23, 1997, 
1955) for the choice of molecule-fixed 
axes; the coordinate frames on p19 are 
left-handed and some of the diagrams 
(such as that showing a plane of sym- 
metry on p103) are not clear. But over- 
all this is a good book that will be a 
useful addition to the well-known texts 
by Herzberg and by Wilson, Decius 
and Cross. A. D. Buckingham 


A D. Buckingham has been Professor 
of Chemistry at the University of 
Cambridge since 1969. 


biological terms. No ‘biotic index’. 
‘sere’ or ‘ecotype’, for instance, and 
only ‘meteorological stability’. On the 
pollution side ‘fanning’ of plumes 
appears. but no ‘slug’ or ‘slick’; and 
although ‘effluent charge’ is included 
‘consent’ or ‘consent conditions’ is 
not 

‘Qualitative and quantitative analy- 
sis’ probably need not have been in- 
cluded, and the long description of 
Boulding’s green stamp plan for 
creating a market ın procreation, 
although. intriguing, is of only mar- 
ginal importance. 

Some of the explanations are too 
discursive, more appropriate to a 
gazetteer than a dictionary. In spite 
of these criticisms, however, this is a 
helpful book reasonably priced. 

Pauline K. Marstrand 


Pauline Marstrend is a Senior Fellow 
in the Science Policy Research Unit, 
Universty of Sussex, UK. 
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e 
bituar 
Wıth the death of Professor J. C. 
Slater at the age of 75, America, and 
indeed the world, has lost one of ıts 
most influential and actiye practi- 
tioners of theoretical physics. For over 
fifty years Slater produced a continuous 
and substantial flow of research work, 
most of it concerned with those aspects 
of matter which depend primarily on 
the electronic properties of atoms; 
treating first the properties of individ- 
ual atoms as revealed by the multiplet 
structure of their spectra, and later the 
properties of atoms in molecular com- 
binations and in the solid state 

With the advent of wave mechanics 
he quickly realised that all such proper- 
ties are determined by the many- 
electron wave function of the system, 
and therefore directed his attention to 
the invention of suitable approxima- 
tions and mathematical methods for its 
calculation. In his search for the wave 
functions, their eigenvalues, and the 
density of states they imply, he led a 
numerous band of gifted students many 
of whom (now somewhat advanced in 
years) have followed the trail which he 
blazed and, with more powerful com- 
puters and more refined techniques, 
have achieved even better results 
Surely no greater tribute can be paid 
to a scientist than the successful con- 
tinuation of his work by succeeding 
generations. 

John Clarke Slater was born on 
December 22, 1900 into an academic 
family; his father was professor of 
English at the University of Rochester. 
John, after taking his bachelor’s degree 
at this university, went on to Harvard 
as a graduate student to work under 
the direction of P W Bridgman In 
1922 he travelled to Europe and during 
a stay of a few months in Conenhagen 
he became part author, with Bohr and 
Kramers, of a well-known paper on the 
quantum theory of radiation Although 





the conclusions of this paper proved 
to be incorrect, ıt was influential for a 
tıme, and for a young man of 23 the 
association with such famous names 
was a happy augury indeed. 

In 1929 Slater published one of his 
most important papers which dealt 
with the theory of multiplets in com- 
plex spectra. Folowing the work of 
F. Hund and applying the newly 
developed wave mechanics he was able 
to simplify and extend the calculations 
of the multiplet structure of atoms with 
many electrons The basic concept in 
this work was the expression of the 
total wave function as a determinant 
of the single electron wave functions 
including their spin states Such deter- 
minants have ever since been known as 
Slater determinants and have found 
applications in many fields, ‘for ex- 
ample, chemistry and metal physics 

Following the publication of Heisen- 
berg’s theory of ferromagnetism and 
Bloch’s famous paper ‘on the quantum 
mechanics of electrons in crystal 
lattices, Slater wrote a paper in 1930 
entitled Cohesion in Monovalent 
Metals The significance of this paper 
in Slater’s scientific life is that it marks 
hig introduction into what is now 
known as solid state physics and which 
was to remain his principal interest for 
over forty years. As with many other 
physicists, however, the years of the 
second world war caused an interruption 
in Slater’s academic research. During 
these years he was active in organising 
the Radiation Laboratory at M.I.T 
and was involved with research con- 
cerning the principles of magnetron 
design For this work he was awarded 
a Presidential Certificate of Merit 

After the war Slater returned to his 
interests in solid state. physics and 
began a series of calculations aimed at 
improving the accuracy of wave func- 
tions and the energy levels of electrons 


in metals. He developed the method 
introduced by Wigner and Seitz so that 
it could be applied to states of higher 
energy and used the resulting eigen- 
value spectrum to construct curves of 
the density of states. Later he intro- 
duced the augmented plane wave 
method which was widely used by his 
own students and other physicists. This 
work, carried out mainly in the decade 
1950-60, 1s not to be judged by the 
accuracy, or inaccuracy, of particular 
results but by the thrust which it gave 
to the advance in this sector of the 
subject. 

Slater was a most prolific writer. 
Besides about one hundred original 
papers he wrote eleven books, a few in 
collaboration with N. H. Frank, but 
mostly alone, and in addition produced 
many survey articles, including one 
giving a detailed history of the develop- 
ment of solid-state and molecular 
theory. A notable feature of Slater’s 
pedagogic writings is the extraordinary 
complete bibliography which is in- 
variably attached to each book or 
article. Evidently very little escaped his 
attention. It seems clear that he wrote 
with great facility and speed and that 
he maintained a confidence in his 
knowledge and understanding of 
physics throughout his life 

Other aspects of Slater’s life and 
character, for example, his admini- 
strative ability which enabled him to 
take over the headship of the physics 
department of M.I.T. at the early age 
of 29, and his gifts as a teacher, can 
be dealt with adequately only by a 
close colleague, and in an introductory 
passage to the volume of articles pub- 
lished to commemorate his 65th birth- 
day. Professor Philip Morse pays a 
warm tribute to Slater with regard to 
exactly these qualities. Clearly, Slater 
was a man of quite exceptional stature 
in many respects. H. Jones 
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Meetings 


March 28-30, Nuclear Magnetic 
Resonance in Biology, Oxford (Dr 
R A. Dwek, Department of Biochem- 
istry, University of Oxford, South 
Parks Road, Oxford OX1 3QU, UR). 


April 4-6, Mlcrocaltorimetry tn Biology, 
London (3rd. International Symposium 


on Microcalorimetry, LKB Instruments 
Ltd., LKB House, 232 Addington 
Road, ‘Selsdon, South Croydon, Surrey 
CR2 8YD, UK). 


April 25-27, Bioengineering, Fort 
Collins (Deadline, for abstracts: Jan- 
uary 1) (Dr C W. Miller, Department 
of Physiology and Biophysics, Col- 
laborative Radiological Health Lab- 
oratory, Colorado State University, 


Fort Collins, Colorado 80521). 


April 27-29, Food, Fertilizer and 
Agricultural Residues, Syracuse, New 
York (Waste Management Conference, 
Cornell University, 207 Riley-Robb 
Hall, Ithaca, New York 14853). 


May 21-25, Carboniferous Stratigraphy 
and Geology, Urbana-Champaign (Dr 
Mackenzie Gordon, US. Geological 
Survey, Washington D.C.). 
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